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ABSTRACT

Research on developing experimental problem solving-based learning program to overcome the low mental 
model (MM) and mental-modeling abilities (MMA) physics teacher candidate in one of the college teachers 
in Palu have been conducted. Mental model construction is the “core” of meaningful learning and along with 
MMA (modeling) become a keyword to understand the key concepts in the science learning. The development 
of this learning program was using R & D method. Development process from requirement analysis phase 
until implementation process has already been described using 4D model: define, design, develop and 
disseminate. The subject matter of this research was the Basic Physics II course on the topic of electricity 
and magnetism. Based on the data analysis and findings at each stage of development, it is concluded that 
the learning program stages which have improved MM and also enhanced the MMA of physics teacher 
candidates consist of learning orientation phase; orientation to the problem; pre-experimental brainstorming; 
experiment; evaluation; as well as the phase of reinforcement and follow-up. 

ABSTRAK

Penelitian tentang pengembangan program berbasis eksperimen problem solving untuk mengatasi rendahnya 
mental model (MM) dan mental-modeling abilities (MMA) calon guru fisika di salah satu guru perguruan 
tinggi di Palu telah dilakukan. Konstruksi model mental adalah inti dari pembelajaran yang bermakna dan 
bersama dengan MMA (pemodelan) menjadi kata kunci untuk memahami konsep-konsep kunci dalam 
sains. Pengembangan program pembelajaran ini menggunakan metode R & D. Proses pengembangan dari 
tahap analisis kebutuhan hingga proses implementasi dijelaskan menggunakan model 4D: define, design, 
develop, disseminate. Materi yang dikaji dalam penelitian ini adalah mata kuliah fisika dasar 2 tentang topik 
listrik dan magnet. Berdasarkan analisis data dan temuan pada setiap tahap perkembangan, disimpulkan 
bahwa tahapan program pembelajaran yang telah memperbaiki MM dan juga meningkatkan MMA calon 
guru fisika terdiri dari fase orientasi pembelajaran; orientasi pada masalah; pra-brainstorming eksperimental; 
percobaan; evaluasi; serta fase penguatan dan tindak lanjut.  

Keywords: Course Program; Mental Model; Mental-Modeling Ability (MMA); Problem Solving Laboratory

and Tallman and Henderson, 1999). Mansyur 
(2010), reported that the higher the academic 
level of a person, the better the mental model 
and the higher the ability to solve problems. 
This means that a person’s mental model is 
dynamic can change with increasing learning 
experience (Corpuz & Rebello, 2011) and con-
text dependent (Didiș, N., et al, 2014). A good 

INTRODUCTION

Mental models and mental modeling abil-
ities are two important factors in the problem 
solving process (Mansyur, 2010; Wang, 2007; 
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mental model has been constructed from links 
between elements of the problem description 
and underlying knowledge (Mansyur, 2010). 

The process of understanding how the 
system works requires individuals to construct 
a mental model of the system in their minds. 
This can be done by building a network of relat-
ed concepts and understanding the functional 
relationship of a number of different aspects 
and levels of the system based on daily knowl-
edge and experience (Vosniadou, et al, 2004). 
Jansoon, et al, (2009) divides mental model 
levels into three levels:

Level 1: the model is seen as a “toy” or 
a “copy” of reality. The model created at this 
level is not based on concept and only based 
on experience that cannot explain the problem.

Level 2: the model can lead to goals ex-
plicitly and specifically. The model made at this 
level is based on the concepts and phenomena 
that are displayed (context) in the problem but 
cannot be developed.

Level 3: the model has been constructed 
to develop and test an idea, and can be manip-
ulated and operated against the test. Models 
at this level are dynamic, can be constructed 
based on concepts, contexts, and can be de-
veloped to solve problems that are seen in the 
presence of several alternative solutions.

The ability to use or to change mental 
models while the model used cannot be applied 
or is inappropriate in the problem solving pro-
cess is called mental-modeling ability (MMA). 
According to Wang (2007), high mental-mo-
deling ability (H-MMA) is characterized by the 
emergence of abilities:
1) Resulting mental models in the form of dia-
grams or other relevant forms of representa-
tion.
2) Being able to reconstruct, manipulate, or ad-
just the mental model based on propositions or 
problem conditions.
3) Re-arranging the approach based on the 
problem.
4) Monitoring the process of explaining and 
constructing the mental model, as well as
5) Checking and matching mental models and 
answering problems using an alternative ap-
proach if the problem is relatively new.

It is undeniable that the ultimate goal of 
learning physics is the ability to solve problems 
(Korsunsky, 2004). Likewise on the standard 
of higher education learning processes that 
require problem solving competencies for gra-
duates (Kemenristekdikti, 2015). The transition 
of the problem solver categories of novice to 

an expert requires an increase in problem sol-
ving abilities (Walsh, et al, 2007). This increase 
is able to be trained through problem-based 
learning (Komariah, K., 2011; Tallman & Hen-
derson, 1999). The results of the research by 
Supriyatman, et al (2014) on physics education 
students of one of the state universities in the 
Central Sulawesi in the second and fourth se-
mester who were attending the Basic Physics 
II and Magnetic-Electricity courses, showed 
that the low level of students’ mental models in 
the concepts of electricity and magnetism, and 
even tended to misleading in choosing a con-
cept and experiencing misconceptions.

Based on the results of preliminary stu-
dies that have been conducted, it was found 
that the learning activities do not support the 
improvement of mental model abilities of stu-
dents. This fact is quite apprehensive consi-
dering they are prospective teachers who will 
teach these concepts to their students. There-
fore, to improve the ability of students’ mental 
models, especially in electricity and magnetic 
topics, it is necessary to design learning pro-
grams that can train students to solve problems 
regarding with the topics systematically. One of 
the methods utilized is hands on and minds on 
activities. By using hands on and mind on acti-
vities, students are able to be trained to solve 
problems, increase their learning experience 
and are able to use less energy in accessing 
and organizing cognitive elements.

METHOD

This research is a research and deve-
lopment research (R & D) of 4D model (define, 
design, develop and disseminate) from Thiaga-
rajan, et al (1974) to develop Basic Physics II 
courses on electricity and magnetism concepts 
that is able to improve mental models and to 
enhance the MMA of physics teacher candi-
dates. The preliminary step of this research 
were initial investigating to the students’ mental 
model and MMA profile on electricity and mag-
netic concepts (Supriyatman, et al., 2014); to 
analyze the curriculum documents, lesson plan 
(SAP), and final test documents. At the design 
stage, based on the results of the mental mo-
del analysis, MMA, and the document profiles, 
the purpose of each step of the development 
and constructing of the learning program have 
already been planned.

The learning program carried out was 
complemented by several instruments, inclu-
ding SAP (lesson plans), LKM (students’ work-
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sheets), PD (lecturers’ guidelines) and problem 
solving tests related to the topics which were 
studied. The four learning instruments were va-
lidated by four physics experts both in terms 
of content and learning aspects. The results of 
expert validation are then utilized as the basis 
for the revision and the revised instruments are 
then tested. Problem solving in addition to ex-
pert validation was also carried out field vali-
dation. 

To obtain field validation, the draft of the 
problem solving test was tried out to 49 second 
semester students who had attended electricity 
and magnetism lectures. Furthermore, based 
on the results of the validity analysis, a number 
of questions were chosen which were ready 
to be utilized in the study. The next step, SAP, 
LKM, PD, and problem solving tests are imple-
mented in Electricity and Magnetism learning 
which is attended by 33 students in the fourth 
semester. The research data at this phase 
have already been analyzed and utilized as a 
consideration to revise the draft program and 
the instrument (develop-phase). The results of 
the revision of this phase are then re-validated. 
Furthermore, to determine the effectiveness of 
learning programs that have been designed, 
revised research instruments are then imple-
mented to the 29 students participating in the 
Basic Physics II lecture on the concept of elec-
tricity and magnetism (disseminate phase). 

Learning indicators of successful pro-
gram implementation are determined from a 
minimum of 75% of respondents (lecturers 
and students) who agree and strongly agree 
and the improvement of mental models, MMA 
and problem solving scores. The instruments 
utilized to collect data were students’ response 
sheets, lecturers’ response sheets, Electricity 
problem solving tests, and Magnetism prob-
lem solving tests. In problem solving tests, the 
methods of data collection utilized were three 
ways, namely traditional tests (paper and pen-
cil test), thinking aloud, and semi-structured 
interviews to explore the consistency of stu-
dent answers, especially in determining mental 
models and MMA.

RESULTS AND DISCUSSION

Define phase
Document analysis results in the define 

phase show that SAP and experiment instruc-
tions are still traditional learning, the learning 
carried out still uses the pattern: Lecture - Ex-
ercise - Assignment. Experimental guidance 

are still in the form of cook-books and separate 
from supporting courses. Exam questions for 
students are also rarely found using a form of 
problem solving tests.
 
Design phase

The learning program has ever been de-
veloped consists of learning tools: lecture mod-
els as learning process syntax contained in the 
learning implementation of lesson plan (SAP), 
student learning guides contained in student 
worksheets (LKM), lecturer guidelines (PD) as 
lecturer guidelines in guiding student learning 
and problem solving tests as an instrument to 
conduct an assessment in exploring mental 
models, mental-modeling ability (MMA) and 
problem solving abilities. 

The learning model developed is a prob-
lem solving based lecture model based on the 
Simanjuntak’s framework (2012) which is used 
to improve meta-cognition skills. The applica-
tion of this model is able to improve student 
cognition and meta-cognition on the topic of 
Kinematics and Dynamics in the medium cat-
egory (Mariati, et al, 2017). This model consists 
of five phases: Phase 1 Orientating students 
on problems; Phase 2 Organizing students 
to study; Phase 3 Guiding a problem-solving 
based investigation individually and in groups, 
Phase 4 Developing and presenting the results 
of the investigation, Phase 5 Strengthening 
and following-up to learning. The part devel-
oped in this research is to include the process 
elements in the formation of mental models in 
Phase 3 by adding a POE strategy (predict, 
observe and explain). This strategy has been 
utilized by Wang (2007) and Khanthavy (2012) 
to investigate students’ mental models. These 
phases and the activities of lecturers and stu-
dents in each phase are stated in SAP. 

Experiments conducted in this study us-
ing real lab and virtual lab. Real lab is used 
in experiments that require real observation 
(can be observed by the five human senses), 
whereas in experiments that require observa-
tion of abstract quantities, a virtual lab have 
been used. According to Zacharia and Ander-
son (2003), understanding the concept of stu-
dents on the abstract concept by experiment 
using a virtual lab is higher than that of students 
who use real labs. This program is designed 
in nine-meetings with three lecture units (three 
credits), with a composition of seven lectures 
and two exams.

The students’ activity sheet (LKM) de-
veloped has been adapted from the models of 
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Heller, Keith, and Anderson (1992) which fea-
tured nine steps of problem solving strategies 
in solving physics problems experimentally: 
(1) questions (real-world problems); (2) equip-
ment; (3) prediction; (4) method questions; (5) 
exploration; (6) measurement; (7) analysis; 
(8) evaluation and (9) conclusions. Topics dis-
played in this problem solving consist of seven 
topics, that are; electric charge, capacitors 
combination, switch and lamp combination, RC 
circuit, voltmeter, induction emf, and generator.

Lecturer’s guidelines (PD) have been de-
veloped referring to the LKM that have been 
made. PD as a lecturer guide was used to con-
duct problem-based experiment processes so 
that the structure follows the structure of the 
LKM. Basically this PD contains the possibil-
ity or alternative answers of students in doing 
problem solving.

Assessment instruments have been de-
veloped referring to the real-world problem of 
Heller & Heller (1999) in their book of Coopera-
tive Group Problem Solving in Physics. Prob-
lem solving tests in the form of rich problem 
tests, students as problem solvers are required 
to solve contextual problems using several re-
lated concepts. Students should have being the 
ability to analyze problems, link concepts be-
tween contexts, make analogies, and explain 
using appropriate representations (Gilbert, et 
al, 2008). 

Problem-solving tests (PS) have electric-
ity and magnetism topics that are used differ-
ently from essay tests in general, especially in 
the test instructions. The test instructions are 
listed: “Do the following questions by giving an-
swers based on your knowledge. Write clearly 
along with a sketch or picture as an illustration 
of everything you think about when answering 
the question on the answer sheet. This guide is 
written with the intention that researchers can 
access their mental model as a substitute for 
thinking aloud.

Develop phase
Model and instrument tests have been 

conducted on 4th semester students who par-
ticipated in Electricity and Magnetism courses. 
The model used consists of 5 phases: Phase 
1 Orientating students on the problem, Phase 
2 Organizing students for learning, Phase 3 
Guiding individual and problem-solving based 
group inquiry, Phase 4 Developing and pre-
senting the results of investigations, Phase 5 
Strengthening and following-up learning. This 
model has been elaborated in the program 

tools in the form of SAP and PD as instructors 
for lecturers and LKM as a guide for students 
in solving experimental-based problems. Lec-
ture material at the Basic Physics level consis-
ting of four topics on electricity problems and 
three topics on Magnetism problems planned 
in seven meetings and two tests. The electrici-
ty problem-solving test is carried out after the 
end of the electricity topic and the Magnetism 
problem-solving test is carried out after the end 
of Magnetism topic. Each meeting uses 3x50 
minutes which is equivalent to three credits.

This testing phase has aver used one 
group post-test designed and obtained data 
about mental models, MMA and problem sol-
ving scores as shown in Table 1. Increased 
problem solving scores (PS) from 16% who had 
a score above 7 in electricity material to 41% in 
magnetic material. This can also be seen from 
the increase in the number of students who ex-
perienced MM improvement at level 3 from 6% 
to 14%, and MMA on H-MMA from 8% to 19%.

Table 1. Recapitulation of program test results

Aspects measured
Electricity

Topics/ 
Number of 
Students (%)
Magnetism

Level of 
MM

NC (%) 10 15
Level 1 (%) 59 43
Level 2 (%) 25 29
Level 3 (%) 6 14

Cat-
egories of 
MMA

Blank (%) 10 15
L-MMA (%) 61 29
M-MMA (%) 21 38
H-MMA (%) 8 19

Scores of PS ≥ 75 16 41
Notes: 
NC : not clear (mental mod-
el not accessible / answer blank) 
Blank : MMA cannot be accessed 
% ∆ : Percentage of the number of students 
who experienced a better change
L-MMA  : Low-mental modeling ability
M-MMA : Moderate-mental modeling ability
H-MMA : High- mental modeling ability 

In the testing phase although it has de-
scribed an increase in PS scores, an increase 
in the number of students who managed to im-
prove MM, and an increase in MMA, but there 
are still deficiencies in the learning process. 
These weaknesses include students still hav-
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ing difficulty finding concepts related to prob-
lems; and connecting with the problems given 
to the right solution; and do not conduct evalu-
ation and meta-cognition (Supriyatman, et al, 
2018). These findings were then used as mate-
rial in revising lecture programs based on de-
veloped problem solving experiments.

The implementation phase was carried 
out using the pretest - post-test design method 
to 29 students participating in the Basic Phys-
ics II course. The learning phases carried out 
are as follows: Phase 1 Orienting students to 
the learning; Phase 2 Orienting students to 
problems; Phase 3 Guiding students to pre-
experimental brainstorming; Phase 4 Guiding 
individual- and group- inquiry based on prob-
lem solving; Phase 5 Evaluating problem solv-
ing results, and Phase 6 Strengthening and 
following-up learning. These stages are then 
refined by sharpening the emphasis on MM 
construction (Phase 3) and the characteristics 
of H-MMA (Phase 5). The improvement of this 
stage was able to reaffirm the increase in PS 
scores, MM improvement, and increase in the 
teacher’s MMA as shown in Table 2.

Table 2 shows that students who have 
participated in learning programs and problem 
solving-based experiment experience an inc-
rease in problem-solving skills both on the to-

pic of electricity and on the topic of magnetism. 
This increase is indicated by an increase in PS 
scores of 38.3% in the topic of electricity and 
38.1% in the topic of magnetism. The lecture is 
able to improve MM students both on electricity 
topics and on magnetism topics. Students ex-
perience MM improvement in the topic of elect-
ricity at 58% and 59% on magnetism topics.

The lecture program that was develo-
ped has also increased student MMA both on 
both topics. The increase in student MMA was 
obtained from the percentage of students who 
experienced an increase in the MMA category 
in the post-test results. Students experienced 
an increase in MMA on the topic of electricity 
by 63% and on the topic of magnetism by 64%.

The following is an example of improving 
the level of M25 students’ mental models in wor-
king on electricity material problem solving tests: 
Problem: “As a researcher, you are tasked with 
investigating the electricity properties of metal 
modifications of your research. Your initial step 
will be to determine the metal resistivity proper-
ties (ρ) and for this purpose you prepare two 
similar metal groups. The first group consists 
of three metal rods of the same diameter but 
vary in length and the second group consists 
of three metal rods with different diameters but 
the same length. Make predictions from the two 

Table 2. Recapitulation of the results of program implementation.

Aspects Measured
Pretest

Electricity Topics Magnetism Topics
Posttest Pretest Posttest

Level of MM

NC 13 2 16 7
Level 1 55 29 51 22
Level 2 30 52 30 39
Level 3 2 17 3 32

%∆ 58 59

Categories of 
MMA

Blank 13 2 15 7
L-MMA 66 35 60 24
M-MMA 21 44 22 37
H-MMA 0 19 3 15

% ∆ 63 64
Problem- solving 

Scores
Scores 3.5 5.9 3.3 6.9
N-Gain 38.3 38.1

Notes: 
NC : not clear (mental model not accessible / answer blank) 
Blank : MMA cannot be accessed 
% ∆ : Percentage of the number of students who experienced a better change
L-MMA  : Low-mental modeling ability
M-MMA : Moderate-mental modeling ability
H-MMA : High- mental modeling ability
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groups of metals, design the steps of the inves-
tigation, what data are needed, make a table of 
observations, and analyze the data.”

Answers to the initial M25 student tests in 
the level 2 mental model category:

 
 “To investigate the electricity properties of 
metal modification, the data needed to de-
termine the metal resistivity level (ρ) is 
the length, cross-sectional area, current. 
Based on this we need to see the current flo-
wing to see the magnitude of metal resistivity. 
Thus, the metal resistivity which is influenced 
by the cross-sectional area and the length of 
the metal rod and the current flowing in the me-
tal rod we can determine the resistivity level.”

 
The answer to M25 above has shown that 
the model formed in analyzing problems has 
used the correct concept. The M23 model 
has explicitly guided the expected solution. 
But at the end of the answer, M25 students 
do not display the form of representation in 
the form of equations or images that exp-
lain or guide in the problem solving process. 
So that M25 is categorized as MM level 2. 
 
M25 student final test answers:

 
“After reading the problem first in this case that 
is to determine the metal resistivity properties 
(ρ) and two similar metal groups are prepared 
with the first group division of three metal rods 
of the same diameter but varying in length and 
the second group consists of three metal rods 
whose diameter different but the same length. 
The thing that needs to be done to test is to 
prepare an electricity measuring device such 
as a voltmeter and ampere-meter and then we 
utilized the power supply, the ruler to measure 
the length and micrometer of the screw and 
the calipers as other supports. Then we ob-
tained the data needed, namely, the length of 
the metal rod, diameter, current strength, and 
stress on the metal rod. In determining metal 
resistivity (ρ), this process has been influenced 
by two factors, namely the length and width of 
the conductor or metal. The diameter we obtain 
is used to calculate the metal cross-sectional 
area with us assuming a metal cross section is 

a circle so that .

Table 3. (for the same diameter and length)
Length (M) D(m) A (m2)

5.10-1 2.10-2

4.10-1 2.10-2

3.10-1 2.10-2

Table 4. (for different diameter and the same 
length)

Length (M) D(m) A (m2)
2.10-1 5.10-2

2.10-1 4.10-2

2.10-1 3.10-2

It can be seen that for similar materials 
have “the same metal resistivity”.

The answer to M25 appears to be 
an improvement in the use of representa-
tions in the form of tables and equations 
used in the problem solving process. The 
dynamics of the model built by M25 gui-
de him in solving problems. So that M25 in 
the final test is categorized as MM level 3. 
 
Example of Improvement of MM M23 students 
on magnetism context number 2. Answer of M23 
at MM level 2 at initial test and level 3 at final test: 
M23 initial test answer:

“I decided that because, as we know, 
the compass needle always points towards the 
north and south which is caused by being at-
tracted by the South Pole and the north pole 
of the earth’s magnet, which is why I decided 
to use a compass. Then to determine the mag-
nitude of the magnetic field qualitatively using 
a compass in my opinion, by using an electric 
current wire the coil of iron-core wire that is 
electrified can draw iron and steel. This shows 
that an electric wire coil can produce a magne-
tic field. When the electric current flowing in the 
conveyor is enlarged, it turns out that the com-
pass needle pole deviates even further.”

M23 final test answers:
“In this case I decided to use a compass 

because the first there was no tool to be used. 
Then the second, as we know, the earth’s mag-
netic poles move so slowly that the compass 
can still function if it is used to measure mag-
netic fields. Then to determine the magnitude 
of the magnetic field qualitatively, namely: a 
compass needle placed in a magnetic field 
will align its position with the magnetic field 
line. The North Pole will show the direction 
of the magnetic field at that point. If the com-
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pass needle is moved at the point around the 
wire that is running, then the compass needle 
will appear to move in the direction of the tan-
gent to the circle centered on the wire. From 
the above events it can be concluded that the 
direction of the magnetic field line due to the 
current wire is parallel to the tangent lines of 
the circle centered on the wire with the di-
rection indicated by the compass north pole. 
There is another way besides using the com-
pass in this case by using the right hand rule.”

The final test pattern answer M23 indica-
te that the thinking pattern constructed by M23 
showed an understanding that the field pre-
sented by the compass is a magnetic field at 
the point where the compass is located, using 
the correct concept with a fairly clear expansi-
on. M23 also builds its mindset by showing al-
ternative solutions that can be developed. M23 
is not rigid with the models that have been built 
at the beginning of problem solving.

Level 3 mental model (MM) category is 
also shown by M15 and M22 in the context of 
number 3 magnetic material with the final test 
answers as quoted below.

M15 final test answers:
“First, speed up the flow of water until it 

rotates faster we can add the rotor in the ge-
nerator section, because this rotor is a rotating 
part of the generator. This rotor consists of a 
magnetic field that produces magnetic flux. Se-
cond, increase the number of coils. It is becau-
se when the spinning coil causes a change in 
magnetic flux so as to produce a current, the 
current enters the circuit with the outer circuit, 
so that the lamp turns on, because of a coil that 
can rotate through a magnetic field and pro-
duce magnetic flux. The rotating coil causes a 
change in magnetic flux so that it cuts the coil. 
This will produce a current. Like the Figure 1.

This respondent’s answer has used the 
concept clearly, linking the problem with the 
generator working principle until the reasons 
for the problem are found. The mental model 
of respondents has guided specific and expli-
cit goals. Respondents in explaining physics 
phenomena also use representations in the 
form of images, diagrams and analogies.

M22 final test answers:
“The reason why two alternative solu-

tions to the problem were taken because ac-
celerating the flow of water will cause the tur-
bine will spin faster. The faster water flow and 
turbines spinning rapidly the better the electric 
generator work (based on principle), so that 
the light produced will be maximally bright and 

there will be no more dim lights. Because ba-
sically the lights that light up with the help of 
an electric generator will also die or get to the 
minimum point (0) but we cannot see it becau-
se it is visible because the resulting frequency 
is approximately 60 Hz. It means 60 per se-
cond waves. To produce a bright enough light 
by increasing the number of coils on the elec-
tric generator it is very supportive because the 
more the number of coils will produce a large 
magnetic induction so that the current will also 
increase.”

Figure 1. Working principle of generator (M15 
student answer)

 
Respondents at this level are able to 

build a mental model by connecting the prob-
lem of lights that flash with the speed of water 
flow and turbines. Respondents are also able 
to connect the concept of waves to alternating 
current (AC) with the lights through the fre-
quency concept; able to represent mental mo-
dels macroscopically and microscopically; and 
using mathematical representations to further 
clarify the physical phenomena displayed.

The description above shows that the 
mental models of prospective physics teach-
er students on the concepts of electricity and 
magnetism are diverse. Each individual has 
their own way of building their mental model 
based on experience, analytic skills, and also 
the establishment of concepts they have. Stu-
dents build their mental models depending on 
context, are dynamic and depend on student 
groups (the initial knowledge they have). The 
data are in line with research conducted by 
Corpuz and Rebello (2011) which revealed that 
mental models are essentially dynamic and 
context dependent and depend on the expert 
and novice groups (Chi, et al, 1981). This re-
search data shows that students who have a 
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level 1 mental model do not have an establis-
hed concept and are not able to connect bet-
ween reality and their concepts. This is the im-
portance of the stage of brainstorming (Phase 
3) carried out together in groups consisting of 
heterogeneous in terms of academic ability. At 
this stage also carried out efforts to train pros-
pective physics teacher students in building, 
changing, or modifying mental models and 
using them in problem solving (mental mode-
ling ability process).

Activities in this learning program directly 
make students care about doing meta-cogni-
tion, what and how mental models can help 
in understanding problems (Mark, 2012). The 
same thing is also stated by Lee, et al (2005) 
that alternative conceptions and mental models 
as part of cognitive psychology if combined 
in science learning, will be the approach that 
produces the best learning (Lee, et al, 2005). 
Likewise the tests used in evaluating utilized 
a form of rich problem tests. This form test al-
lows students to use all their knowledge skills 
to analyze qualitatively before manipulating 
mathematical equations, connecting concepts 
in context, looking for alternatives, and evalua-
ting the solutions (Al-Diban, & Ifenthaler, 2011; 
Heller & Heller, 2010).

The program have already trained stu-
dents to produce mental models in the form of 
diagrams or other relevant forms of representa-
tion (Phase 3), reconstructing, manipulating, or 
adjusting mental models based on propositions 
or problem conditions (Phase 4). This learning 
program also trains students to reconstruct 
their approaches to problems and constant-
ly monitors the process of explaining and 
constructing their mental models, checking and 
matching their mental models and answering 
using alternative approaches if problems are 
relatively new (Phase 5). From this whole pro-
cess, it is expected that trained students solve 
problems based on H-MMA indicators/ criteria. 
This problem solving based learning strategy 
is consistent with the results of Wang (2007) 
research that applies problem-based lectures 
that have been able to increase student MMA 
on the molecular structure and Marks (2012) 
who applies problem-based learning and POE 
strategy interviews to improve students’ mental 
modeling skills on dynamic electricity topics.

The increase in student MMA is both 
in the topic of electricity and magnetism, in 
line with research conducted by Wang (2007) 
which resulted that students with novice and 
intermediate categories are more easily inter-

vened through learning than the expert group. 
Jusman (2010) in his research found that MMA 
respondents increased along with the increase 
of their academic level. This implicitly explains 
that the learning process influences the inc-
rease in the MMA category (Mansyur, 2010; 
Maloney, et al, 2008; Koponen, 2007).

The following are examples of thinking 
aloud and Interview about Event (IAE) of M22 
respondents. Transcripts of thinking aloud M22:

“[Reading the problem of number 1 elec-
tricity] ... um ... the location of the farm loca-
tion ... under SUTET (high voltage power line) 
[the student repeats but slowly while analyz-
ing the problem]. Eee .. [scratching his head 
while looking blankly in the future like thinking 
about something]. [Returns writing] compass ... 
draws a compass [silence] (the results of the 
image are shown in Figure 2). (Again watch-
ing the problem) using a compass ... using a 
compass. eeee ... we have what this is ahhhhh 
... We know that the compass ... (while looking 
around) is a tool ... (staring up) that can help 
find out the amount of current. Because of the 
increasing voltage, the ... (pause) the compass 
will be affected by the voltage because the 
compass is also affected by the voltage. So ... 
(while looking at the question closer) the elec-
tricity ... then ... the bigger the magnetic field 
... the compass will deviate, deviate ... (write) 
“this compass before it is in the location of the 
SUTET. After the location of the SUTET, the 
compass will deviate either up or down. 

 

Figure 2. Figure of compass by M22
 
M22 writes (draws) the compass after 

being in the SUTET location (drawing) Figure 
3.

“Suppose this south east is west of this 
north. Here is a deviation.”
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Figure 3. Picture of compass deviation by M22

“The images of these points are images 
of deviation from the compass needle (Figure 
3). Deviations up or down we do not know de-
pends on the source of the magnet.”

The results of the interview with M22 
also confirmed that M22 remained in its con-
crete thinking, namely compass. M22 does not 
think of the concept that “around a wire with a 
magnetic field”. The following is the quote:
Q: After you read the problem at number one 
what do you think?
M22: It’s good, sir, because it’s affected by 
magnetic fields. Because the greater the mag-
netic field, the compass gets bigger and bigger 
[...].
Q: What do you think is a solution? 
M22: I think that is a solution from me too sir...
Q: Or ... has there been any previous experi-
ence?
M22: If you don’t have experience.
Q: [...] do you also think about what concepts 
can be applied to solve the solution?
M22: I do not master the concept of sir. Still 
shallow....
M22: Yes Sir. Make what I think is a compass. 
So, I described the compass first.

Thinking aloud results and M22 inter-
views in the context of number one magnetic 
material in forming a problem solving model 
that starts with analyzing the problem context 
qualitatively along with images, always mo-
nitoring the problem solving process by mat-
ching each answer with the problem, and self-
checking the results of the work. But the model 
built at the beginning does not change when 
there is a new thought “the magnetic field is 
affected by the magnitude of the voltage” (per-
haps considered wrong), M22 remains in the 
compass as a concrete matter.

CONCLUSION 

Based on the data analysis and the dis-
cussion, it can be concluded that the learning 
program developed is able to improve MM and 
to increase the MMA of Physics teacher candi-
dates, especially the concepts of electricity and 
magnetism. A significant phase in improving 
MM is the phase of brainstorming (Phase 3). 
At this phase students are guided to form MM 
through discussions with group members. A 
significant phase in improving MMA is the pha-
se of guiding individual and group investiga-
tions based on problem solving (Phase 4) and 
the phase of evaluating problem solving results 
(Phase 5). In these two phases students are 
trained to use MM to solve problems and moni-
tor every stage of the problem solving process.
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ABSTRACT

This study presents the calculation results of the cell, and core Gas-cooled Fast Reactor (GFR) based fuel Uranium-
Plutonium Nitride  (U, Pu)N. Parameter survey results of calculations of the fuel cell consisting of a kinf, burnup level, and 
the conversion ratio and for the calculation of the reactor core produce value keff during a refueling cycle. The calculation 
was performed by using a set of SRAC program by comparing three types of fuel cell designs. Reactor Design A based 
on natural uranium could not reach criticality because of keff < 1. Design B used the enrichment of uranium-235 by 9.5% 
to reach a critical condition at keff > 1. The critical state was also achieved by Design C utilizing natural uranium, and 
plutonium 5.5% result value keff = 1.015 in the first year of burnup and continues to increase 1.083 in the tenth year without 
refueling. Moreover, plutonium can replace the uranium enrichment process. 

ABSTRAK

Penelitian ini menyajikan hasil perhitungan sel dan teras gas-cooled fast reactor (GFR) berbasis bahan bakar Uranium- 
Plutonium Nitride (U,Pu)N. Parameter Survey untuk hasil perhitungan sel bahan bakar terdiri dari kinf, level burnup, dan 
conversion ratio. Sedangkan pada perhitungan teras reaktor dihasilkan nilai keff untuk satu siklus pengisian bahan bakar. 
Perhitungan dilakukan dengan menggunakan seperangkat program SRAC dengan membandingkan tiga jenis desain sel 
bahan bakar yang berbeda. Reaktor Desain A berbasis uranium alam tidak mencapai kekritisan karena keff < 1. Desain B 
menggunakan pengayaan uranium-235 sebesar 9,5% mencapai kondisi kritis pada keff > 1. Keadaan kritis juga dicapai 
oleh Desain C yang memanfaatkan uranium alam dan plutonium 5,5% menghasilkan nilai keff  = 1,015 di tahun pertama 
burnup dan terus meningkat hingga 1,083 pada tahun kesepuluh tanpa  pengisian ulang bahan bakar. Pemanfaatan 
plutonium sebagai bahan bakar dapat menggantikan proses pengayaan pada uranium.

Keywords: Burnup; Plutonium; Cell Core; Uranium

produce the hydrogen gas at the temperature 
of 850oC (Kelly, 2014).

The source of heat energy of the nuclear 
reactor is the use of Uranium as fuel. Uranium 
generates the energy through the fission reac-
tion is shown by the equation 1 (Su’ud & Seki-
moto, 2013)

                                               
  

          (1)                                         

Uranium has three isotopes, i.e. U-238 
(99.284%), U-235 (0.711%) and U-234 
(0.005%). U-235 is fissile and can create neut-
ron directly.  However, the amount of U-235 is 
limited; so that an enrichment process is nee-
ded to boost the atom density. Also, U-238 is 
fertile which potential to be converted as fissile 
fuel by absorbing neutron in a reaction (Rooi-

INTRODUCTION

The nuclear power plant is one of the 
energy sources to supply the electricity de-
mand in Indonesia (Dewan Energi Nasional, 
2014). The affordable operating cost and the 
absence of emission are the reason for the 
rapid growth of research and development in 
the nuclear power plant today (Giraldo et al., 
2012). The attention on the development of 
Generation IV reactor, especially the helium 
Gas-cooled Fast Reactor (GFR) is needed pre-
sently (GIF, 2009). This GFR has a strength in 
its durability since it is operated in a closed fuel 
cycle using helium as a cooler. Also, it could 
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jen, 2006).
The use of Uranium as a fuel of nuclear 

power plant will generate the electrical energy 
and side product at the end of its operation. 
The side product has a potency to be emplo-
yed in another reactor to create more energy, 
for example, plutonium.

One of the fast reactor concepts to breed 
plutonium greater than its consumption is the 
Fast Breeder Reactor (FBR). Also, the waste of 
plutonium as a side product of FBR operation 
is beneficial as a fuel for other reactors (Walter 
& Reynolds, 1981).

Plutonium is generated from the absor-
bing reaction of the neutron in Uranium-238. 
Uranium-238 absorbs the neutron to be 
Uranium-239 which is converted to be Neptu-
nium-239 naturally, and finally, it generates Plu-
tonium-239. The chain of Uranium-238 burnup 
is presented in Figure 1 (Duderstatd & Hamil-
ton, 1976).

Figure 1. The chain of Uranium-238 burnup

The fission reaction of Uranium in a 
nuclear reactor generates five Plutonium do-
minant isotopes, i.e., Pu-238, Pu-239, Pu-240, 
Pu-241, and Pu-242. Only Pu-239 and Pu-241 
are fissile which could be employed as a fuel 
for other reactors (Meyer et al., 2007). 

The most important aspect in designing 
a nuclear reactor is the neutron analysis which 
is related to the neutron behavior in the reactor 
core (Ariani et al., 2013). The description of the 
physical condition of the neutron in the reactor 
core is explained by the multi-group diffusion 
equation as follows (Stacey, 2007):

The equation 2 describes the neutron 
behavior including population, distribution, 
energy, velocity, density, and the average neut-
ron flux at each energy level.

           (2)

Neutron population along the operation 
of the reactor will affect the fuel management 
and the fuel reduction during the process which 
is calculated by the equation of burnup as fol-
lows (Duderstadt & Hamilton, 1976).

           (3)

Equation 3 is a burnup calculation rela-
ted to the long-term change (day to the year) of 
the materials as a result of the nuclear reaction 
during the reactor operation. The burnup calcu-
lation is a basic of fuel management which con-
sists of the calculation of reduction and isotope 
production as a function of time. Where 
represents the missing part as a result of radio-
active decay, whereas  is a mis-
sing part because of neutron trapping, 
is the additional nuclead A as a result of decay 
from B to A, and is the change 
from C to A through neutron trapping. 

Another analysis to determine the neut-
ron population is influenced by the effective 
multiplication factor (keff), i.e.:

 
          (4)

Equation 4 has a rule of keff = 1 called as 
a critical condition where the number of neut-
ron remains constant. keff < 1 is a subcritical 
condition where there is a decline of neutron 
number. keff > 1 is a supercritical condition whe-
re neutron number increases continually. 

The objective of this research is to de-
sign the fast reactor GFR which can reach the 
critical condition, highly efficient, and durable.
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METHOD

Research stages were started by setting 
up the design parameter of GFR as shown in 
Table 1. 

Table 1. The design parameter of GFR
Parameters Specification
Thermal Power 500 MWt
Fuels

Enrichment U-235
Plutonium

Uranium-Plutonium 
Nitride (U, Pu)N
1 – 9.5%
1 – 5.5%

Cladding Stainless Steel 
(SS316)

Coolant Helium
Volume Fraction:
Fuel/Cladding/Cool-
ant 60%/10%/30%

The diameter of pin 
pitch 1.4 cm

Core geometry Silinder
Height/ Width of the 
active core 350 cm/ 240 cm

Reflector thickness 100 cm

Fuel cells consist of fuel, cladding, and 
coolant. Helium is one of the strong coolants 
compared to other inert coolants that cannot 
react with other matters (Novalianda et al., 
2016).

Figure 2. The geometry of the fuel cell

The fuel cell designed in this research 
were Design A with nature Uranium-based fuel 
cell, Design B with 9.5% Uranium-235, and 
Design C with nature Uranium added by Plu-
tonium 5.5%. The geometry of the fuel cell is 
presented in Figure 2.   

The mixture of fuel in the fast reactor 
which is based on the mixing of Uranium and 
Plutonium is Nitride. Nitride has a high melting 

temperature of 2500 oC and high thermal con-
ductivity; thus, there is a possibility of obtaining 
the relatively lower temperature difference bet-
ween the centers of fuel with the coolant.  Nit-
ride fuel is also flexible for fast reactors such 
as its high growing ratio, actinide burning, and 
the long-term terrace operation time (Meyer et 
al., 2007).

This research employed the program 
of Standard Reactor Analysis Code (SRAC) 
which has been developed by Japan Atomic 
Energy Agency (JAEA) since 1978 (Okumura 
et al., 2007). The flow diagram of the SRAC 
calculation can be seen in Figure 3.

Figure 3. The calculation of the SRAC flow dia-
gram

RESULTS AND DISCUSSION

SRAC calculation results in the GFR 
reactor were carried out by comparing the 
three reactor designs to the differences in fuel 
cells used. This fuel cell calculation is useful to 
determine the performance of one fuel cell for 
fifty years burnup so that it can later be used on 
the reactor core. Fuel cell calculations produce 
several survey parameters that have been de-
termined, namely infinitive multiplication factor 
(kinf), burnup level and conversion ratio.

The first survey parameter is kinf. kinf sta-
tes the size of the increase or decrease in neut-
ron flux, which is calculated in the absence of 
a leak factor (Hangbok et al., 2008). Changes 
in the kinf value to the burnup time are shown in 
Figure 4. 
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Figure 4. Infinitive multiplication factor (kinf) to 
the change of burnup time 

The Design A in Figure 4 shows the initial 
burnup kinf value under the critical condition of 
0.353 (kinf < 1) because the number of neutrons 
produced is relatively small. It is because the 
fuel cell used is natural Uranium which has a 
fissile density of only 0.7% of the total. Howe-
ver, as time goes by, the critical condition can 
be achieved in the fourteenth year with a kinf 
value of 1.005. The increase in kinf occurs along 
with the increase in fission products generated 
during increased burnup time. Reactor critica-
lity can be achieved in Design B and C with kinf 
values   at 1.071 and 1.076, respectively. Design 
B using Uranium-235 enrichment produced a 
fissile density of 9.5%, which means an inc-
rease of fissile material as much as 9.5% from 
the original 0.7%. This increase results in more 
neutrons produced than used neutrons. Likewi-
se with Design C that uses plutonium at 5.5%, 
can reach critical conditions in the first year of 
burnup.  

Burnup is defined as the total energy re-
leased per unit mass of fuel as a result of fuel 
combustion (Monado et al., 2013). Figure 5 
shows the change in burnup level over burnup 
time, where the burnup level value continues to 
increase as burnup time increases. The burnup 
level value for Design A in the fiftieth year is 
167 GWd / ton, meaning that in 1 ton of urani-
um fuel produces 167 GW of energy per day. 

Design B also produces the same burnup le-
vel value as Design A, because the same fuel 
used is uranium. However, if each design is 
further examined, the average results are dif-
ferent. For example, Design A has a value of 
0.085 GWd/ton and Design B at 0.084 GWd/
ton. Moreover, Design C burnup level value 
is 161 GWd/ton with average 0.082 GWd/ton, 
where the value is smaller than the other two 
designs due to differences in the composition 
of the atom density input.

Figure 5. The change in burnup level

The conversion ratio (CR) states the ra-
tio of the amount of fissile material produced 
with the fissile material consumed as shown in 
Figure 6. Design A, it shows the sharp decline 
of CR from 14.6 to 1.53. It is due to Design A 
which uses natural uranium with the fissile ma-
terial used by 0.7% which is far less than the 
amount of its material. The decrease of CR va-
lue indicates that the breeder of fissile material 
will continue to decrease during burnup time 
because the number of neutrons produced will 
be far less than the neutrons used. 

Design B has a CR value < 1 (0.99 to 
0.95) which means that the reactor consumes 
more fissile material than the other designs. It 
is due to the reduced amount of Uranium-238 
as a result of the enrichment of Uranium-235 
by 9.5%. Nuclear reactors which are projected 
to be breeding reactors must have a CR value 
> 1 (Walter, & Reynolds, 1981). Thus, the reac-
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tor only requires the intake of fertile material to 
be converted into fissile material. Furthermore, 
in Design C, the value of CR > 1 (1.79 to 1.24) 
due to two fissile materials used at the begin-
ning of burnup namely Uranium-235 and Pluto-
nium-239 so that the amount of fissile produced 
is much higher than the amount of fissile used.

Figure 6. The change in conversion ratio to the 
burnup time

Figure 7. The change of Plutonium-239 atom 
density to burnup time.

During the burnup process, Uranium-235 
will change to other elements. Likewise with 
Uranium-238 which is fertile will change into 
another element due to the fission reaction 
that occurs in the fuel cell. One of the fission 
products produced from Uranium-238 is Plu-
tonium-239 (Figure 1). As shown in Figure 7, 
Design A has the change in density of Pluto-
nium-239, which at the beginning of the fissi-
on reaction does not yet exist, until the burnup 
process runs. Plutonium-239 is created and will 
increase as long as the burnup process lasts 
for 2.7×1021 barn/cm. In Design B, the amount 
of Plutonium-239 will decrease to the 2.1×1021 
barn/cm proportionally with the decrease in 
Uranium-238 density as a result of Urani-
um-235 enrichment used. Besides, the Design 
C shows the addition of Plutonium at the begin-
ning of burnup process as much as 1.3×1021 
barn/cm and will continuously increase the 
density of Plutonium-239 atom at the end of 
burnup time to the 2.1×1021 barn/cm.

Another design of GFR during burnup 
process shows the density of Plutonium-239 
that has not been generated up to the tenth 
year of burnup time, due to Nitride Uranium 
natural fuel availability or without Uranium-235 
enrichment done (Ariani et al., 2013).

The results of the calculation of the fuel 
cell will be used for the calculation of the reac-
tor core, where the reactor core is composed 
of a collection of several fuel cells. This core 
calculation is carried out in one fueling cycle 
for ten years without refueling. The survey pa-
rameters observed were effective multiplication 
factors (keff), namely the ratio of the number of 
neutrons from one generation to neutrons in 
the next generation (Liem et al., 2008).

Figure 8 shows the change in keff value to 
burnup time. Design A has keff value < 1 that is 
0.332 in the first year burnup, then the reactor 
has not reached its critical condition. Design B 
reactor has reached a critical state with keff va-
lue > 1 (1.008 to 1.051) with an excess reacti-
vity of 0.031 %.

According to Su’ud and Sekimoto (2013), 
the criticality of the GFR reactor was also achie-
ved in the GFR design with 800 MWt of urani-
um nitride fueled power using a CANDLE bur-
nup strategy yielding a keff value of > 1 (1.002 to 
1.007). Other studies on the GFR reactor de-
sign can also reach critical conditions at keff > 
1 (1.001 to 1.050) using natural nitride uranium 
for ten years of refueling (Ariani et al., 2013).
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Figure 8. Effective multiplication factor (keff) to 
burnup time change

Excess reactivity states that there is an 
excess reactor reactivity due to an increase in 
keff value in the reactor core. In Design B, even 
though it reaches the critical condition of the 
reactor with a keff value > 1; however, the CR 
value is < 1 as shown in Figure 6. It means that 
the amount of fissile material produced is smal-
ler than its consumption. This condition implies 
that the increase in burnup time, the fuel used 
will run out. Based on Design C, the reactor 
also reached the critical state at keff > 1 (1.015 
to 1.083) with 0.047 % excess reactivity. This 
reactor can continue to operate due to the ratio 
of neutrons produced to the neutrons used is 
> 1.

CONCLUSION

The design of (U, Pu) N fuel-based GFR 
with a volume fraction consisting of 60% fuel, 
10% cladding and 30% coolant produced a keff 
value > 1 (1.015 to 1.083) with an excess re-
activity of 0.047 %. This reactor can operate 
for 10 years without a refueling process due 
to the ratio of neutrons produced to the neu-
trons consumed is > 1. The fission product of 
Uranium-238 is Plutonium-239 which can be 
reused as reactor fuel. The use of plutonium 
as a fuel can replace the enrichment process 
in Uranium-235.
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ABSTRACT

One of the renewable energy storage systems that can be used today is the aluminum ion battery. In this 
study, aluminum foil was used as anode, polyetylene polyprophylene (PE/PP) as separator, electrolyte from 
AlCl3/[EMIm]Cl and graphite coated corncob, an activated charcoal, as cathode. Coating method of cathode 
materials was done by mixing both graphite and activated charcoal with varied composition 1:0.5, 1:1, 
1:1.5, and 1:3. The coating process began by mixing the graphite and corncob with ethanol as a solvent 
for six hours, then heating in an oven at 80 °C for three days, gradual drying in a furnace at 350 °C for five 
hours and sintering at 600 °C for six hours. From this research, SEM results showed that carbon particles 
were evenly distributed, with spherical particles. The spherical shape was the main requirement of carbon 
formation in order to produce high energy. Based on the results, battery potential was 2.54 V with average of 
optimal capacity at a ratio of graphite and corncob activated charcoal 1:1.5 was 83.067 mAh/g. The highest 
efficiency was also at a ratio of 1:1.5 of 97.20%, because at this ratio, there was an increasing in percentage 
of element C 91.74%, greater than the percentage of element C on the other three cathode samples.   

ABSTRAK

Salah satu  sistem penyimpan energi terbarukan yang bisa digunakan saat ini adalah baterai ion aluminium. 
Pada   penelitian ini digunakan aluminium foil sebagai anoda, polyetylene polyprophylene (PE/PP) sebagai 
separator, elektrolit menggunakan AlCl3/[EMIm]Cl dan grafit terlapisi arang aktif tongkol jagung sebagai 
bahan katoda. Metode pelapisan bahan katoda dilakukan dengan mencampurkan grafit dan arang aktif 
dengan variasi komposisi 1:0,5, 1:1,1:1,5 dan 1:3. Proses pelapisan diawali dengan pencampuran grafit 
dan arang aktif tongkol jagung dengan ethanol sebagai pelarut selama enam jam kemudian pemanasan di 
oven pada suhu 80oC selama tiga hari, pengeringan bertahap di furnace pada suhu 350oC selama lima jam 
dan sintering pada suhu 600oC selama enam jam. Dari penelitian ini didapatkan hasil SEM menunjukkan 
bahwa partikel karbon terdistribusi merata, dengan bentuk partikel bulat (sphare).Sampelberbentuk bulat 
atau sphere merupakan syarat utama pembentukan karbon supaya dapat menghasilkan energi tinggi. 
Berdasarkan hasil uji baterai diperoleh potensial sebesar 2,54 Volt dengan rata-rata kapasitas optimal terjadi 
pada rasio grafit dan arang aktif tongkol jagung 1:1,5 sebesar 83,067 mAh/g. Efisiensi tertinggi juga terjadi 
pada rasio 1:1,5 sebesar 97,20%. Hal ini karena pada rasio 1:1,5 terjadi peningkatan persentase unsur C 
yakni 91.74% lebih besar dari persentase unsur C pada tiga sampel katoda yang lainnya.

Keywords: Aluminum Ion Battery; Corncob Activated Charcoal; Coating; Cathode; Graphite

batteries. 
Battery is electrochemical cells that pro-

duces a constant voltage from the electroche-
mical reaction. Battery is an electronic device 
that converts chemical energy into electrical 
energy. The battery has two electrodes in which 
a chemical reaction will take place by inocula-
ting an electron. Both the anode and cathode 
electrodes are connected with a solution called 

INTRODUCTION

Battery is one of the need for human in 
energy storage. The development of renewab-
le energy for power generation and transpor-
tation requires energy storage in the form of 
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the electrolyte where ion could move in it. The 
movement of these electrons will produce an 
electric current as a source of energy for elec-
tronic equipment (Sagir & Mohd, 2011). 

On an aluminum-based battery, the ano-
de is one of the most important components. 
Theoretically, the generated voltage depends 
on the metal type of its anode. This difference 
is based on the standard potential energy value 
of each metal (Vincenzo & Benedetko, 2014). 

Aluminum acts as an anode on the bat-
tery, so this battery is named as an aluminum 
ion battery. The aluminum will oxidize resulting 
and electrons. Then, this electron   will move to-
wards the cathode. The movement of electrons 
to the cathode will produce electrical energy 
(Modesto & Julie, 2007). The aluminum battery 
is described as a battery that has high enough 
potential. This battery can be applied in vario-
us fields of application including in the military 
field. This is because aluminum batteries have 
a pretty good advantage such as light and 
rechargeable power (Rao et al., 1992) 

One type of cathode used in aluminum-
based batteries is graphite or three- dimensio-
nal grafit foam (Meng-Chang et al., 2015). In 
addition, other types of cathodes used in alu-
minum-based battery systems consist of three 
main components: porous carbon, catalysts 
and binder polymers (Jang et al., 2011). 

This study used graphite coated with 
porous carbon contained in corncob activated 
charcoal as cathode. The porous carbon based 
on the structure pattern is an amorphous car-
bon material composed largely of free carbon 
and has an inner surface, thus having a high 
absorptive capacity (Alfathoni G., 2002). Acti-
vated carbon has a good absorption capacity 
to the solution and gas, activated carbon is one 
of the most frequently used adsorbents in the 
adsorption process. This is because the activa-
ted carbon has better absorption and surface 
area than other adsorbents (Walas, 1990). The 
nature of the activated carbon may be used as 
an electrode or as a gas absorbent medium to 
perform electrochemical processes on alumi-
num-based batteries (Yugang, 2013). 

In addition, the use of activated char-
coal as a coating of graphite material in anode 
making due to activated charcoal is one of the 
leading raw materials to increase storage capa-
city of a battery. So in this study, cathode was 
prepared with carbon source from amorphous 
carbon-coated graphite from corncob activated 
charcoal so that it can improve storage perfor-
mence of aluminum ion battery. 

The purpose of this study are: first, to 
know the effect of variations in graphite compo-
sition coated with corncob activated charcoal 
on microstructure of cathode material; second, 
to determine the effect of variations in graphite 
composition coated by corncob activated char-
coal on quality of graphite coating; and the last, 
to know the influence of variation in graphite 
compostion coated by corncob activated char-
coal on the performance of aluminum ion batte-
ry (battery capacity and battery efficiency) 

METHOD

This research was an experimental re-
search conducted at Analytical Technique La-
boratory of Mataram University and Battery 
Laboratory of Physics Research Center (PRC) 
– Indonesian Institute of Science (IIS) Serpong 
Tanggerang Selatan. In this research, there 
were several stages of activity or workmanship, 
namely cathode material synthesis, material 
characterization, slurry making, sheet making, 
calendering and cutting Sheets, drafting to bat-
tery life, and battery performance testing. 

Synthesis of Cathode Material 
The first step in this research was the 

preparation of cathode materials for aluminum 
ion batteries. The synthesis process of graphite 
material was done by mixing method (graphite 
and corncob activated charcoal ) with 50 mL 
ethanol on a hot plate at a temperature of 80°C 
hot plate and spun at 200 rpm for six hours. 
Afterwards, the sample was stored in an oven 
80°C to remove the water content for three 
days until gel deposits was formed in the above 
prior to heat at 350° C for five hours called 
degradation process. Degradation process is 
a reaction of chemical change or decomposi-
tion of a compound or molecule into a simpler 
compound or molecule gradually. Heating for 
the release of hidrogen, so only remaining car-
bon in the sample. Next, resulting sample was 
crushed and reheated at 600o C sintering tem-
perature for four hours, this was called the car-
bonization process. Carbonization is a process 
whereby the oxygen and hydrogen elements 
are removed from the carbon and will produce 
a carbon framework having a specific structure. 

 
Material Characterization 

The samples of the material have been 
made and characterized by using Scanning 
Electron Microscopy (SEM) Hitachi SU3500 
brand with tungsten as the source of electron 
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to observe the morphology and particle size. 

Aluminum Ion Battery Making 
Battery making was done in several sta-

ges. The first stage, slurry making, prepared 
graphite coated corncob activated charcoal 
sample  with variation of composition (1:0.5, 
1:1, 1:1.5, 1:3), PVDF (Polyvinylidene Fluori-
de), AB (Acetyllene Black), and DMAC (NN Di-
methyl Acetamid) according to the composition 
of 85%:10%:5% and DMAC ± 12 mL. PVDF 
powder acted as a binder, AB acted as an ad-
ditive and DMAC acted as a solvent, then the 
hot plate to be used to make the slurry set with 
a temperature of 70o C with rotation of 150 rpm. 
First, mixed DMAC with PVDF at hot plate with 
magnetic stirrer inside beaker glass until clear 
then put AB into DMAC and PVDF solution 
slowly until well mixed. After being well mixed, 
inserted graphite coated corncob activated 
charcoal slowly and left mixed over hot plate 
until the desired slurry was formed ± 1.5 hours. 

The second stage, sheet making, put 
Cu-foil over the doctor blade and vacuumed it, 
then Cu-foil was cleaned by acetone. The thick-
ness of the doctor blade was measured with a 
thickness gauge of 0.2 mm and then poured 
slurry on Cu-foil little by little and doctor blade 
was run at speed of ± 6-7 rpm until Cu-foil was 
perfectly coated by slurry. After finished, then 
graphite anode sheet was dried on a dry box at 
temperature of 80o C until dried (± 1 hour). 

The third stage, calendering, which in-
clude part of the sheet making process. Calen-
dering was the process of pressing the sheets 
using a roll consisting of two tubes to ensure 
that the sheets did not fall out and were already 
sealed. 

The fourth stage, cutting, the process of 
cutting the sheets for further used as an alumi-
num ion battery cathode. This cut was formed 
a circle with a diameter of 1.5 cm. 

The last stage, battery assembly, prepa-
red tools and materials needed then arranged 
in sequence from the base (can), spaser, ano-
de, separator, and cathode. The used cathode 
was graphite coated with corncob activated 
charcoal and separator in the form of polyetyle-
ne polyprophylene (PE/PP). Dropleted electro-
lyte AlCl3/[EMIm]Cl 2 M until the entire surface 
was exposed by electrolyte liquid, then placed 
spaser above it, next wave spring. Finally sea-
led with a seal and sealing  chassing perfectly 
to cover it tightly. Left for one day before tested 
using battery analyzer (MTI) 

Figure 1. Design of aluminum ion battery (coin 
cell). 

 
Battery Testing Process 

Battery testing was done using a battery 
analyzer (MTI) with the first step,  put the batte-
ry in the terminal on the battery analyzer (the-
re were 8 channels ). Then the BST8 software 
application (battery system test 8) was opened 
and ensured the software was connected to 
the battery analyzer. Next the battery parame-
ters was set by right click and select startup. 
The parameters set included: constant current 
discharge/discharge current limit condition, 
constant current charge/current charging limit 
condition, Constant voltage charge/charging 
limit condition, Cycle/number of cycles and 
rest / break time. Then pressed Ok, the battery 
analysis process run to completion according 
to how many cycles were set. 

 
RESULTS AND DISCUSSION

The graphite synthesis of corncob acti-
vated carbonated was carried out with four va-
riations of composition ie 1:0.5, 1:1, 1:1.5, and 
1:3 used as cathode materials on aluminum ion 
batteries. This research was conducted by se-
veral stages. The first stage was making of cat-
hode from graphite coated corncob activated 
charcoal then identify its micro structure with 
SEM/EDX. The next step was the preparation 
of batteries include making slurry, sheet ma-
king, until battery assembly. Electrochemical 
characterization using MTI. 

Characterization of microstructure using 
SEM (Scanning Electron Microscopy) 

The microstructures of graphite particles 
were characterized using Hitachi SU3500 SEM 
with Energy Dispersive X-ray (EDX). The re-
sults of SEM of the sample were shown in Fi-
gure 2 . 
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Figure 2. shows photos SEM result of 
pure graphite and graphite coated activated 
charcoal with a variation of 1:0,5, 1:1, 1:3 com-
position. Observations were made at 2500 
magnification times so that the morphology of 
the particles could be seen clearly. 

 
Table 1. Average grain size of pure graphite 
samples and variations of graphite composition 
with activated charcoal . 

Sample Composition Average grain 
size (μm) 

A 1:0,5 108,518 
B1 1:1 128,74 
B2 1: 1,5 93,228 
B3 1:3 103,161 

Table 1. shows pure graphite with avera-
ge grain size of 108.518 μm will change after 
coated with activated charcoal. The smallest 
grain size is present in the graphite sample 
which is coated activated charcoal on a 1:1 
composition. 

Table 2. The distribution of carbon (C) and oxi-
gen (O) in pure graphite samples and graph-
ite coated activated charcoal with composition 
1:0.5, 1:1, 1:1,5, 1:3. 
Sample Content Weight% Atomic% 

A 
CK 89.45 91.86 
OK 10.55 8.14 

B1 
CK 91.35 93.36 
OK 8.65 6.64 

B2 
CK 91.74 93.67 
OK 8.26 6.33 

B3 
CK 83 .35 91.36 
OK 16.5 8.64 

 
The result of SEM test on graphite co-

ated activated charcoal with varied composi-
tion in photo scanning with 2500 times magnifi-
cation. Spherical shape is the main condition of 
carbon formation for producing a high energy. 
Composite of metal elements with higher ato-
mic numbers will result in lighter/brighter color 
than the constituent metal elements with lower 
atomic numbers. 

 
(a) (b)

(c) (d)

Figure 2. The result of SEM (a) graphite coated activated charcoal 1:0.5, (b) 1:1, (c) 1:1.5, and 
(d) 1:3. 
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The largest weight of carbon is shown 
in the variation of graphite composition with 
activated charcoal is sample B2 (1:1,5). This 
shows that in this sample formed the perfect 
carbonization at the time of sintering so that O 
more released and left only C, otherwise the 
sample B3 (1:3) has less distribution element 
C this shows that in this sample has not yet 
formed a perfect carbonization during sintering 
so that O has not much to detached. 

 
Aluminum Ion Battery Performance Analy-
sis Battery Capacity 

The capacity of an aluminum ion battery 
with an initial potential of 2.54 V is shown by 
the following Figure 3. 

Figure 3 . Battery capacity per cycle. 
 
The average battery capacity of samp-

le A was 39.75 mAh/g, sample B1 was 65.95 
mAh/g, sample B was 82.09 mAh/g, and samp-
les B3 was 37.67 mAh/g. Figure 3 shows the 
greatest capacity occurring in sample B2 with 
a capacity of 95.37 mAh/g at the 4th cycle and 
its capacity drops to 73.203 mAh/g at the 20th 
cycle. This is proportional to the carbon per-
centage in Table 2. The lowest capacity occurs 
in the sample B3 of 25,509 mAh/g at the 18th 
cycle. 

 
Battery efficiency 

Battery efficiency is obtained from ca-
pacity test data during charge and discharge 
process. The value of battery efficiency was 
obtained from the comparison of discharge and 
charge capacity.

Average of battery efficiency in sample A 
was 96.53%, sample B1 was 68.74%,  sample 
B2 was 97.20%, and sample B3 was 93.37% 
at 20 cycles. So the battery samples of A, B2, 
and B3 tend to have longer lifetime than battery 
sample B1, where battery B1 sample will run 
out faster in its application. 

Figure 4 . The efficiency of the battery.

CONCLUSION

In this study we can conclude that the 
effect of variation in composition of graphite 
coated by corncob activated charcoal on the 
quality of graphite coating is shown by SEM 
analysis. The coating will change the average 
grain size and distribute the carbon particles 
well, with spherical shape. 

The capacity of aluminum ion batteries 
with a potential of 2.54 V shows an increase 
that is proportional to the increase in the per-
centage of carbon on the cathode sample. Ave-
rage of optimal capacity occured in the ratio of 
graphite and corncob activated charcoal 1:1.5 
of 83.067 mAh/g. The highest efficiency also 
occurred at a ratio of 1:1.5, i.e. 97.20%. 

Further research can be done by using 
variation of graphite composition with activated 
charcoal besides corncob active charcoal with 
the same composition that is 1:0,5, 1:1 , 1:1,5 
and 1:3. Besides, higher sintering temperatu-
res gives better results. 
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ABSTRACT

Tanjung Region is one of the severely damaged areas by the Lombok earthquake on June 22, 2013. 
Therefore, to anticipate the similar events, it is necessary to perform microzonation in this region. Objective 
of this study is to map the distribution of the physical quantities related to the vulnerability of area included 
the frequency characteristics, amplification factor, and soil vulnerability index. The results showed that the 
value of the resonant frequency in this region ranged from 0.401 to 16.92 Hz. In general, the lower frequency 
was 0.40 to 5.91 Hz contained 87 data (71%) were located in the north of the region, which meant that 
that area has a high vulnerability. While based on the H/V amplitude and vulnerability index, the zone that 
suffered severe damage on the earthquake of June 22, 2013, showed a different uncertainty of amplification 
and vulnerability index value.  

ABSTRAK

Wilayah Tanjung adalah salah satu daerah yang mengalami rusak parah akibat gempa Lombok pada 
tanggal 22 Juni 2013. Oleh karena itu, untuk mengantisipasi kejadian serupa, maka perlu untuk melakukan 
mikrozonasi di daerah tersebut. Tujuan dari penelitian ini adalah untuk memetakan distribusi besaran 
fisis yang terkait dengan kerentanan suatu daerah terhadap gempa bumi yang meliputi frekuensi respon, 
amplitudo getaran tanah dan indeks kerentanan tanah. Hasil penelitian menunjukkan bahwa nilai frekuensi 
resonansi di wilayah ini berkisar antara 0,401-16,92 Hz. Secara umum, frekuensi respon di daerah ini rendah 
yaitu 0,40-5,91 Hz dengan jumlah 87 data (71%) yang terletak di utara dari wilayah tersebut, yang berarti 
bahwa bagian utara wilayah memiliki kerentanan yang tinggi. Meskipun berdasarkan nilai amplitudo H/V dan 
indeks kerentanan, daerah yang mengalami kerusakan parah saat gempa 22 Juni 2013 menunjukkan pola 
amplifikasi dan indeks kerentanan yang sangat tidak biasa. 

Keywords: Microtremor; HVSR; Nakamura; Seismic hazard; Microzonation; Tanjung; Lombok 

hazard assessment, the site effect is typically 
represented by frequency of resonance and 
the associated ground motion amplification. 
Several methods  such as array data analysis 
and horizontal to vertical spectral ratio (HVSR) 
refer to the site in estimating such parameters. 
On the other hand, the use of ambient vibra-
tion records for determining the fundamental 
resonant frequency has recently gained world-
wide acceptance. It is well known that soil de-
posits amplify ground motion. The amplification 
depends on several factors including layer’s 
thickness, the degree of compaction and age 
(Bonnefoy-Claudet, et al., 2006), (Syamsud-

INTRODUCTION

It has been observed that the damage as 
the result of the earthquake, is not only asso-
ciated to a magnitude of the earthquake and 
its epicentral distance but also caused by the 
effect of the topographic and geological condi-
tion of the site. The reaction of the local geolo-
gical conditions to the incoming seismic energy 
is known as the site response or local site ef-
fects (Fernandez & Brandt, 2000). For seismic 
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din, Probopuspito, Sartohadi, Suryanto, & Adhi, 
2014). One of the many reasons for choosing 
the ambient noise as widely accepted method  
by several researchers is that it allows the quick 
and reliable estimation of site characteristics of 
any area. Apart from being a cost-effective me-
asure, it reduces time compared to evaluating 
site characteristics from an earthquake which 
has always been a time-consuming as well as 
an expensive process so far as the maintenan-
ce of equipment and human resources is con-
cerned.

So many research in utilizing this H/V ra-
tio estimation  the fundamental frequency of am-
bient vibrations in urban environments (Lebrun, 
Hatzfeld, & Bard, 2001), (Guillier, Chatelain, 
Claudet, & Haghshenas, 2007), (Garcia-Jerez, 
et al., 2007). The proximity of fundamental fre-
quency for resonance effects causes damages 
to a site of the existing man-made structures. 
Therefore, investigation of each site condition 
is an important step towards earthquake ha-
zard mitigation  (Rusilowati, Supriyadi, & Mu-
lyani, 2012).

Indonesian Lesser Sunda,  where Lom-
bok Island is located has been proclaimed as 
one of the most tectonically active regions in 
the world. Two recent destructive earthquakes 
were one in 2004 and the other in 2013 had 
already ripped  through this region. One of the 
most striking features of Lombok Island Regi-
on, Indonesia that most of its cities and densely 
populated settlements are located in the valley, 
sedimentary basins or hills, etc. The objective 
of this research is site characterization of Tan-
jung Region regarding resonant frequency, site 
amplification, etc. using H/V spectral ratio met-
hodology (Nakamura Y. , 1989), (Nakamura Y. , 
2000) as modified by (Bard, 1999).

Geology and Seismicity of the Study Area
Lombok Island is one of a small island in 

the archipelago of Nusa tenggara, Indonesia, 
tectonically is an area with very high seismic 
activity level. This is due to its position as the  
adjacent of the collision zone between the Eu-
rasian and Indo-Australian Plate in the Indian 
Ocean where the Indo-Australian plate subduc-
tion rate is under the Eurasian plate of about 
71 mm/year. As a result of the collision of the 
two plates, appear back arc thrust in the North 
of Lombok Island which is an active shallow 
earthquake generator from Bali to Flores and 
is very powerful and destructive. Based on the 
data from USGS, since 1973 to 2015 there has 
been more than 2400 earthquakes, and some 

of them are destructive earthquakes (Fig. 1).
There were two recent destructive earth-

quake which occurred in the Lombok Island. 
First was the West Lombok earthquake on Ja-
nuary 24, 2004, with the epicentre at 8.26oS 
and 115.79oE and depth of 33 km and 6.2 SR 
scale (IV MMI scale), this earthquake causing 
victims 30 people injured and 2,241 houses 
were damaged. The second one was North 
Lombok earthquake which occurred on June 
22, 2013, with the epicentre at 8.43oS and 
116.04oE (about 14 km north-west of Lombok 
Island) and depth of 10 km and 5.4 SR scale 
(III-IV MMI scale) with victims 44 people injured 
and 5,370 houses were damaged (Anonym, 
2013).

Figure 1. Seismicity map of Lombok Island and 
surrounding region.

Figure 2. Geological map of Lombok Island.
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Figure 3. Location of survey.

The lithology of Lombok Island is compo-
sed of sediment which is relatively young with 
Tertiary to Quaternary age (Manga, Atmawina-
ta, Hermanto, & Amin, 1994). Rocks in Lombok 
island are dominated by volcanic rocks, consis-
ting of volcanic breccia, lava, and sandstone. 
Some places are covered by sediment quarter 
which is relatively young and unconsolidated 
(Fig. 2). In the eastern part of  Lombok Island, 
the tertiary rocks forms are composed of brec-
cias, lavas, tuffs, etc. In the west, which is an 
alluvial area, the rock arrangement is compo-
sed of  alluvial or loose rock such as sand, 
gravel, and mud,  where in the northern part of 
the rock area, consists of Quaternary volcanic 
rocks precipitated from Rinjani volcano. The 
rocks are loose, especially around Rinjani Vol-
canic area. The sediment layer is quite thick, 
which cover nearly two-thirds of the Lombok 
island (Agustawijaya & Syamsuddin, 2012).

METHOD

Microtremor Survey
In this study, microtremor measurements 

was carried out in the Tanjung Region, North 
Lombok District (Fig. 3). Measurements were 
made for 15 days (June 25 to July 9, 2015) with 
the number of points as much as 123 point of 
measurement. The model of Seismometers 
used was the LE-3D/20s with three compo-
nents of speed sensor (Lennartz Electronic) 
connected to data logger series DI-710 (Data 
Instruments) along with Windaq Professional 
software as the acquisition partner. The utili-
zed speed sensors had a natural frequency of 
0.05 Hz and could measure the vibration of the 
three components of one vertical and two ho-
rizontal directions. The frequency response to 
the tool was 0.05 to 40 Hz. Data recording was 
performed with a sampling rate of 100 samp-
les per second with a duration measurement of 
20 to 60 minutes. The survey area on-gird with 

a spacing of 500 meters. The position of each 
measuring point was determined by GPS.

The seismometer was placed on a con-
crete or tar-sealed surface, but in cases where 
only grass or soft surface soil was available, a 
removable concrete pad was used as a base 
to remove any resonance involving the seismo-
meter and the ground (see fig. 4). 

Figure 4.  Setting of seismometer at ground 
surface

To ensure the reliability of noise recor-
ding,  the guidelines proposed by (Koller, et 
al., 2004) was used as guidance in the frame-
work of SESAME. Besides, quiet environment 
& good weather condition had been the prime 
requisite for executing this data acquisition pro-
cess. At each field measurements location, the 
sheet was filled in which described the time, 
date, operator name, coordinates, etc. of the 
area onset and the duration of the measure-
ment.

Microtremor H/V analysis
Data were processed by applying the 

horizontal to vertical (H/V) spectral ratio met-
hod, using the GEOPSY software package 
(www.geopsy.org). In pre-processing, all data 
were converted to SAF format (SESAME AS-
CII Format). HVSR at each site was computed 
with the following steps (Duval, et al., 2004): 
(1) Offset removal (baseline correction). Since 
similar sensors are used for all the three com-
ponents, therefore no instrumental correction 
has been applied; (2) filtering the band-pass 
with a frequency ranging from 0,02 to 20 Hz; 
(3) Determining the stable time windows in the 
20 s length and removing time windows con-
taminated by transients using an anti-trigger 
algorithm. This  assured that only the coherent 
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constituent of microtremors were included and 
the transient was discarded. This was perfor-
med to obtain the comparation between short 
term average (‘STA’, the average level of signal 
amplitude over a short period of time, 1 s) and 
long-term average ‘LTA’ (the average level of 
signal over a much longer period of time, 30 
s). Only windows with threshold ratio STA/LTA 
from 0.3 to 2.5 was used for computing the 
H/V. (4) For each time window, a 5% cosine ta-
per function was applied on both sides of the 
window signal of the Vertical (V), North-South 
(NS) and East-West (EW) components; (5) The 
Fourier spectra were calculated for each time 
windows of the three components to obtain the 
three spectral amplitudes using the Fast Fou-
rier Transform (FFT) and smoothed with using 
Konno-Ohmachi filter with constant bandwidth 
of b=40 (Konno & Ohmachi, 1998). (6) Finally, 
the Fourier amplitude ratio of the two horizontal 
Fourier spectra and one vertical Fourier spect-
rum were obtained using Equation (1):

( )
( ) ( )

( )
NS EW

Z

S f S f
r f

S f
×

=                           (1)

Where r(f) is the horizontal to vertical 
(H/V) spectrum ratio, SNS(f) , SEW(f) and SZ(f) 
are the Fourier amplitude spectra in the NS, 
EW and Vertical directions, respectively. 

After obtaining the H/V spectra for the 
selected segments of the signal, the average of 
the spectra was obtained as the H/V spectrum 
for a particular site. The same procedure was 
repeated at all locations. The peak of the H/V 
spectral plot showed the predominant frequen-
cy of the site and the H/V amplitude. Additio-
nally, calculation of standard deviation for each 
point was performed earlier.

RESULTS AND DISCUSSION

The main results obtained in this study 
is the resonance frequencies (f0) of the site-
sedimentary geology (site-soil columns) and 
the correspondence of relative site-amplifica-
tion factor (A0) derived from the amplitude of 
spectral ratio values.

Figure 5.  Map of the resonance frequency (f0) 
for Tanjung Region.

Figure 5 shows a map of the resonan-
ce frequency of land vibration in the of Tanjung 
Region, North Lombok. The ground vibration 
frequency values was corresponded with the 
thickness of sediment constituent in the regi-
on. Based on the map showed that the value of 
the vibration frequency of the soil ranged from 
0.403 Hz to 16.890 Hz. 

The vibration frequency in low land was 
f0= 0.403-2.471 Hz, symbolized by the red 
color. Therefore, the value of the frequency 
was inversely proportional to the value of the 
ground vibration period, as it could also be re-
garded as ground vibrations with a very long 
period, the very low vibration frequency of the 
soil was generally associated with very thick 
sediment. The low vibration frequency with f0 = 
2.471-4.735 Hz, which was symbolized by the 
brown color, associated with long periods of 
vibration, which could be interpreted as a thick 
sediment. The frequency of the vibration to the 
value of f0 = 4.735-6.869 Hz, symbolized by 
the yellow color, associated with periods of mo-
derate ground shaking, interpreted as a rather 
thick layer of sediment. High-frequency vibrati-
on to the value f0 = 6.869-9.519 Hz, which was 
symbolized by the light green color, associated 
with short periods of ground vibrations, which 
could be interpreted as a thin sediment. The 
very high vibration frequency with a value f0 = 
9.519-16.890 Hz, which was symbolized by the 
green color, it is associated with a very short 
period of vibration, which could be interpreted 
as a very thin sediment.
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Figure 6. Map of the amplification factor (A0) 
for Tanjung Region.

Figure 6 showed the map of the ground-
shaking amplification in the Tanjung Region, 
North Lombok. The amount of vibration was 
related to the nature of the soil compaction or 
hard-soft sediments that made up the region. 
The amount of ground vibration amplification 
ranged from 1.558 to 13.219. To simplify the 
analysis and interpretation, the vibration amp-
lification value of land in this map was divided 
into five classes as follow: very low Amplificati-
on of ground vibrations with A0 = 1.558-5.124 
represented by the green color, associated with 
very compact sediment. Lower amplification of 
ground vibrations with A0 = 5.124-6.085, de-
picted with light green color, was associated 
with hard sediment.  Amplification of 
ground vibrations with A0 = 6.085-7.045, rep-
resented by the yellow color was associated 
with soft to hard sediment. High amplification 
of ground vibrations with A0 = 7.045-8.417, 
illustrated by a brown color,  associated with 
soft sediments. Very high amplification ground 
vibrations with A0 = 8.417-13.219, which was 
depicted in red, associated with a very soft se-
diments that generally consist of soft clay.

Figure 7 showed the map of the vulnera-
bility index in the surface in the Tanjung Regi-
on, North Lombok. The value of land vulnera-
bility index was related to sediment thickness 
and compacting properties or hard-soft sedi-
ments in the region. The value of this land vul-
nerability index ranged from 0.169 to 95.873. 
To simplify the analysis and interpretation, the 
vulnerability index value of land in this map was 
divided into five classes as follow: (a) The va-
lue of vulnerability index of very low with Kg = 

0.169-12.226, represented by the green color, 
was generally associated with very thick and 
very hard sediments. (b) The values of vulne-
rability index of lower land with Kg = 12.226-
23.907, were depicted with light green color, 
generally associated with thick and hard sedi-
mentary. (c) The value of vulnerability index of 
land with Kg = 23.907-39.732, which was de-
picted in yellow, associated with thick and hard 
sediment. (d) The value of vulnerability index of 
land with Kg = 39.732-59.701, which was de-
picted with a brown color, associated with thin 
and soft sediments. (e) The value  of vulnera-
bility index  of land with Kg = 59.701-95.873, 
which was depicted in red, associated with very 
thin and soft sediments.

Figure 7. Map of the seismic vulnerability index 
(K0) for Tanjung Region.

CONCLUSION 

Based on the description of the results 
and discussion above,  some conclusions can 
be state that the values of the natural ground 
frequency ranged between 0.403 Hz to 16.890 
Hz. The distribution pattern of the natural fre-
quency value of ground in of Tanjung Region 
tend to have a regular pattern where the nort-
hern part of the zone has the lower value and in 
the southern area has a high-frequency value. 

The value of amplification of land in 
Tanjung Region ranged from 1.558 to 13.219. 
The distribution of the value of the amplifica-
tion tend to have a regular pattern where the 
northern zone had a lower value (safer to be 
occupied), while the southern part of the area 
has a higher value of amplification (less safe 
for occupancy).
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High amplification – very high regions  
zones that suffered severe damage when an 
earthquake ocurred in Lombok on June 22, 
2013, namely Gol Village and Orong Kopang 
Village in Desa Medana and Karang Nangka 
village, Tanjung.

The value of vulnerability index of the 
land in Tanjung Region ranged from 0.169 to 
95.873. The value distribution of the vulne-
rability index of the land tend to have a regu-
lar pattern similar to the map of northern part 
where the amplification value in this zone was 
low, while the southern part of the region had a 
higher ground vulnerability index. When com-
pared to the building’s damage pattern caus-
ed by the earthquake in  Lombok on June 22, 
2013 to, the vulnerability index map also had a 
positive correlation.

There was a positive correlation between 
the map of ground shaking amplification and 
ground susceptibility index with a pattern of da-
mage caused by the earthquake of Lombok on 
June 22, 2013.
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ABSTRACT

The purpose of this research is to identify the effectiveness of the first basic physics practice module based 
on guided inquiry on improving students’ hard skills and soft skills. The experimental design is "One Group 
Pretest-Pottest Control Groups Design". The samples of the research are the students who take the first 
basic physics practice. Data analysis techniques were effect size and gain score. Based on the result of the 
research, it was found that the improvement of hard skills and soft skills of the students reached 0.49 and 
0.61 which was categorized as moderate. For effect size obtained data of 2.65 and 3.61 for hard skills and 
soft skills are categorized very high. It can be concluded that the effectiveness of the use of the first basic 
physics practice module based on guided inquiry is very significant to improve hard skills and soft skills of 
the students.  

ABSTRAK

Tujuan penelitian ini untuk mengidentifikasi keefektifan penggunaan panduan praktikum fisika dasar 1 
berbasis guided inquiry terhadap peningkatan hard skills dan soft skills mahasiswa. Desain eksperimen yang 
digunakan adalah One Group Pretest-Postest Control Groups Design. Sampel penelitian adalah mahasiswa 
yang menempuh praktikum fisika dasar 1. Teknik analisis data yang digunakan adalah effect size dan gain 
score. Berdasarkan hasil penelitian diperoleh peningkatan hard skills dan soft skills mahasiswa mencapai 
0.49 dan 0.61 yang berkategori sedang. Hal ini menunjukkan bahwa penggunaan panduan praktikum 
fisika dasar 1 dapat meningkatkan hard skills dan soft skills mahasiswa. Untuk uji effect size diperoleh 
data sebesar 2.65 dan 3.61 untuk hard skills dan soft skills yang berkategori tinggi. Dari hasil penelitian 
dapat disimpulkan bahwa kefektivitas penggunaan modul panduan praktikum fisika dasar 1 berbasis guided 
inquiry sangat efektif untuk meningkatkan hard skills dan soft skills mahasiswa.  

Keywords: Guided Inquiry; Hard Skills; Soft Skills

Curriculum development is very im-
portant to improve the quality of education in 
order to produce graduates who are compe-
tent in their field. The curriculum development 
should encourage the formation of hard skills 
and soft skills. Hard skills is the ability to apply 
concepts, methods, and evaluations to improve 
the skills of learners. While soft skill is including 
the ability to communicate, work together in 
teams, leadership and problem-solving skills. 
Rosima & Melati (2012) stated that both skills 
(hard skills and soft skills) can be achieved in 
practical activities.

Rustaman in Purwaningsih (2014) desc-

INTRODUCTION

One of the efforts to improve the quality 
of education in Indonesia is by improving te-
aching and learning processes in all levels of 
education. There are some elements to impro-
ve the quality of education in Indonesia, such 
as curriculum, educational content, learning 
process, evaluation, teacher quality, facilities 
and infrastructure as well as textbooks.
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ribed that practice has several purposes: (1) to 
motivate students because the practice gene-
rally attracts students so they are motivated to 
learn science; (2) to teach basic scientific skills, 
(3) to improve understanding of concepts, (4) 
to understand and to use scientific methods, 
(5) to develop scientific attitudes. Meanwhile, 
according to Hodson in Abrahams (2011) the-
re are 5 purposes of practical activities, they 
are: (1) to increase scientific knowledge, (2) to 
teach experimental skills, (3) to develop ‘scien-
tific attitude’ like open minded, objective , and 
willingness to suspend judgment, (4) to deve-
lop skills, and to provide assessments, and (5) 
to motivate learners, with interesting and fun 
simulations. By doing practical activity students 
will be motivated, skilled and easy to under-
stand the concept in physics learning.

Learning process contains 3 elements, 
namely attitude, knowledge, and skill. The final 
result of the development of these three ele-
ment are that the learners have soft skill and 
hard skills. One way to achieve that ability is 
to carry out the practice well and correctly. To 
make sure that the practice will run well, one 
of the requirements is a practical guide modu-
le. According to Budi (2011) the practical guide 
module is a guideline for the implementation of 
a practice that contains the procedures for pre-
parations, implementation, data analysis and 
report which is prepared by a person or group 
of teaching staff who handle the practice and 
follow the rules of scientific writing.

But in fact, even though there is a first 
basic physics practice module, there were only 
1 until 3 students from 30 students of class 
2015 who were able to formulate problems, to 
create hypotheses, to determine control, mani-
pulate and response variables. While the ability 
to analyze and summarize the results of ob-
servations are also still less precise. Students 
always enter the basic theory or the results 
of observation while they were taking conclu-
sions, whereas according to Riduwan, (2008) if 
we want to make a good conclusion, it is briefly 
expressed clearly and easily understood and 
must be in line and accordingly. It is not only 
hard skills are still low but also in soft skills 
found in this study. It is observed when the stu-
dents communicate the results of the report, 
teamwork discussion, tenacity and curiosity of 
students in doing the first basic physics practi-
ce, but there is still one soft skill that is good, 
is honesty

The weakness of hard skills and soft 
skills of physics education students of Teacher 

and Education Faculty, Madura Islamic Univer-
sity of is caused by several factors such as the 
input of physics students. Most of them were 
come from from senior high school/vocational/
MA with various majors. Students from SMA/
MA, they have experience in learning Science. 
Social Science and language, while the stu-
dents who came from vocational school, they 
have other majors. Based on the reason the 
students’ hard skills about physics subject are 
still low. 

In addition, practical activities emphasi-
ze more on the outcome (product) rather than 
on the process, so that few opportunities are 
given to the students to do some experien-
ces based on their own efforts in developing 
hard skills and soft skills. Whereas as a can-
didate of future teacher who will teach physics 
highschool students, they need more experien-
ce and develop their scientific work skills.  So 
that, later they can guide students to perform 
independent experiments in learning science 
in school, gain knowledge, which will make it 
easier to test, modify, to change the initial ideas 
that have been owned, and to adopt new ide-
as as well as to encourage the development 
of hard skills and soft skills of their students. 
Based on the results of the study the first ba-
sic physics lab used by physics education stu-
dents FKIP Islamic University of Madura does 
not encourage students to train their hard skills 
and soft skills. This is because the first basic 
physics is still conventional with the guidance 
of the prescription model (cook book) so that 
the students are less active in the lab activities.

One of the efforts to solve these prob-
lems is to develop the first basic physic practice 
module based guided inquiry. The selection of 
the module development gave the advantages 
of guided inquiry that can form the student’s 
“Self Concept”, develop individual talents or 
abilities, giving students the freedom to study. 
Guided inquiry is one type of inquiry learning. 
Teachers were provide problems to be investi-
gated along with the tools and materials to be 
used for experiments, but students plan them-
selves a procedure to solve the problem.

Guided inquiry can train learners to build 
answers and think smartly in finding various 
alternative solutions to the problems raised by 
educators; develop conceptual understanding 
skills; build a sense of responsibility; and train 
the process of conveying the concept found 
(Bilgin, 2009). Meanwhile, based on research 
Ariesta & Supartono (2011) it s found that the 
form of lectures of basic physics laboratory 2 
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activities based on guided inquiry learning mo-
del can improve the scientific work of students. 
It is in line with the results of Nengsi (2016) re-
search that the guidance of general biology-ex-
periment based on guided inquiry learning mo-
del for biology students of STKIP Payakumbuh 
was valid, practical, and effective. This is appa-
rent in the activities of students who are active 
in conducting practical activity using guided in-
quiry guide. The same opinion was also shown 
in a study conducted by Nurussaniah (2016) 
which concluded that there was an increase in 
students’ critical thinking skills after using the 
first basic physics practice module based on 
guided inquiry categorised of medium with a N-
gain value of 0.64.

Based on the above description it is ne-
cessary to improve hard skills and soft skills of 
prospective physics teacher through the first 
basic physics practice module based on guided 
inquiry.

METHOD

This research was conducted in two sta-
ges, the first phase was the development of 
the first basic physics module based on guided 
inquiry using the modified Borg & Gall (2003) 
development model and the second stage was 
the experiment in the class, in the implemen-
tation the first basic physics module based of 
guided inquiry. In the first stage, developed the 
first basic physics practice module  based on 
guided inquiry which has been validated by 
experts in the field of education and has been 
tested on a small scale. The results of the vali-
dation of the experts stated that the first basic 
physics practice module  based on guided in-
quiry is very significant to use.

In the second phase of large-scale, expe-
riments using experimental research. The expe-
rimental design used was “One Group Pretest-
Postest Control Groups Design” (Schreiber, 
2011). This research was conducted at the 
integrated laboratory of Madura Islamic Uni-
versity. The population in this study are all stu-
dents of physics education program of Madura 
Islamic University, while the research sample 
is students in Odd Semester Academic Year 
2017-2018 which take the course of the first 
basic physics practice. The instrument used in 
this research is an expert validation sheet on 
the first basic physics practice module  based 
on guided inquiry, hard skills assessment sheet 

and student soft skills, students’ response and  
questionnaire. 

Analysis of the result of hard skills as-
sessment and soft skills of students were con-
ducted by using gain score test. A normalized 
gain score test is a good method for analyzing 
pre-test and post-test results. N-Gain Score is 
a good indicator to show the level of effective-
ness by analyzing pre-test score and post-test 
scores. By adapting Hake’s theory of a norma-
lized gain score, the effectiveness of the use of 
guided inquiry guidelines in the first basic phy-
sic practice module based on guided inquiry on 
hard skills and soft skills of students could be 
determined. 

To find out the improvement of hard skills 
and soft skills of students in the subject of the 
first basic physics practice used the average 
score data <g> processed by using the equati-
on developed by Hake (1999), as follows.

 

<S S
<g>  

S S
post pre

m ideal pre

> − < >
=

− < >       (1) 
The <g> category is presented in Table 1

Table 1. Category Level <g>
LIMITATION OF N-GAIN CATEGORY
<G> > 0.70 HIGH
0.30 ≤ <G> ≥ 0.70 MEDIUM
<G> < 0.30 LOW

Effect size is calculated using the formu-
la (Cohen, 1998) as follows,

       (2)
where:

M : : Average test scores
SD : : Standard deviation test scores

The value of the effect size (d) obtained 
is interpreted using the following Cohen (1998) 
criteria:

Table 2. Interpretation effect size
Effect size Interpretation
d < 0.2 Very small
0.2 ≤d < 0.5 Small
0.5 ≤d < 0.8 Medium
0.8 ≤ d<1.0 Big
d  ≥ 1.0 Very large
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RESULTS AND DISCUSSION

Module validation analysis
The module developed in this research is 

the first basic physic practice module. This mo-
dule has been validated by 4 expert lecturers 
working in education. The result of the evalu-
ation of the first basic physics practice module  
prisented in Figure 1.

Figure 1. Result of validator’s evaluation of the 
first basic physic practice module

Based on Figure 1 above it appears that 
the average percentage of the first basic phy-
sics practice module based on guided inquiry is 
88%. This indicates that the overall module of 
this practical guide has been significant to be 
used as a guideline for students and lecturers 
in practicing the first basic physic practice. Ho-
wever there are some aspects that need to be 
improved in the steps of guided inquiry method.

Analysis of hard skills and soft skills impro-
vement of students

Pretest and posttest results data of hard 
skills and soft skills achieved by students can 
be described statistically as shown in Table 3.

Table 3. Descriptive statistics pretest-posttest 
mean hard skills and soft skills of students
Descriptive Statistics

N Min Max Mean

Std. 
Devia-

tion
pretest_hardskills 24 3.0 3.9 3.346 .1911
pretest_softskills 24 3.6 4.1 3.804 .1628
posttest_hardskills 24 3.5 4.7 4.012 .3207
posttest_softskills 24 4.0 4.7 4.354 .1693

In Table 3 it appears that the average 
pretest score in hard skills has a minimum val-
ue of 3.0 and a maximum of 3.9 while the mean 
value obtained is 3.3. This shows that the av-

erage score of pretest student hard skills is in 
pretty good category. While the soft skills have 
a minimum value of 3,6 and a maximum of 4,1 
with a mean of ,8. This shows that the average 
value of pretest soft skills is in good category. 
For a minimum average posttest score of hard 
skills is 3,5 and a maximum of 4.7 with an aver-
age value of 4,0. This shows that the average 
value of posttest hard skills is in 3.4 ≤ good < 
4.2 category. As for the minimum score aver-
age student skill is 4.0 with a maximum of 4.7 
and an average value of 4.4. This indicates that 
on the posttest the students’ soft skill score is in 
the 4.2 ≤ excellent ≤ 5.0 category. 

Table 3 shows the differences in student 
hard skills and soft skills during pretest and 
posttest. Where at posttest value hard skills 
and soft skills of student is higher than with pre-
test mean value. Meanwhile, to know the cat-
egory of increasing the average score of hard 
skills and soft skills of students can be seen in 
Table 4 and Table 5. While improving hard skills 
and soft skills can be seen in Figure 2.

Table 4. The average score of students’ hard 
skills 

Pre Post <g> No Pre Post <g>
3.0 3.8 0.47 13 3.3 3.8 0.36
3.3 3.9 0.43 14 3.4 4.7 1.00
3.1 3.7 0.38 15 3.3 4.2 0.64
3.9 4.7 1.00 16 3.3 3.8 0.36
3.4 4.0 0.46 17 3.2 3.6 0.27
3.5 3.9 0.33 18 3.4 4.4 0.77
3.6 3.9 0.27 19 3.3 4.0 0.50
3.6 4.3 0.64 20 3.3 4.0 0.50
3.4 4.0 0.46 21 3.4 4.4 0.77
3.4 3.9 0.38 22 3.2 3.5 0.20
3.0 3.6 0.35 23 3.3 4.2 0.64
3.4 3.8 0.31 24 3.3 4.2 0.64

The average score of  
hard skills 3.3 4.0 0.49

Based on Table 4 it appears that there 
are 4 students have hard skills improvement 
which high category that has value (<g>)> 0.70 
while the other 20 students have hard skills inc-
rease which is being with hard skills increase in 
classical reach 0.49 which is categorized mo-
derate (0.30 ≤ <g> ≤ 0.70). This indicates that 
the first basic physic practice based on guided 
inquiry can improve the hard skills of prospecti-
ve physics teacher.



Jurnal Pendidikan Fisika Indonesia 14 (2) (2018) 52-5956

Table 5. The average score of students’ soft 
skills 
Pre Post <g> No Pre Post <g>
3.6 4.2 0.55 13 3.8 4.2 0.44
3.9 4.3 0.50 14 3.6 4.7 1.00
3.8 4.3 0.56 15 3.8 4.3 0.56
4.1 4.7 1.00 16 3.6 4.0 0.36
4.0 4.4 0.57 17 3.8 4.2 0.44
3.9 4.2 0.38 18 3.7 4.5 0.80
4.1 4.4 0.50 19 3.8 4.2 0.44
4.1 4.4 0.50 20 3.7 4.3 0.60
3.8 4.3 0.56 21 3.6 4.5 0.82
3.7 4.4 0.70 22 3.8 4.3 0.56
4.0 4.4 0.57 23 3.6 4.5 0.82
3.7 4.2 0.50 24 3.8 4.6 0.89
The Average score of Soft 

skills 3.8 4.35 0.61

Figure 2. Graphic of the score hard skills and 
soft skills

This result is in line with the results of 
Thornton (2005) that in scientific work colleges 
developed through guided inquiry-based la-
boratory activities that provide problems to 
students, lead students to think and to solve 
the problems given. Scientific work developed 
through basic physics laboratory activity. In this 
study have four basic competence standards 
that are planning research activities, conduc-
ting scientific research, communicating the 
results of scientific research in the form of re-
ports, and being scientific (Depdiknas, 2003).

The same thing is also put forward by 
Massialas in Matthew & Kenneth (2013) which 
states that the guided inquiry model is a teach-
ing model that allows students to move step by 
step from identifying problems, defining hypot-
heses, formulating problems, collecting data, 
verifying results, and generalizing conclusions.

The improvement in student soft skills 

is shown in Table 5. The increase in soft skills 
is high category (g> 70) there are 6 students 
and in the moderate category (0.30 ≤ g ≤ 70) 
there are 18 students. The overall increase in 
soft skills reached 0.61 in the medium category. 
This shows that the first basic physics practice 
module based on guided inquiry can improve 
the soft skills of prospective physics teacher.

Based on Figure 2 above it appears that 
there is an improvement in hard skills and soft 
skills of students who each of 0.49 and 0.61 
are categorized as being. Although the inc-
rease obtained is still in the moderate catego-
ry, it can be concluded that the use of the first 
basic physic practice module based on guided 
inquiry can improve hard skills and soft skills of 
prospective physics teacher.

 This is consistent with statement of Gulo 
(2002) that the process of inquiry learning mo-
dels not only develops intellectual ability but all 
of the potential that exists including emotional 
development and skills. A similar opinion is also 
expressed by Sulistyorini (2007) that science 
learning should be conducted in scientific inqui-
ry to cultivate the ability to think, work and be 
scientific and communicate it as an important 
aspect of life skills.

The average values of each hard skill at-
tribute and soft skills was presented in Figures 
3 and 4.

Figure 3. The improvement of hard skills

Based on Figure 3, it appears that pre-
test of student hard skills in inferencing, ana-
lyzing and synthesizing the data of the rese-
arch results are still in sufficient category (1.8 ≤ 
Poorly < 2.6) This is because students are still 
confused by what they will do with the data they 
have obtained. In Figure 4 it is apparent that 
the average value of students’ pretest soft skills 
on attribute decision making has the lowest va-
lue, this is because students have difficulties in 
analyzing and synthesizing the result data.
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Figure 4. The improvement of soft skills

This is in accordance with the findings, 
(Trundle, Atwood, Christopher, & Sackes, 
2010), (Brickman, Hallar, Gormally, & Arm-
strong, 2009) (Zawadski, 2009) and (Minder-
hout & Loertscher, 2007), that students at the 
beginning of learning did not enjoy guided 
inquiry-based learning because many of the 
activities they had to do themselves although 
at the same time, students’ abilities grow and 
are able to build their own knowledge. While 
in the formulation of hypothesis students get 
good criteria, this is because students feel 
confuse in identifying variables and formula-
ting research problems in accordance with the 
problems given by lecturers. This is supported 
by the research of Syafitri (2010) which states 
that formulating a problem with a background 
of hypotheses requires a basic knowledge of 
what is being studied.

Analysis of the effectiveness of the first ba-
sic physic practice module on hard skills 
and soft skills of students

Analysis of the effectiveness of the first 
basic physics practice module based on guided 
inquiry was presented in Table 6.

Tabel 6. Test of effectiveness

Mean Standart-
Deviasi

Pretest hard skill 3.3 .1911

Posttest hard skill 4.0 .3207

Pretest soft skills 3.8 .1628

Posttest soft skill 4.4 .1693
ES (Effect Size) hard skills 2.65

ES (Effect Size) soft skills 3.61

Based on Table 6 it appears that ES (Ef-
fect Size) for the use of guided in the first basic 

physics module based on guided inquiry to hard 
skill and soft skill are 2.65 and 3.61 his shows 
that the use of the first basic physics module is 
very effective in improving the hard skills and 
soft skills of physics education students.

The high influence of the use of the  first 
basic physics module to the improvement of 
hard skills and soft skills of students because 
the module is based on the guided inquiry syn-
tax, where the self-planned activities of the 
students provide direct experience and train 
students’ scientific work skills, starting from for-
mulating problems, hypotheses, practical vari-
ables and operational definitions, communicate 
data, analyze data and make conclusions. The 
first basic physics practice module can help to 
use basic memories and transfers to new learn-
ing situations so that students can understand 
better basic concepts.

According to Sukmadinata (2013) stated 
that a meaningful module for students is pre-
sented in a form appropriate to students’ level 
of thinking ability, and delivered in an interest-
ing and interactive form that makes students 
more actively involved in the learning process, 
thereby generating motivation to learn more 
long-term students. Maretasari, Subali & Har-
tono (2012) in his research, stated that learn-
ing using laboratory based inquiry model has 
a positive and significant influence on students 
‘learning outcomes and students’ scientific at-
titude. The result of research from Mokaromah 
(2008) in Handayani, Farida, & Anhar (2014) 
also stated that the development of guidebook 
of chemistry class chemistry of X class inquired 
based on inquiry is able to improve students’ 
scientific thinking ability and appropriate to be 
used as instructional media.

The improvement of student hard skills 
in this study is moderate. This is because there 
are still students who have difficulty in express-
ing the right reasons to answer the problems 
in the hypothesis column, difficulty in suggest-
ing inference, analyzing and synthesizing the 
result data of the lab. There are still many stu-
dents who ask for lecturers or co-ass to answer 
the problems in the hypothetical column, for-
mulate inference, analyze and synthesize the 
results of the lab data. To overcome it required 
repeated exercise to familiarize students doing 
scientific work.

The same opinion is expressed by Rus-
taman (2005) which stated that guided inqui-
ry ability can influence the development of 
student’s knowledge. Familiarize students 
learn through the process of scientific work, in 
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addition to train details of scientific skills and 
systematic work, can also form students’ scien-
tific thinking patterns.

In the result of improvement of student 
soft skills in this research also still moderate 
equal to 0.61. This is because there are still 
students who have difficulty in cooperating with 
members of the group, not careful in measu-
ring, and in making decisions are still difficult 
and some students felt difficult in presenting or 
communicating the results of practice in front 
of the class. To overcome these problems it re-
quires repetitive exercise so that students are 
accustomed to being scientific. The results of 
this study are also similar to the results of re-
search Arsih (2010) in Syamsu (2017) which 
also shows that students’ attitudes in learning 
using the guided inquiry-oriented IPA learning 
devices included in the category very well. This 
means that students are able to behave scienti-
fically during the course of learning with guided 
inquiry so that students indirectly have gained 
experience in learning.

The improvement of hard skills and soft 
skills also affect the mastery of the first basic 
physics student concept. Analyzing ability and 
synthesizing (hard skills) students who are ini-
tially low with a value of 2.3 have an impact 
on mastering the first basic physics concept for 
example on the subject of density. On the sub-
ject, students look for density of a solid object 
because the ability of analyzing and synthesi-
zing is still low so as to make decision making 
and communication (soft skills) also less good 
and assume that the density of objects is in-
fluenced by the volume of water, as well as do 
not understand why volume objects equal to 
the volume of water transferred. But after using 
the first basic physics practice module based 
on guided inquiry improves analyzing ability, 
synthesizing, decision making, and communi-
cation of prospective physics teachers which 
also affect the mastery of the first basic physics 
concepts. Students have understood why the 
density of the immersed object is equal to the 
transferred and can analyze the factors that in-
fluence the results of density measurements.

 
CONCLUSION 

In this research, we have developed the 
first basic physics practice module to improve 
hard skills and soft skills of prospective phy-
sics teacher. The results of this study shows 
that the the first basic physics practice module 

based on guided inquiry model is effective in 
improving significantly the hard skills and soft 
skills of students (physics teacher candidate). 

Based on the results of the research and 
discussion and the benefits of this research, 
there are several suggestion to conduct the si-
milar research as follows: the students should 
given provisions or exercises about formulating 
the problem, controlling the variables, making 
hypotheses, analyzing and synthesizing the 
data so that they will not have any difficulties in 
doing the lab work.
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ABSTRACT

Along with the increase of world’s energy need in one hand and of the impact of its uses in the other 
hand, conservation is indispensable. This paper describes pre-service physics teachers’ knowledge about 
energy conservation, how they use their knowledge to make energy-related decisions, and how their self-
system toward energy conservation. The data presented here are from selected items of a field test of 
instrument intended to measure energy literacy that involved 123 pre-service physics teachers from three 
state universities in Indonesia.  They are one state university in South Sumatera and two state universities in 
West Java. Data from this survey study were analyzed qualitatively. Results showed that pre-service physics 
teachers were still lack of knowledge and knowledge utilization to make energy-related decision.  However, 
they showed a tendency to engage in energy conservation efforts.   

ABSTRAK

Seiring meningkatnya kebutuhan energi dunia di satu sisi dan dampak penggunaannya di sisi lain, 
konservasi menjadi sangat penting. Artikel ini menggambarkan pengetahuan mahasiswa calon guru fisika 
tentang konservasi energi,  bagaimana mereka menggunakan pengetahuan tersebut untuk mengambil 
keputusan, dan bagaimana self-system mereka terkait konservasi energi. Data diperoleh dari uji lapangan 
terhadap instrumen yang ditujukan untuk mengukur literasi energi yang melibatkan 123 mahasiswa calon 
guru fisika dari tiga perguruan tinggi negeri di Indonesia. Ketiga universitas negeri tersebut adalah satu 
berada di Sumatera Selatan, dan dua berada di Jawa Barat. Data dari penelitan survey ini dianalisis 
secara kualitatif. Hasil analisis menunjukkan mahasiswa calon guru fisika kurang dalam pengetahuan dan 
penggunaan pengetahuan untuk membuat keputusan terkait energi. Namun demikian, mereka menunjukkan 
kecenderungan untuk terlibat dalam upaya konservasi energi.  

Keywords: Energy Conservation; Decision Making; Pre-Service Physics Teacher; Self-System

to the second meaning, that energy conserva-
tion is interpreted in everyday language as en-
ergy saving. Regarding to energy saving, it can 
be done in two ways, technology development 
(efficiency) and behavioral change. 

Development of technology to improve 
efficiency is necessary, but it is not sufficient 
to reduce the energy consumption (Costanzo, 
Archer, Aronson, & Pettigrew, 1986). The de-
velopment of technology will has more impacts 
if it is supported by the changes of human be-
havior in using energy. Behavioral changes will 
occur if a person has sufficient knowledge (Fin-
ger, 1994; Frick, Kaiser, & Wilson, 2004; Jen-

INTRODUCTION

Along with the increase of energy needs 
on the one hand and the effects of its uses in 
other hand, conservation is deemed to be the 
solution. The term energy conservation can in-
deed have two interpretations. Firstly, energy 
conservation, in physics, means that energy is 
conserve or is known as principle of conserva-
tion of energy. Energy is neither created nor de-
stroyed. This meaning appears to be opposed 
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sen, 2002; Kaiser & Fuhrer, 2003; Zografakis, 
Menegaki, & Tsagarakis, 2008)  and the atti-
tude or affect (Davis, 1985; Dewaters & Pow-
ers, 2011; Gomez‐Granell & Cervera‐March, 
1993; Lee, Lee, Altschuld, & Pan, 2015; Vlahov 
& Treagust, 1988).  A such characteristic of in-
dividual is called as an energy literate person 
(Barrow & Morrisey, 1989; DeWaters & Pow-
ers, 2013).  

Without a basic knowledge of phys-
ics the ideas around energy conservation are 
likely meaningless (Newborough, Getvoldsen, 
Probert, & Page, 1991). System knowledge, 
action-related knowledge, and effectiveness 
knowledge are regarded as conservation-rel-
evant knowledge (Frick et al., 2004).  System 
knowledge relates to knowledge about energy 
problems. This is a basic scientific knowledge. 
Action-related knowledge relates to how to 
conserve energy. To select among alternatives 
which is more effective way to conserve energy, 
then someone needs effectiveness knowledge. 

When someone select between two or 
more alternatives that initially appear equal, 
the process of decision making is used  (Baron 
& Brown, 1991; Marzano & Kendall, 2007). In-
formed decisions regarding energy issues faced 
in everyday life constitute process of someone 
utilize his/her knowledge. However, in making 
decision, someone may use normative (ratio-
nal) or naturalistic approach (Jonassen, 2012). 
With rational perspective, decisions are made 
by considering the one that provides maximum 
utility, while with naturalistic perspective, deci-
sions are made by considering the one that is 
most consonant with personal beliefs (Jonas-
sen, 2012).

Interconnected attitudes, emotions, and 
personal beliefs shape individual self-system 
(Marzano & Kendall, 2007). Further, Marzano 
& Kendall (2007) proposed four type of self-
system. They are examining importance, exa-
mining efficacy, examining emotional respon-
se, and examining motivation. 

This paper aims to describe the measu-
rement results of pre-service physics teachers 
related to energy conservation. Questions that 
will be answered in this paper are: (1) what is 
the pre-service physics teachers’ knowledge 
regarding energy conservation; (2) how do 
pre-service physics teachers make decisions 
related to energy conservation; and (3) what is 
the self-system of pre-service physics teachers 
toward energy conservation. 

METHOD

The data reported on here resulted from 
selected items according to the topics of energy 
conservation of the instrument that purported to 
measure pre-service physics teachers’ energy 
literacy. The instrument was developed based 
on previous work (Yusup, Setiawan, Rusta-
man, & Kaniawati, 2017). For our purpose in 
this paper, we relabeled the code of items from 
its original version. There were 123 pre-service 
physics teachers from three state universities 
in Indonesia who involved as participants. They 
are one state university in South Sumatera, 
and two state universities from West Java. The 
participants were from the first to third year of 
study in the universities. Their participation in 
the current study were voluntary. Descriptive 
method was used to analyze the data.

RESULTS AND DISCUSSION

Pre-service physics teachers comprehensi-
on toward energy conservation

Figure 1 depicts two items to assess 
pre-service physics teachers’ comprehension 
of energy conservation. Question 1 conflicted 
pre-service physics teachers’ understanding 
about the principle of energy conservation (en-
ergy is neither created nor destroyed) and the 
current consideration of conservation of energy 
(resources) where the world is seen as running 
out of energy, There were 39% of participants 
agreed that energy will not be exhausted and 
41% of participants added the statement that 
although energy in the world will not be ex-
hausted but remains vital to save energy. Only 
7% of participants who could answer precisely 
this question. 

The result indicates that the majority 
of pre-service physics teachers did not un-
derstand the principle of energy conservation 
well. They could not distinguish the concept of 
energy conservation and energy degradation. 
This can be confirmed from their answer to the 
Question 2 (Figure 1). 

In Question 2, participants were asked 
to evaluate issue on depleting non-renewable 
energy sources. Majority of participants (92%) 
expressed disagreement if non-renewable 
energy sources were used regardless of the 
availability of energy sources for future gene-
ration.

The results revealed that pre-service 
physics teachers have not understood the con-
cept of energy conservation well. They equated 
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principle of energy conservation with energy 
conservation in the sense of energy saving. 
These findings are consistent with previous 
studies (Kesidou & Duit, 1993; Papadouris, 
Hadjigeorgiou, & Constantinou, 2014). This 
weakness is due to the use of the term energy 
in everyday life are not in accordance with the 
conception of physics (Duit, 1981; Kesidou & 
Duit, 1993). Another cause is the lack of recog-
nition of the concept of energy degradation in 
learning (Daane, Vokos, & Scherr, 2014; Gold-
ring & Osborne, 1994; Pinto, Couso, & Gutier-
rez, 2004). 

Question 1 
Based on his understanding of the law of conservation    
of energy, a student argues that energy in this world will 
not be exhausted. Therefore, according to him, we do 
not need to save energy. What will be the consequences 
if the student’s opinion is followed? Explain  your reason. 
 
Question 2 
Although our petroleum and natural gas reserves are 
getting lesser, it does not matter that we use as much 
petroleum and natural gas as we need now because 
future generation will have new energy that we do not 
have today. 
Do You agree with this statement? Explain your resason.

Figure 1. Items to assess pre-service physics 
teachers comprehension toward energy con-
servation.

Pre-service physics teachers’ energy-re-
lated decision making regarding effective-
ness knowledge

Two questions in Figure 2 were intended 
to assess how pre-service physics teachers 
use their knowledge to make energy-related 
decision. Question 3 provides a condition in 
which the available alternatives of incandes-
cent light bulb (ILB), compact fluorescent light 
(CFL), and light emitting diodes (LED) bulbs for 
purchase. Sensible option is to buy products 
that are more economical and less impact on 
the environment and the choice should be LED 
bulb.

The decision-making tendency to consi-
der only one aspect was confirmed by pre-ser-
vice physics teachers’ responses to Question 4 
(Figure 2). A total of 56% of participants chose 
the product only on the basis of the electric po-
wer consumption or of the price aspect. Only 
4% of participants chose product with compre-
hensive consideration, which was more bene-
ficially from economical and environmental as-
pects. 

 

Question 3 
The power consumption, lifetime, and price of the ILB, 
CFL, and LED bulb with the 800 lumens light output in the 
table below. 

Type Power  
(watt) 

Life-time 
(hours) 

Price 
(IDR) 

ILB 60 1 000 8.000 
CFL 14 8 000 38.000 
LED 10 25 000 88.000 

If you have Rp 90,000 to buy bulb(s), which bulb(s) will you 
buy? Explain the reasons for your choice? 
 
Question 4 
One day your father asked your help to accompany him to 
buy in cash an air conditioner (AC) to be installed in one 
room in your house with installed power is 2 200 watts. He 
tells you that his budget is a maximum of Rp 3,000,000,00. 
Apparently, in the store there are available products with 
different power prices and power consumption. All products 
are warranted one year for indoor unit and three year 
warranty for outdoor unit (compressor).Product 
specifications as shown in the table below. Your father only 
receive the price up to Rp 3,000,000,00. Apparently, in the 
store there are available products with different prices and 
power consumption. All products are warranted one year 
for indoor unit and three years warranty for outdoor unit 
(compressor). Product specifications are as in the table 
below. 

Brand Power 
(watt) 

Price 
(IDR) 

Compressor 
material 

Dimension 
of indoor 
unit (cm) 

A 795 2.900.000 Fiber 100x30x25 
B 840 2.700.000 Fiber 88x30x23 
C 900 2.600.000 Zinc  87x29x22 
D 925 2.500.000 Zinc  77x24x18 

Which brand of AC product do you recommend to buy? 
Explain your consideration(s). 

Figure 2. Items to assess pre-service physics 
teachers’ energy-related decision making re-
garding effectiveness knowledge.

Pre-service physics teachers’ energy-rela-
ted decision making regarding action-rela-
ted knowledge

When challenged with a situation that re-
quires taking action, pre-service physics teach-
ers did not use action-related knowledge well. 
Question 5 (Figure 3) illustrates the situation 
of someone leaving home (to go to campus) 
using a motorcycle then realizing that he left 
light bulbs still on. The choice to be taken is 
to go back immediately and turn the lights off 
or continue to go to campus. A total of 74% of 
participants are not able to answer the question 
and only 9% were able to answer comprehen-
sively. The majority of the answers were with 
no an appropriate argument and so were iden-
tified as guessed answers, such as, “I will go 
back,” or “I will continue to go to campus.” 

The lack of knowledge utilization to make 
energy-related decision of pre-service physics 
teachers was confirmed from responses of 
Question 6. The situation was when finished 
watching television, what they do to the televi-
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sion. The action could be considered as habitu-
al. The response from participants showed that 
only 21% who stated that they turn the televi-
sion off and disconnect the plug from the elec-
tric terminal. The rest of participants prefer to 
turn the television off but let it in standby mode 
(the power cable remain plug in electric termi-
nal). Even a few of participants stated they let 
the television on. 

Question 5
One day when you ride your motorcycle to go to campus, 
you suddenly remember that you had not turned the bulbs 
off that totaly use 100 W of power consumption. With only 
consider of CO2 emitted, would you go back to turn bulbs 
off or continue to go to campus?
Use the following assumption:
•  If you do not come back now there is an additional 

time the lights will be on for 8 hours until you get home 
from campus.

•  The bulbs have an emission intensity of 0.6 kg CO2/
kWh.

•  If you back home, you will travel a total distance of 
5 km (back and forth) and your motorcycle gasoline 
consumption is 50 km/liter, with an emission factor of 
3.2 kg CO2/liter of gasoline.

Ignore the CO2 emitted by the bulbs during the time you 
need to get home if you decide to go back.

Figure 3. Item to assess pre-service physics 
teachers’ energy-related decision making re-
garding action-related knowledge.

In making decision toward energy, pre-
service physics teachers tend to consider only 
one aspect, especially the economic aspect. 
They tended to use rational perspective (Jo-
nassen, 2012). Indeed, cost factors, or the ra-
tio of personal costs  and ecological benefits 
(Kaiser & Fuhrer, 2003), can be considered in 
making decision. Pre-service physics teachers 
did not showed an integrated or comprehensi-
ve approach (Liu, Gupta, Springer, & Wagener, 
2008 in making decision. The effectiveness 
and action-related knowledge (Kaiser & Fuh-
rer, 2003) should be required to make decisions 
related to energy conservation.

Pre-service physics teachers’ self system 
toward energy conservation

Items related to self-system include self-
efficacy, emotional response, and motivation. 
To examine the efficacy of pre-service physics 
teacher in conserving energy, the question 
asked whether they believe that they can use 
energy efficiently. A total of 54% participants 
believed they could use energy efficiently, whi-
le the rest stated they were not sure. Generally, 
the reason of those who were not sure becau-
se they did not know how to reduce their con-

sumption of energy. 
The proportion of efficacy responses 

was the same as the answers of the question 
of whether they have a motivation to teach stu-
dents to save energy. There were 54% of par-
ticipants expressed their wish and were con-
fident to do so, while the rest expressed their 
wish but were not sure they could. 

Emotional response of pre-service phy-
sics teacher related to energy use were tested 
by asking a question that illustrate a situation 
when at noon someone found in one of the 
empty lecture room the light bulbs are left on. 
The majority of participants (75%) expres-
sed emotions that reflect the attitude of ener-
gy saving. Among the feelings that they were 
annoyed or deplore see a situation where the 
energy is used unwisely (wasteful). A little per-
centage of participants (25%) felt that it was 
prevalent situation so that was nothing wrong. 

The answers of question to examine mo-
tivation were similar proportion to the emotio-
nal responses question. Pre-service physics 
teachers were asked whether it is important or 
not to teach energy conservation to students at 
school. A total of 78% of participants stated that 
energy conservation attitude was an important 
competency to be taught at school.

Self-system determines whether a per-
son will be involved in a program or not (Mar-
zano & Kendall, 2007). The results showed that 
the majority of pre-service physics teachers 
had motivation to engage in energy conserva-
tion, but only half of those who had confidence 
to do so. Although in different topic, Rokhmah, 
Sunarno, & Masykuri’s (2017) finding about 
the lack of disposition in some textbooks they 
used in high school, can be suspected as the 
cause of the low of pre-service physics teach-
ers’ efficacy. Nevertheless, pre-service physics 
teachers expressed emotional responses that 
showed a tendency to conserve energy.

CONCLUSION

Energy conservation principle is often 
confused with the everyday life that associate 
with the energy saving. Unfortunately, the ma-
jority of pre-service physics teachers have not 
had a proper understanding of the concepts. 
At the level of knowledge utilization to make 
energy-related decisions, pre-service phy-
sics teachers also showed low performance. 
Although the majority of pre-service physics 
teachers stated that energy conservation is 
important competency and they showed their 
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motivation to involve in such efforts, but they 
were still lack of efficacy.
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ABSTRACT

The effectiveness of learning is affected by the assistance stages (scaffolding) provided. For example, the 
scaffolding of type 2a and type 2b supports the causal-thinking approach in learning. The type 2a informs 
the causal model, number of causes and effect, while 2b informs its argument sample. This research aimed 
to identify the effect of causal thinking process (CTP) with scaffolding type 2a and 2b on optics problem-
solving ability (PSA) of students. The type of the research was quasi-experiment with the non-equivalent-
group design. Data were obtained with PSA-test and analyzed with the two-tail test with separated variance 
formula at significance degree of 5% to determine the effect of each type of the CTP on the PSA, also to 
determine its difference. The results showed that tcount for each of the first two t-tests were greater than 
ttable, but tcount for the third one was smaller than its ttable. This research concluded that the implementation of 
the CTP with the scaffolding of type-2a and 2b were effective to improve the student’s PSA. However, the 
improvements were not different.   

ABSTRAK

Efektivitas pembelajaran dipengaruhi bantuan tahapan (scaffolding) yang diberikan. Dengan pendekatan 
berpikir kausalitik ini, diperkenalkan scaffolding tipe-2a dan tipe-2b. Kedua scaffolding ini menginformasikan 
model kausal serta jumlah Cause dan Effect tetapi pada tipe-2b ditambah contoh argumentasinya. Penelitian 
ini bertujuan mengidentifikasi pengaruh proses-berpikir-kausalitik (PBK) ber-scaffolding tipe-2a dan tipe-2b 
terhadap kemampuan-pemecahan-masalah (KPM) optik siswa. Jenis penelitian kuasi-eksperimen dengan 
desain non-equivalent-group. Data diambil menggunakan alat tes-KPM dan dianalisis dengan uji-t dua 
pihak menggunakan rumus separated varians pada signifikansi 5% untuk mengetahui pengaruh PBK tipe-
2a dan 2b terhadap KPM, serta perbedaan kedua pengaruh tersebut. Hasil menunjukkan nilai thitung untuk 
dua uji-t pertama lebih besar dari tTable terkait tetapi nilai thitung untuk uji ketiga adalah lebih kecil dari tTable-
nya. Simpulan penelitian implementasi PBK ber-scaffolding tipe-2a dan 2b masing-masing berpengaruh 
terhadap peningkatan KPM siswa tetapi kedua pengaruh tersebut tidak berbeda.  
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Physics as a branch of natural science 
is critical to learning for fostering the thinking 
skills. Physics as a subject has the objective to 
develop the students’ reasoning skills in thin-
king inductively and deductively. Students can 
apply concepts and principles of physics to ex-
plain various natural phenomena and to solve 
problems both qualitatively and quantitatively 
(BSNP, 2006). Therefore, it is urgent to develop 
a physics learning with the orientation of balan-
cing between the provisions of material by the 
teacher with problem-solving practices to boost 
the students’ thinking skills ability.

The example of the thinking processes 

INTRODUCTION

Science does not only covers the acti-
vities of reading, remembering, or storytelling; 
but also encourages people to use their skills to 
solve problems in the actual world, such as cre-
ating, building, and developing new ideas and 
ways of thinking. Moreover, science learning 
must involve the student in problem-solving ac-
tivities (Barba, 1998).
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that can improve students’ reasoning skills in 
problem-solving is creative thinking, critical 
thinking, and analytical thinking. Glaser defi-
nes critical thinking as an attitude of wanting to 
think deeply about problems, as well as know-
ledge of examination methods and logical rea-
soning (Fisher, 2009). Chance said that critical 
thinking is the ability to analyze facts, create 
and compile ideas, maintain opinions, make 
comparisons, describe conclusions, evaluate 
arguments and solve problems (Amer, 2005).

The analytical thinking is a component 
of critical thinking. This way of thinking repre-
sents the ability to scrutinize and unravel facts, 
and thoughts into its strengths and weaknes-
ses such as the development of the capacity to 
think carefully (thoughtfully), how to discern, to 
solve problems, analyze data, and remember 
and collect information (Amer, 2005).

This study is inspired by previous re-
search conducted by Rokhmat (2013) which 
implementing causal and analytical thinking 
processes (CATP) with a standardized pattern 
and proven to be able to improve the problem-
solving ability of student teacher of physics. 
Based on the limitations of the study, the stan-
dardized CATP used was still general; therefo-
re, one of the things that became a recommen-
dation for other researchers was to use CATP 
with scaffolding. In this study, CATP refers to as 
a causal thinking process (CTP).

The causal thinking process is a com-
bination of causal and analytic thinking skills. 
Lenzen explained that the essence of causal is 
the connection between two phenomena, the 
phenomena of the cause and the phenomena 
of the results (Rokhmat, Agus, & Dadi, 2012). 
Meanwhile, Hardy suggests that analytic thin-
king is the ability to think of students to desc-
ribe, detail, and analyze information used to 
understand knowledge by using logical reason 
and mind, not based on feelings or guesses 
(Marini, 2014).

In the learning process, physical pheno-
mena facilitate students’ causal and analytical 
thinking abilities. Also, students are required to 
determine the causal components in a physi-
cal problem while they do the casual thinking. 
Then, students need to think deductively in pre-
dicting all events (consequences) that have the 
chance to occur based on the causes. When 
they do the analytical thinking, students must 
be able to identify the conditions of the causes 
which affect on specific event or effect based 
on the knowledge that has been possessed 
which includes concepts, principles, theories, 

or related physical laws (Rokhmat et al, 2012).
The pattern of CTP with scaffolding type 

2a is the development of causal and analytical 
thinking facilitated by the main pattern of the 
causal table with some part of the results have 
been given in the table. Then, students must 
determine the components of the causes and 
other effects with the known amount of a phy-
sical phenomenon. Also, the students need to 
explain how the causes can produce such an 
effect. Meanwhile, the pattern of CTP with scaf-
folding type 2b is the development of the CTP 
with scaffolding type 2a pattern. In this pattern, 
there is additional assistance information and 
explanations (Rokhmat, 2013). In this study, 
the CTP with scaffolding type 2a and 2b was 
modified by adding a part of the causative com-
ponent to the causal table.

There are six indicators of problem-sol-
ving (IPS), namely (1) understanding, it me-
ans the ability to understand ideas or ideas in 
each question, (2) selecting, which explains the 
ability to choose or select a variety of possible 
consequences that will occur regarding the 
causes in the matter, (3) differentiating, the abi-
lity to distinguish and choose causes that can 
produce a certain effect, (4) determining, the 
ability to determine the concepts, principles, 
theories, and  / or laws of physics to support 
in identifying a number of causes to produce 
a consequence, (5) applying, the ability to use 
concepts, principles, theories, and / or physi-
cal laws to support a identify or cause certain 
consequences, and (6) identifying, that is, iden-
tifying the causes which produce a particular 
effect (Rokhmat, 2013; Rokhmat, Marzuki, Hik-
mawati, and Verawati, 2017; Helmi, Rokhmat, 
and Ardhuha, 2017; Tamami, Rokhmat, and 
Gunada, 2017; and Yuliana, Rokhmat, and Gu-
nada, 2017). In solving the problem, students 
often have the difficulties in distinguishing the 
causal elements as the factors of the desired 
answer especially if the problem states that the 
real cause is not a factor of the effect but as 
a factor of the other. With the causal thinking 
approach with scaffolding type 2a and 2b, stu-
dents can determine the causes and effects of 
a problem efficiently. In both types, the number 
of cause and effect elements are informed, and 
some examples are given. Specifically for ty-
pe-2b scaffolding, there are examples of argu-
ments that explain how the conditions of each 
cause and its effects can occur. 

This objective of this study is to identify 
the influence of Modified causal thinking pro-
cess with scaffolding type 2a and 2b which are 
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facilitated by the worksheet on the develop-
ment of students’ problem-solving ability/PSA 
(H01 and H02). Also, to identify the difference of 
the influence between Modified causal thinking 
process with scaffolding type 2a and 2b facili-
tated by the worksheet on the development of 
students’ problem-solving ability/ PSA (H03).

METHOD

This study employed the Quasi-Experi-
mental with Non-equivalent Group Design as 
shown in Table 1. The population was all stu-
dents of class XI-MIA MAN-2 Mataram. The 
sample was taken by purposive-sampling 
technique. The research subjects obtained 
were XI-MIA-2 students (9 boys and 23 girls) 
as the experimental class 1 and XI-MIA-1 stu-
dents (7 boys and 25 girls) as experimental 
class 2. 

Table 1. Non-equivalent Group Design

Group Pre-test Treatment Post-
test

Experimental 
Class 1 O1 X1 O2

Experimental 
Class 2 O3 X2 O4

(Adapted from Setyosari, 2012)

Before treatment, the pre-test was con-
ducted in both classes. After that, the treatment 
was given to both classes, i.e., experimen-
tal class 1 applied a modified causal thinking 
process with scaffolding type 2b facilitated 
by worksheet (X1); whereas the experimental 
class 2 employed the modified causal thinking 
process with scaffolding type 2a facilitated by 
worksheet (X2). After treatment, post-test was 
performed in both classes to measure the re-
sults of the treatment. The difference between 
worksheet for X1 and X2 is the example of cau-
se-effect which is given in the worksheet X1, 
while in worksheet X2 the example of this exp-
lanation is not given.

The independent variable in this study is 
the modified causal thinking process with scaf-
folding type 2a and 2b assisted by the work-
sheet; whereas the dependent variable is the 
students’ problem-solving ability; and the cont-
rol variables are material, learning objectives, 
assessment methods, and time allocated to 
both classes.

The research instrument includes the 
syllabus, lesson plan, and worksheet to help 

the modified causal thinking process with scaf-
folding type 2a and 2b, and students’ problem-
solving ability (PSA) questions. The PSA items 
were analyzed for its validity and reliability. 
Validity analysis employed the r product mo-
ment correlation equation with rough numbers, 
and the reliability of essay items applied the 
Alfa formula. The instrument test results show 
eight valid and reliable questions. The pre-test 
and post-test data were then tested for norma-
lity using the chi-square formula (χ2), the cal-
culation results showed that the pre-test and 
post-test data were normally distributed. The 
hypothesis test uses a two-party t-test with a 
separated variance formula.

The questions were prepared based on 
the six PSA indicators to facilitate the emer-
gence of the indicators. First, the question 
should be causal with a simple combined mo-
del, which has more than one cause or effect 
element (having more than one answer) (Rokh-
mat et al, 2017b). Secondly, the questions in 
the problems indicate an open answer. In this 
case, the answer and deception are provided 
for students to choose from. Thirdly, there is 
also a demand for students to explain the cau-
se element as the effect of answers can occur. 
Finally, in explaining, students need to involve 
concepts, principles, laws, and or related theo-
ries (Rokhmat, 2013).

RESULTS AND DISCUSSION

Results
The results of the study include the pre-

test and post-test of problem-solving ability 
(PSA) score analysis and the results of hypot-
hesis testing for the experimental group 1 and 
group 2. Students in group 1 used causal thin-
king process (CTP) with modified scaffolding 
type 2b facilitated by students’ worksheet while 
group 2 applied the Modified CTP with scaffol-
ding type 2a assisted by worksheet.

Stages of learning activities: the appli-
cation of Modified CTP with scaffolding type 2a 
assisted by worksheet in learning can promote 
the students to learn through the following sta-
ges: 1) understanding physical phenomena, 2) 
completing the causal table, by a) writing down 
the causal elements that have not been written 
in the Table, b) predicting the effects that have 
the chance to occur that have not been writ-
ten in the Table, and 3) compile arguments to 
explain how the conditions of each effect are 
related to producing the predicted results. The 
preparation of this argument for each effect 
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including those that have been written in the 
causal table.

Table 2. Example of the causal table with scaf-
folding type 2a 
Causes (5) Effects (3)
Cause-1 Effect-1
Cause-2 …………….
……………………. …………….
…………………….
…………………….

Explanation:
Effect-1: 
……………………………………………..
 
……………………………………………...
Effect-2: 
……………………………………………..
 
……………………………………………...
Effect-3: 
……………………………………………..
 
……………………………………………...

In learning with CTP with scaffolding type 
2b, students learned with the same stages as 
scaffolding type 2a. However, all arguments in 
type 2a were prepared by themselves, while 
in type 2b, there were some examples of refe-
rences to direct the students in arranging their 
arguments.

Table 3. Example of the causal table with scaf-
folding type 2b

Causes (5) Effects (3)
1. Cause-1 1. Effect-1
2. Cause-2 2. …………….
3. ……………………. 3. …………….
4. …………………….
5. …………………….

Explanation:
Effect-1: The explanation of how each element 
of cause can give the effect 1 occurs. 
Effect-2: 
……………………………………………..
 
……………………………………………...
Effect-3: 
……………………………………………..
 
……………………………………………...

Indicators of problem solving abilities 
(IPS) in learning process: The learning pro-
cess applied the problem-solving ability (PSA) 
to students as follows (Rokhmat, 2013, Rokh-
mat, et al, 2017): First, students must be able 
to understand the purpose of the questions ex-
pressed in verbal representations together with 
conceptual images. Indicators of understanding 
are based on the ability to predict or choose the 
effect, whether predicted or selected is correct 
(at least predict or choose an effect) or lead to 
the requested answer (the indicator of problem-
solving/IPS 1). Second, the related problems 
show that students can predict or choose at 
least 50% of the effects that are likely to occur 
(IPS 2). Third, the related problems show that 
students explained how a predictable or se-
lected effect occurs at least 50% of the cause 
components as the factors in the occurrence of 
the effect (IPS 3). Fourth, it shows that students 
in explaining on how a predicted or selected ef-
fect occurs which involves at least one of the 
concepts, principles, theories, or physical laws 
associated with the problem (IPS 4). Fifth, it 
shows that students in explaining how a predic-
table or chosen effect occurs correctly using at 
least one of the concepts, principles, theories, 
or physical laws associated with the problem 
(IPS 5). Sixth, it shows that students in explai-
ning how a predictable or chosen effect occurs 
to get a score of at least 50% of the maximum 
score, which is the same as the maximum sco-
re of “5” with the correct number of effects that 
have been predicted or selected (IPS 6).

The results of the pre-test and post-test 
of the Problem Solving Ability (PSA) showed 
that the enhancement average of PSA sco-
re was ranged between 1.62 to 1.78 times as 
shown in Table 2 and Table 3. It indicates that 
the implementation of learning with causal thin-
king process (CTP) with modified scaffolding 
type 2a and 2b assisted by students’ worksheet 
can improve students’ ability in solving physics 
problems.

The difference between the mean of 
post-test and pre-test in the experimental class 
1 using Modified CTP with scaffolding type 2b 
facilitated by worksheet was 18.75. In order to 
determine the effect of this type of CTP, a sepa-
rated variance t-test was performed with dk = n 
- 1. The calculation results show that the value 
of tcount > ttable at 5.88 > 2.04. It indicates that H02 
is rejected where there is an effect of modified 
CTP with scaffolding type 2b increased the stu-
dents’ problem-solving ability.

The difference between the average 
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post-test and the pre-test score of experimen-
tal class 2 using Modified CTP with scaffolding 
type 2a assisted by the worksheet was 16.38. 
In order to determine the effect of CTP, a sepa-
rated variance t-test was performed with dk = n 
- 1. The calculation results showed that the va-
lue of tcount> ttable at 7.15 > 2.04. It indicates that 
H01 was rejected where there is an influence of 
the causal thinking process (CTP) with modi-
fied scaffolding type 2a towards increasing the 
students’ problem-solving ability. 

Moreover, the difference of the influence 
of the causal thinking process (CTP) with mo-
dified scaffolding type 2a and 2b assisted by 
the worksheet was tested using separated va-
riance t-test. This test applied the data of post-
test and pre-test score difference from both 
classes. The results of the test showed that 
the value tcount < tTable at 0.87 < 2.04; thus, H03 
was accepted where there is no significant in-
fluence of the Modified causal thinking process 
with scaffolding type 2a and 2b assisted by the 
worksheet to the students’ problem-solving abi-
lity. 

The percentage of pre-test and the post-
test average score of each IPS of the students 
in class 1 and 2 are shown in Table 6. 

Discussion
From the view of the pre-test and post-

test ratio, the problem-solving ability of the stu-
dents was highly increased showing more than 

one and a half times compared to the previous 
ability. Moreover, specifically for students in the 
experimental class 1, it increases almost two 
times. This phenomenon, qualitatively desc-
ribes the excellent effectiveness of the CTP 
with two types scaffolding implementation in 
improving students’ problem solving ability in-
cluding the ability to understand the problem, 
choose Cause and Effect aspects, differentiate 
Cause which is a factor of each Effect, deter-
mine concepts, principles, theories, and or the 
laws of physics (cptlP). Moreover, it increases 
the ability to implement cptlP in composing ar-
guments and explaining why each effect oc-
curs by involving cptlP. This finding is in line 
with recommendations for the development 
of learning instruments with a causal thinking 
approach with scaffolding (Rokhmat, Marzuki, 
Hikmawati, & Verawati (2017). Meanwhile, the 
effectiveness of this form of scaffolding is in line 
with the research of Helmi, Rokhmat, & Arhuha 
(2017), Tamami, Rokhmat, & Gunada (2017), 
Putrie (2016), and Yuliana (2016), as well as 
Yuliana, Rokhmat, and Gunada (2017).

From the achievement level, students’ 
problem-solving ability was still deficient. In the 
beginning, the PSA of students in two classes 
were about 25%. These results were actually 
because of the PSA questions applied are clas-
sified as unusual for the students. The questi-
ons were designed with a semi-open pattern, 
where students can choose more than one 

Table 4. Pre-test score of students in Experimental Class 1 and 2

Class Number of 
students (N)

Max 
Score

Min 
Score Mean S s2

Exp. 1 32 48 6 24.13 10.34 106.92
Exp. 2 32 40 4 26.31 8.05 64.8

Table 5. Post-test scores of students in Experimental Class 1 and 2

Class Number of 
Students (N)

Max 
Score

Min 
Score Mean S s2

Exp. 1 32 79 23 42.88 14.79 218.74
Exp. 2 32 63 21 42.69 10.15 103.02

Table 6. Percentage of the average score of pre-test and post-test of the students’ problem-
solving ability in Experimental Class 1 and 2

Data Class
The average of problem-solving abilities (%)

IPS 1 IPS 2 IPS 3 IPS 4 IPS 5 IPS 6

Pre-
test

Exp. 1 83 20 15 20 5 0.4
Exp. 2 91 25 16 15 10 0.4

Post-
test

Exp. 1 100 42 44 37 25 9
Exp. 2 100 52 55 34 13 2
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correct answers. Surprisingly, there are some 
questions with all the correct choice of ans-
wers.  Moreover, students were also allowed 
to give additional answers, and they were nee-
ded to make arguments in explaining how the 
condition of each element of Cause is seen as 
a factor of each selected Effect, which is indica-
ted by the answers that have been chosen. The 
explanation of the PSA criteria is in line with 
the statement of Rokhmat (2013); Rokhmat 
et al (2017), Helmi, et al (2017), Tamami, et al 
(2017) and Yuliana, et al (2017).

Final achievement of the students’ prob-
lem-solving ability (PSA) as a result of the post-
test: It has been stated that this students’ final 
PSA was more than one and a half times com-
pared to initial PSA. However, its achievement 
is still below 50%, and even closer to 40%. If 
the final achievement benchmark is set at 80% 
with the assumption that the average achie-
vement of the average student is “A” and this 
predicate is valid for the percentage of achie-
vement of 80% or more, then the final achie-
vement of PSA is still half of the desired ideal 
achievement. This fact shows that although the 
CTP with scaffolding type 2a and 2b approach 
is effective in increasing students’ PSA, even 
though its achievement is still far from its ideal 
achievement.

This fact shows at least two things, i.e., 
1) CTP has been effective in increasing stu-
dents’ PSA, and 2) the use of PSA questions 
of this type along with the development of re-
levant CTP needs to be exposed from lower 
levels of education. Therefore, it is possible to 
achieve the final PSA for each implementati-
on of CTP development by ideal expectations, 
which is 80% or more.

Initial Problem Solving Ability (PSA) 
based on the pre-test results for experimental 
class 2 on IPS 1, IPS 2, IPS 3, and IPS 5 was 
higher to experimental class 1. However, the 
IPS 4 in experimental class 1 was more signifi-
cant to experimental class 2. While for the IPS 
6 in both classes showed the same percentage 
value. 

Furthermore, the final PSA based on the 
post-test results indicate that both classes ex-
perienced an increase from the initial PSA. Cur-
rent PSA conditions in experimental classes 1 
and 2 were the same as the IPS 1. However, 
the IPS 2 and IPS 3 of the experimental class 
2 were higher than the experimental class 1. 
Conversely, on the other three indicators, IPS 
4, IPS 5, and IPS 6 in the experimental class 1 
were higher than experimental class 2. This fact 

shows that students’ PSA who implemented the 
causal thinking process with scaffolding type 
2b were higher in the IPS 4 to IPS 6. Therefore, 
it represents that although overall there is no 
difference in effect between the causal thinking 
process with scaffolding type 2a and 2b; type 
2b has a more positive effect on these three 
indicators than type 2a. The examples of typi-
cal questions and answers were used for stu-
dents in experiment 1 and experimental class 
2 to add to the depth of this discussion. Both 
of these experimental classes were tested with 
the same problem to show whether the six PSA 
indicators appeared in the two groups.

Examples of questions: P object is stan-
ding in front of a concave mirror. The position 
of the object can be at the center of the mirror 
curvature or between the vertex and the cen-
ter of the mirror curvature. Based on this fact, 
note the following statements related to the P 
shadow: (1) real, inverse, equal to P, (2) real, 
upside down, smaller than P, (3) virtual, upright, 
bigger than P, (4) real, upside down, and bigger 
than P. Of the four statements, which one is li-
kely to occur? Explain how it happened, state 
the concepts, principles, laws, and physics the-
ories that are related!

How to solve the problem: Students are 
asked to write down which statement number 
of the four statements has the chance to oc-
cur. In the instructions should be notified to 
students that of all statements given there is 
a possibility that all statements may not occur, 
some statements may occur, or all statements 
may occur. Furthermore, outside of the state-
ment provided, students are also given the op-
portunity to add answers or other statements 
that might occur.

Answer: Possible statements are statements 
(1), (3), and (4).
Explanation:
Statement-1: occurs when object P is right at 
the center of the mirror curvature
Statement 3: occurs when object P is between 
the vertex and the mirror’s focal point
Statement-4: occurs when object P is between 
the center of the curvature and the focal point 
of the mirror
Additional answers: no shadows or shadows 
are formed at infinity.
Statement (additional answer): occurs when 
object P is right at the mirror’s focal point.

The results of this study indicate that the 
Modified causal thinking process with scaffolding 
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type 2a with a 5% significance and also the type 
2b can increase students’ problem-solving abili-
ty (PSA). However, the improvements in PSA in 
both treatments were not significantly different. 
The results of this study are in line with pre-
vious studies conducted by Rohkmat (2013) 
that causal and analytical thinking processes 
(CTAP) with a significance level at 5% have 
a positive effect on increasing PSA. However, 
the type or pattern of the causal thinking pro-
cess used is a standard pattern. Regarding 
the causal thinking process with scaffolding 
type 2a, Putrie (2016) and Tamami, Rokhmat, 
and Gunada (2017) have conducted similar re-
search. The research results of Putrie (2016) 
show that the modified causal thinking process 
with scaffolding type 2a assisted by worksheet 
on dynamic electrical learning with a significan-
ce of 5% can increase students’ PSA. Similar 
results also occur for the study of geometric op-
tics (Tamami et al, 2017). Regarding the causal 
thinking process with scaffolding type 2b, Yuli-
ana (2016) and Yuliana, Rokhmat, and Gunada 
(2017) stated that learning by applying causal 
thinking processes with scaffolding type 2b as-
sisted by worksheet has a positive influence 
on students’ PSA. Other research results by 
Helmi, Rokhmat, and Ardhuha (2017) stated 
that the modified causal thinking approach with 
scaffolding type 2b assisted by the worksheet 
has a positive effect on students’ PSA on the 
dynamic fluid material.

Although each type affects increasing 
PSA, the assistance in the form of explanation 
added to the worksheet of CTP scaffolding type 
2b does not have a significant effect on increa-
sing students’ PSA. It is because of some stu-
dents in class 1 did not answer the reasoning 
since they were confused even though they had 
been given explanatory assistance, especially 
in determining the concepts, principles, theo-
ries, and related physical laws. It is related to 
the constraints faced in the research process, 
and it is proved as the limitation of the study. 

The obstacle was the limited time to dis-
cuss physical phenomena; then each group 
was only provided by one worksheet. Therefo-
re, the learning process was limited, only some 
students in each group could understand the 
problem. Next, students’ ability to comprehend 
the worksheet was limited. The worksheet 
was unfamiliar to them, and it made them as-
ked many questions related to the command 
in filling the worksheet space. Also, they were 
still confused in understanding the sentences 
in the physical phenomena presented in the 

worksheet.
To overcome these limitations, students 

need to do an initial task to recall their basic 
knowledge in solving physical phenomena and 
do not take long to find references. Also, it is 
better to provide the worksheet for students 
with at least two students one worksheet to fa-
cilitate the learning process. Furthermore, an 
explanation in using the worksheet must be 
conducted at the beginning of the lesson. The 
sentences modification to fit the students un-
derstanding is suggested to ease the learning 
process. Also, special handouts related to the 
material being discussed can be considered; 
therefore, the exploration process of reference 
material can be more effective. These recom-
mendations are in line with Rokhmat, Marzuki, 
Hikmawati, and Verawati (2017), which means 
that to overcome the limitations of implemen-
ting the causal thinking approach, among ot-
hers, by providing handouts, using only one 
phenomenon in each worksheet, is given an 
example of a phenomenon that has been ans-
wered in full, as well as the provision of preli-
minary assignments at least two days before 
face-to-face learning.

CONCLUSION

Based on the results of research con-
ducted in MAN 2 Mataram in class XI students 
in the 2016/2017 school year, data analysis 
with a significant level of 5%, and discussion, 
it can be concluded that the modified causal 
thinking process with scaffolding type 2a in-
fluenced the improvement of the problem-sol-
ving ability (PSA) of students. However, there 
was no significant difference between the two 
CTPs. Assistance in the form of explanation 
on the causal thinking process with scaffolding 
type 2b was only seen in some indicators of 
problem-solving (IPS), and it did not significant-
ly affect the increase in PSA.
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ABSTRACT

Research on developing experimental problem solving-based learning program to overcome the low mental 
model (MM) and mental-modeling abilities (MMA) physics teacher candidate in one of the college teachers 
in Palu have been conducted. Mental model construction is the “core” of meaningful learning and along with 
MMA (modeling) become a keyword to understand the key concepts in the science learning. The development 
of this learning program was using R & D method. Development process from requirement analysis phase 
until implementation process has already been described using 4D model: define, design, develop and 
disseminate. The subject matter of this research was the Basic Physics II course on the topic of electricity 
and magnetism. Based on the data analysis and findings at each stage of development, it is concluded that 
the learning program stages which have improved MM and also enhanced the MMA of physics teacher 
candidates consist of learning orientation phase; orientation to the problem; pre-experimental brainstorming; 
experiment; evaluation; as well as the phase of reinforcement and follow-up. 

ABSTRAK

Penelitian tentang pengembangan program berbasis eksperimen problem solving untuk mengatasi rendahnya 
mental model (MM) dan mental-modeling abilities (MMA) calon guru fisika di salah satu guru perguruan 
tinggi di Palu telah dilakukan. Konstruksi model mental adalah inti dari pembelajaran yang bermakna dan 
bersama dengan MMA (pemodelan) menjadi kata kunci untuk memahami konsep-konsep kunci dalam 
sains. Pengembangan program pembelajaran ini menggunakan metode R & D. Proses pengembangan dari 
tahap analisis kebutuhan hingga proses implementasi dijelaskan menggunakan model 4D: define, design, 
develop, disseminate. Materi yang dikaji dalam penelitian ini adalah mata kuliah fisika dasar 2 tentang topik 
listrik dan magnet. Berdasarkan analisis data dan temuan pada setiap tahap perkembangan, disimpulkan 
bahwa tahapan program pembelajaran yang telah memperbaiki MM dan juga meningkatkan MMA calon 
guru fisika terdiri dari fase orientasi pembelajaran; orientasi pada masalah; pra-brainstorming eksperimental; 
percobaan; evaluasi; serta fase penguatan dan tindak lanjut.  

Keywords: Course Program; Mental Model; Mental-Modeling Ability (MMA); Problem Solving Laboratory

and Tallman and Henderson, 1999). Mansyur 
(2010), reported that the higher the academic 
level of a person, the better the mental model 
and the higher the ability to solve problems. 
This means that a person’s mental model is 
dynamic can change with increasing learning 
experience (Corpuz & Rebello, 2011) and con-
text dependent (Didiș, N., et al, 2014). A good 

INTRODUCTION

Mental models and mental modeling abil-
ities are two important factors in the problem 
solving process (Mansyur, 2010; Wang, 2007; 
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mental model has been constructed from links 
between elements of the problem description 
and underlying knowledge (Mansyur, 2010). 

The process of understanding how the 
system works requires individuals to construct 
a mental model of the system in their minds. 
This can be done by building a network of relat-
ed concepts and understanding the functional 
relationship of a number of different aspects 
and levels of the system based on daily knowl-
edge and experience (Vosniadou, et al, 2004). 
Jansoon, et al, (2009) divides mental model 
levels into three levels:

Level 1: the model is seen as a “toy” or 
a “copy” of reality. The model created at this 
level is not based on concept and only based 
on experience that cannot explain the problem.

Level 2: the model can lead to goals ex-
plicitly and specifically. The model made at this 
level is based on the concepts and phenomena 
that are displayed (context) in the problem but 
cannot be developed.

Level 3: the model has been constructed 
to develop and test an idea, and can be manip-
ulated and operated against the test. Models 
at this level are dynamic, can be constructed 
based on concepts, contexts, and can be de-
veloped to solve problems that are seen in the 
presence of several alternative solutions.

The ability to use or to change mental 
models while the model used cannot be applied 
or is inappropriate in the problem solving pro-
cess is called mental-modeling ability (MMA). 
According to Wang (2007), high mental-mo-
deling ability (H-MMA) is characterized by the 
emergence of abilities:
1) Resulting mental models in the form of dia-
grams or other relevant forms of representa-
tion.
2) Being able to reconstruct, manipulate, or ad-
just the mental model based on propositions or 
problem conditions.
3) Re-arranging the approach based on the 
problem.
4) Monitoring the process of explaining and 
constructing the mental model, as well as
5) Checking and matching mental models and 
answering problems using an alternative ap-
proach if the problem is relatively new.

It is undeniable that the ultimate goal of 
learning physics is the ability to solve problems 
(Korsunsky, 2004). Likewise on the standard 
of higher education learning processes that 
require problem solving competencies for gra-
duates (Kemenristekdikti, 2015). The transition 
of the problem solver categories of novice to 

an expert requires an increase in problem sol-
ving abilities (Walsh, et al, 2007). This increase 
is able to be trained through problem-based 
learning (Komariah, K., 2011; Tallman & Hen-
derson, 1999). The results of the research by 
Supriyatman, et al (2014) on physics education 
students of one of the state universities in the 
Central Sulawesi in the second and fourth se-
mester who were attending the Basic Physics 
II and Magnetic-Electricity courses, showed 
that the low level of students’ mental models in 
the concepts of electricity and magnetism, and 
even tended to misleading in choosing a con-
cept and experiencing misconceptions.

Based on the results of preliminary stu-
dies that have been conducted, it was found 
that the learning activities do not support the 
improvement of mental model abilities of stu-
dents. This fact is quite apprehensive consi-
dering they are prospective teachers who will 
teach these concepts to their students. There-
fore, to improve the ability of students’ mental 
models, especially in electricity and magnetic 
topics, it is necessary to design learning pro-
grams that can train students to solve problems 
regarding with the topics systematically. One of 
the methods utilized is hands on and minds on 
activities. By using hands on and mind on acti-
vities, students are able to be trained to solve 
problems, increase their learning experience 
and are able to use less energy in accessing 
and organizing cognitive elements.

METHOD

This research is a research and deve-
lopment research (R & D) of 4D model (define, 
design, develop and disseminate) from Thiaga-
rajan, et al (1974) to develop Basic Physics II 
courses on electricity and magnetism concepts 
that is able to improve mental models and to 
enhance the MMA of physics teacher candi-
dates. The preliminary step of this research 
were initial investigating to the students’ mental 
model and MMA profile on electricity and mag-
netic concepts (Supriyatman, et al., 2014); to 
analyze the curriculum documents, lesson plan 
(SAP), and final test documents. At the design 
stage, based on the results of the mental mo-
del analysis, MMA, and the document profiles, 
the purpose of each step of the development 
and constructing of the learning program have 
already been planned.

The learning program carried out was 
complemented by several instruments, inclu-
ding SAP (lesson plans), LKM (students’ work-
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sheets), PD (lecturers’ guidelines) and problem 
solving tests related to the topics which were 
studied. The four learning instruments were va-
lidated by four physics experts both in terms 
of content and learning aspects. The results of 
expert validation are then utilized as the basis 
for the revision and the revised instruments are 
then tested. Problem solving in addition to ex-
pert validation was also carried out field vali-
dation. 

To obtain field validation, the draft of the 
problem solving test was tried out to 49 second 
semester students who had attended electricity 
and magnetism lectures. Furthermore, based 
on the results of the validity analysis, a number 
of questions were chosen which were ready 
to be utilized in the study. The next step, SAP, 
LKM, PD, and problem solving tests are imple-
mented in Electricity and Magnetism learning 
which is attended by 33 students in the fourth 
semester. The research data at this phase 
have already been analyzed and utilized as a 
consideration to revise the draft program and 
the instrument (develop-phase). The results of 
the revision of this phase are then re-validated. 
Furthermore, to determine the effectiveness of 
learning programs that have been designed, 
revised research instruments are then imple-
mented to the 29 students participating in the 
Basic Physics II lecture on the concept of elec-
tricity and magnetism (disseminate phase). 

Learning indicators of successful pro-
gram implementation are determined from a 
minimum of 75% of respondents (lecturers 
and students) who agree and strongly agree 
and the improvement of mental models, MMA 
and problem solving scores. The instruments 
utilized to collect data were students’ response 
sheets, lecturers’ response sheets, Electricity 
problem solving tests, and Magnetism prob-
lem solving tests. In problem solving tests, the 
methods of data collection utilized were three 
ways, namely traditional tests (paper and pen-
cil test), thinking aloud, and semi-structured 
interviews to explore the consistency of stu-
dent answers, especially in determining mental 
models and MMA.

RESULTS AND DISCUSSION

Define phase
Document analysis results in the define 

phase show that SAP and experiment instruc-
tions are still traditional learning, the learning 
carried out still uses the pattern: Lecture - Ex-
ercise - Assignment. Experimental guidance 

are still in the form of cook-books and separate 
from supporting courses. Exam questions for 
students are also rarely found using a form of 
problem solving tests.
 
Design phase

The learning program has ever been de-
veloped consists of learning tools: lecture mod-
els as learning process syntax contained in the 
learning implementation of lesson plan (SAP), 
student learning guides contained in student 
worksheets (LKM), lecturer guidelines (PD) as 
lecturer guidelines in guiding student learning 
and problem solving tests as an instrument to 
conduct an assessment in exploring mental 
models, mental-modeling ability (MMA) and 
problem solving abilities. 

The learning model developed is a prob-
lem solving based lecture model based on the 
Simanjuntak’s framework (2012) which is used 
to improve meta-cognition skills. The applica-
tion of this model is able to improve student 
cognition and meta-cognition on the topic of 
Kinematics and Dynamics in the medium cat-
egory (Mariati, et al, 2017). This model consists 
of five phases: Phase 1 Orientating students 
on problems; Phase 2 Organizing students 
to study; Phase 3 Guiding a problem-solving 
based investigation individually and in groups, 
Phase 4 Developing and presenting the results 
of the investigation, Phase 5 Strengthening 
and following-up to learning. The part devel-
oped in this research is to include the process 
elements in the formation of mental models in 
Phase 3 by adding a POE strategy (predict, 
observe and explain). This strategy has been 
utilized by Wang (2007) and Khanthavy (2012) 
to investigate students’ mental models. These 
phases and the activities of lecturers and stu-
dents in each phase are stated in SAP. 

Experiments conducted in this study us-
ing real lab and virtual lab. Real lab is used 
in experiments that require real observation 
(can be observed by the five human senses), 
whereas in experiments that require observa-
tion of abstract quantities, a virtual lab have 
been used. According to Zacharia and Ander-
son (2003), understanding the concept of stu-
dents on the abstract concept by experiment 
using a virtual lab is higher than that of students 
who use real labs. This program is designed 
in nine-meetings with three lecture units (three 
credits), with a composition of seven lectures 
and two exams.

The students’ activity sheet (LKM) de-
veloped has been adapted from the models of 
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Heller, Keith, and Anderson (1992) which fea-
tured nine steps of problem solving strategies 
in solving physics problems experimentally: 
(1) questions (real-world problems); (2) equip-
ment; (3) prediction; (4) method questions; (5) 
exploration; (6) measurement; (7) analysis; 
(8) evaluation and (9) conclusions. Topics dis-
played in this problem solving consist of seven 
topics, that are; electric charge, capacitors 
combination, switch and lamp combination, RC 
circuit, voltmeter, induction emf, and generator.

Lecturer’s guidelines (PD) have been de-
veloped referring to the LKM that have been 
made. PD as a lecturer guide was used to con-
duct problem-based experiment processes so 
that the structure follows the structure of the 
LKM. Basically this PD contains the possibil-
ity or alternative answers of students in doing 
problem solving.

Assessment instruments have been de-
veloped referring to the real-world problem of 
Heller & Heller (1999) in their book of Coopera-
tive Group Problem Solving in Physics. Prob-
lem solving tests in the form of rich problem 
tests, students as problem solvers are required 
to solve contextual problems using several re-
lated concepts. Students should have being the 
ability to analyze problems, link concepts be-
tween contexts, make analogies, and explain 
using appropriate representations (Gilbert, et 
al, 2008). 

Problem-solving tests (PS) have electric-
ity and magnetism topics that are used differ-
ently from essay tests in general, especially in 
the test instructions. The test instructions are 
listed: “Do the following questions by giving an-
swers based on your knowledge. Write clearly 
along with a sketch or picture as an illustration 
of everything you think about when answering 
the question on the answer sheet. This guide is 
written with the intention that researchers can 
access their mental model as a substitute for 
thinking aloud.

Develop phase
Model and instrument tests have been 

conducted on 4th semester students who par-
ticipated in Electricity and Magnetism courses. 
The model used consists of 5 phases: Phase 
1 Orientating students on the problem, Phase 
2 Organizing students for learning, Phase 3 
Guiding individual and problem-solving based 
group inquiry, Phase 4 Developing and pre-
senting the results of investigations, Phase 5 
Strengthening and following-up learning. This 
model has been elaborated in the program 

tools in the form of SAP and PD as instructors 
for lecturers and LKM as a guide for students 
in solving experimental-based problems. Lec-
ture material at the Basic Physics level consis-
ting of four topics on electricity problems and 
three topics on Magnetism problems planned 
in seven meetings and two tests. The electrici-
ty problem-solving test is carried out after the 
end of the electricity topic and the Magnetism 
problem-solving test is carried out after the end 
of Magnetism topic. Each meeting uses 3x50 
minutes which is equivalent to three credits.

This testing phase has aver used one 
group post-test designed and obtained data 
about mental models, MMA and problem sol-
ving scores as shown in Table 1. Increased 
problem solving scores (PS) from 16% who had 
a score above 7 in electricity material to 41% in 
magnetic material. This can also be seen from 
the increase in the number of students who ex-
perienced MM improvement at level 3 from 6% 
to 14%, and MMA on H-MMA from 8% to 19%.

Table 1. Recapitulation of program test results

Aspects measured
Electricity

Topics/ 
Number of 
Students (%)
Magnetism

Level of 
MM

NC (%) 10 15
Level 1 (%) 59 43
Level 2 (%) 25 29
Level 3 (%) 6 14

Cat-
egories of 
MMA

Blank (%) 10 15
L-MMA (%) 61 29
M-MMA (%) 21 38
H-MMA (%) 8 19

Scores of PS ≥ 75 16 41
Notes: 
NC : not clear (mental mod-
el not accessible / answer blank) 
Blank : MMA cannot be accessed 
% ∆ : Percentage of the number of students 
who experienced a better change
L-MMA  : Low-mental modeling ability
M-MMA : Moderate-mental modeling ability
H-MMA : High- mental modeling ability 

In the testing phase although it has de-
scribed an increase in PS scores, an increase 
in the number of students who managed to im-
prove MM, and an increase in MMA, but there 
are still deficiencies in the learning process. 
These weaknesses include students still hav-
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ing difficulty finding concepts related to prob-
lems; and connecting with the problems given 
to the right solution; and do not conduct evalu-
ation and meta-cognition (Supriyatman, et al, 
2018). These findings were then used as mate-
rial in revising lecture programs based on de-
veloped problem solving experiments.

The implementation phase was carried 
out using the pretest - post-test design method 
to 29 students participating in the Basic Phys-
ics II course. The learning phases carried out 
are as follows: Phase 1 Orienting students to 
the learning; Phase 2 Orienting students to 
problems; Phase 3 Guiding students to pre-
experimental brainstorming; Phase 4 Guiding 
individual- and group- inquiry based on prob-
lem solving; Phase 5 Evaluating problem solv-
ing results, and Phase 6 Strengthening and 
following-up learning. These stages are then 
refined by sharpening the emphasis on MM 
construction (Phase 3) and the characteristics 
of H-MMA (Phase 5). The improvement of this 
stage was able to reaffirm the increase in PS 
scores, MM improvement, and increase in the 
teacher’s MMA as shown in Table 2.

Table 2 shows that students who have 
participated in learning programs and problem 
solving-based experiment experience an inc-
rease in problem-solving skills both on the to-

pic of electricity and on the topic of magnetism. 
This increase is indicated by an increase in PS 
scores of 38.3% in the topic of electricity and 
38.1% in the topic of magnetism. The lecture is 
able to improve MM students both on electricity 
topics and on magnetism topics. Students ex-
perience MM improvement in the topic of elect-
ricity at 58% and 59% on magnetism topics.

The lecture program that was develo-
ped has also increased student MMA both on 
both topics. The increase in student MMA was 
obtained from the percentage of students who 
experienced an increase in the MMA category 
in the post-test results. Students experienced 
an increase in MMA on the topic of electricity 
by 63% and on the topic of magnetism by 64%.

The following is an example of improving 
the level of M25 students’ mental models in wor-
king on electricity material problem solving tests: 
Problem: “As a researcher, you are tasked with 
investigating the electricity properties of metal 
modifications of your research. Your initial step 
will be to determine the metal resistivity proper-
ties (ρ) and for this purpose you prepare two 
similar metal groups. The first group consists 
of three metal rods of the same diameter but 
vary in length and the second group consists 
of three metal rods with different diameters but 
the same length. Make predictions from the two 

Table 2. Recapitulation of the results of program implementation.

Aspects Measured
Pretest

Electricity Topics Magnetism Topics
Posttest Pretest Posttest

Level of MM

NC 13 2 16 7
Level 1 55 29 51 22
Level 2 30 52 30 39
Level 3 2 17 3 32

%∆ 58 59

Categories of 
MMA

Blank 13 2 15 7
L-MMA 66 35 60 24
M-MMA 21 44 22 37
H-MMA 0 19 3 15

% ∆ 63 64
Problem- solving 

Scores
Scores 3.5 5.9 3.3 6.9
N-Gain 38.3 38.1

Notes: 
NC : not clear (mental model not accessible / answer blank) 
Blank : MMA cannot be accessed 
% ∆ : Percentage of the number of students who experienced a better change
L-MMA  : Low-mental modeling ability
M-MMA : Moderate-mental modeling ability
H-MMA : High- mental modeling ability
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groups of metals, design the steps of the inves-
tigation, what data are needed, make a table of 
observations, and analyze the data.”

Answers to the initial M25 student tests in 
the level 2 mental model category:

 
 “To investigate the electricity properties of 
metal modification, the data needed to de-
termine the metal resistivity level (ρ) is 
the length, cross-sectional area, current. 
Based on this we need to see the current flo-
wing to see the magnitude of metal resistivity. 
Thus, the metal resistivity which is influenced 
by the cross-sectional area and the length of 
the metal rod and the current flowing in the me-
tal rod we can determine the resistivity level.”

 
The answer to M25 above has shown that 
the model formed in analyzing problems has 
used the correct concept. The M23 model 
has explicitly guided the expected solution. 
But at the end of the answer, M25 students 
do not display the form of representation in 
the form of equations or images that exp-
lain or guide in the problem solving process. 
So that M25 is categorized as MM level 2. 
 
M25 student final test answers:

 
“After reading the problem first in this case that 
is to determine the metal resistivity properties 
(ρ) and two similar metal groups are prepared 
with the first group division of three metal rods 
of the same diameter but varying in length and 
the second group consists of three metal rods 
whose diameter different but the same length. 
The thing that needs to be done to test is to 
prepare an electricity measuring device such 
as a voltmeter and ampere-meter and then we 
utilized the power supply, the ruler to measure 
the length and micrometer of the screw and 
the calipers as other supports. Then we ob-
tained the data needed, namely, the length of 
the metal rod, diameter, current strength, and 
stress on the metal rod. In determining metal 
resistivity (ρ), this process has been influenced 
by two factors, namely the length and width of 
the conductor or metal. The diameter we obtain 
is used to calculate the metal cross-sectional 
area with us assuming a metal cross section is 

a circle so that .

Table 3. (for the same diameter and length)
Length (M) D(m) A (m2)

5.10-1 2.10-2

4.10-1 2.10-2

3.10-1 2.10-2

Table 4. (for different diameter and the same 
length)

Length (M) D(m) A (m2)
2.10-1 5.10-2

2.10-1 4.10-2

2.10-1 3.10-2

It can be seen that for similar materials 
have “the same metal resistivity”.

The answer to M25 appears to be 
an improvement in the use of representa-
tions in the form of tables and equations 
used in the problem solving process. The 
dynamics of the model built by M25 gui-
de him in solving problems. So that M25 in 
the final test is categorized as MM level 3. 
 
Example of Improvement of MM M23 students 
on magnetism context number 2. Answer of M23 
at MM level 2 at initial test and level 3 at final test: 
M23 initial test answer:

“I decided that because, as we know, 
the compass needle always points towards the 
north and south which is caused by being at-
tracted by the South Pole and the north pole 
of the earth’s magnet, which is why I decided 
to use a compass. Then to determine the mag-
nitude of the magnetic field qualitatively using 
a compass in my opinion, by using an electric 
current wire the coil of iron-core wire that is 
electrified can draw iron and steel. This shows 
that an electric wire coil can produce a magne-
tic field. When the electric current flowing in the 
conveyor is enlarged, it turns out that the com-
pass needle pole deviates even further.”

M23 final test answers:
“In this case I decided to use a compass 

because the first there was no tool to be used. 
Then the second, as we know, the earth’s mag-
netic poles move so slowly that the compass 
can still function if it is used to measure mag-
netic fields. Then to determine the magnitude 
of the magnetic field qualitatively, namely: a 
compass needle placed in a magnetic field 
will align its position with the magnetic field 
line. The North Pole will show the direction 
of the magnetic field at that point. If the com-
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pass needle is moved at the point around the 
wire that is running, then the compass needle 
will appear to move in the direction of the tan-
gent to the circle centered on the wire. From 
the above events it can be concluded that the 
direction of the magnetic field line due to the 
current wire is parallel to the tangent lines of 
the circle centered on the wire with the di-
rection indicated by the compass north pole. 
There is another way besides using the com-
pass in this case by using the right hand rule.”

The final test pattern answer M23 indica-
te that the thinking pattern constructed by M23 
showed an understanding that the field pre-
sented by the compass is a magnetic field at 
the point where the compass is located, using 
the correct concept with a fairly clear expansi-
on. M23 also builds its mindset by showing al-
ternative solutions that can be developed. M23 
is not rigid with the models that have been built 
at the beginning of problem solving.

Level 3 mental model (MM) category is 
also shown by M15 and M22 in the context of 
number 3 magnetic material with the final test 
answers as quoted below.

M15 final test answers:
“First, speed up the flow of water until it 

rotates faster we can add the rotor in the ge-
nerator section, because this rotor is a rotating 
part of the generator. This rotor consists of a 
magnetic field that produces magnetic flux. Se-
cond, increase the number of coils. It is becau-
se when the spinning coil causes a change in 
magnetic flux so as to produce a current, the 
current enters the circuit with the outer circuit, 
so that the lamp turns on, because of a coil that 
can rotate through a magnetic field and pro-
duce magnetic flux. The rotating coil causes a 
change in magnetic flux so that it cuts the coil. 
This will produce a current. Like the Figure 1.

This respondent’s answer has used the 
concept clearly, linking the problem with the 
generator working principle until the reasons 
for the problem are found. The mental model 
of respondents has guided specific and expli-
cit goals. Respondents in explaining physics 
phenomena also use representations in the 
form of images, diagrams and analogies.

M22 final test answers:
“The reason why two alternative solu-

tions to the problem were taken because ac-
celerating the flow of water will cause the tur-
bine will spin faster. The faster water flow and 
turbines spinning rapidly the better the electric 
generator work (based on principle), so that 
the light produced will be maximally bright and 

there will be no more dim lights. Because ba-
sically the lights that light up with the help of 
an electric generator will also die or get to the 
minimum point (0) but we cannot see it becau-
se it is visible because the resulting frequency 
is approximately 60 Hz. It means 60 per se-
cond waves. To produce a bright enough light 
by increasing the number of coils on the elec-
tric generator it is very supportive because the 
more the number of coils will produce a large 
magnetic induction so that the current will also 
increase.”

Figure 1. Working principle of generator (M15 
student answer)

 
Respondents at this level are able to 

build a mental model by connecting the prob-
lem of lights that flash with the speed of water 
flow and turbines. Respondents are also able 
to connect the concept of waves to alternating 
current (AC) with the lights through the fre-
quency concept; able to represent mental mo-
dels macroscopically and microscopically; and 
using mathematical representations to further 
clarify the physical phenomena displayed.

The description above shows that the 
mental models of prospective physics teach-
er students on the concepts of electricity and 
magnetism are diverse. Each individual has 
their own way of building their mental model 
based on experience, analytic skills, and also 
the establishment of concepts they have. Stu-
dents build their mental models depending on 
context, are dynamic and depend on student 
groups (the initial knowledge they have). The 
data are in line with research conducted by 
Corpuz and Rebello (2011) which revealed that 
mental models are essentially dynamic and 
context dependent and depend on the expert 
and novice groups (Chi, et al, 1981). This re-
search data shows that students who have a 
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level 1 mental model do not have an establis-
hed concept and are not able to connect bet-
ween reality and their concepts. This is the im-
portance of the stage of brainstorming (Phase 
3) carried out together in groups consisting of 
heterogeneous in terms of academic ability. At 
this stage also carried out efforts to train pros-
pective physics teacher students in building, 
changing, or modifying mental models and 
using them in problem solving (mental mode-
ling ability process).

Activities in this learning program directly 
make students care about doing meta-cogni-
tion, what and how mental models can help 
in understanding problems (Mark, 2012). The 
same thing is also stated by Lee, et al (2005) 
that alternative conceptions and mental models 
as part of cognitive psychology if combined 
in science learning, will be the approach that 
produces the best learning (Lee, et al, 2005). 
Likewise the tests used in evaluating utilized 
a form of rich problem tests. This form test al-
lows students to use all their knowledge skills 
to analyze qualitatively before manipulating 
mathematical equations, connecting concepts 
in context, looking for alternatives, and evalua-
ting the solutions (Al-Diban, & Ifenthaler, 2011; 
Heller & Heller, 2010).

The program have already trained stu-
dents to produce mental models in the form of 
diagrams or other relevant forms of representa-
tion (Phase 3), reconstructing, manipulating, or 
adjusting mental models based on propositions 
or problem conditions (Phase 4). This learning 
program also trains students to reconstruct 
their approaches to problems and constant-
ly monitors the process of explaining and 
constructing their mental models, checking and 
matching their mental models and answering 
using alternative approaches if problems are 
relatively new (Phase 5). From this whole pro-
cess, it is expected that trained students solve 
problems based on H-MMA indicators/ criteria. 
This problem solving based learning strategy 
is consistent with the results of Wang (2007) 
research that applies problem-based lectures 
that have been able to increase student MMA 
on the molecular structure and Marks (2012) 
who applies problem-based learning and POE 
strategy interviews to improve students’ mental 
modeling skills on dynamic electricity topics.

The increase in student MMA is both 
in the topic of electricity and magnetism, in 
line with research conducted by Wang (2007) 
which resulted that students with novice and 
intermediate categories are more easily inter-

vened through learning than the expert group. 
Jusman (2010) in his research found that MMA 
respondents increased along with the increase 
of their academic level. This implicitly explains 
that the learning process influences the inc-
rease in the MMA category (Mansyur, 2010; 
Maloney, et al, 2008; Koponen, 2007).

The following are examples of thinking 
aloud and Interview about Event (IAE) of M22 
respondents. Transcripts of thinking aloud M22:

“[Reading the problem of number 1 elec-
tricity] ... um ... the location of the farm loca-
tion ... under SUTET (high voltage power line) 
[the student repeats but slowly while analyz-
ing the problem]. Eee .. [scratching his head 
while looking blankly in the future like thinking 
about something]. [Returns writing] compass ... 
draws a compass [silence] (the results of the 
image are shown in Figure 2). (Again watch-
ing the problem) using a compass ... using a 
compass. eeee ... we have what this is ahhhhh 
... We know that the compass ... (while looking 
around) is a tool ... (staring up) that can help 
find out the amount of current. Because of the 
increasing voltage, the ... (pause) the compass 
will be affected by the voltage because the 
compass is also affected by the voltage. So ... 
(while looking at the question closer) the elec-
tricity ... then ... the bigger the magnetic field 
... the compass will deviate, deviate ... (write) 
“this compass before it is in the location of the 
SUTET. After the location of the SUTET, the 
compass will deviate either up or down. 

 

Figure 2. Figure of compass by M22
 
M22 writes (draws) the compass after 

being in the SUTET location (drawing) Figure 
3.

“Suppose this south east is west of this 
north. Here is a deviation.”
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Figure 3. Picture of compass deviation by M22

“The images of these points are images 
of deviation from the compass needle (Figure 
3). Deviations up or down we do not know de-
pends on the source of the magnet.”

The results of the interview with M22 
also confirmed that M22 remained in its con-
crete thinking, namely compass. M22 does not 
think of the concept that “around a wire with a 
magnetic field”. The following is the quote:
Q: After you read the problem at number one 
what do you think?
M22: It’s good, sir, because it’s affected by 
magnetic fields. Because the greater the mag-
netic field, the compass gets bigger and bigger 
[...].
Q: What do you think is a solution? 
M22: I think that is a solution from me too sir...
Q: Or ... has there been any previous experi-
ence?
M22: If you don’t have experience.
Q: [...] do you also think about what concepts 
can be applied to solve the solution?
M22: I do not master the concept of sir. Still 
shallow....
M22: Yes Sir. Make what I think is a compass. 
So, I described the compass first.

Thinking aloud results and M22 inter-
views in the context of number one magnetic 
material in forming a problem solving model 
that starts with analyzing the problem context 
qualitatively along with images, always mo-
nitoring the problem solving process by mat-
ching each answer with the problem, and self-
checking the results of the work. But the model 
built at the beginning does not change when 
there is a new thought “the magnetic field is 
affected by the magnitude of the voltage” (per-
haps considered wrong), M22 remains in the 
compass as a concrete matter.

CONCLUSION 

Based on the data analysis and the dis-
cussion, it can be concluded that the learning 
program developed is able to improve MM and 
to increase the MMA of Physics teacher candi-
dates, especially the concepts of electricity and 
magnetism. A significant phase in improving 
MM is the phase of brainstorming (Phase 3). 
At this phase students are guided to form MM 
through discussions with group members. A 
significant phase in improving MMA is the pha-
se of guiding individual and group investiga-
tions based on problem solving (Phase 4) and 
the phase of evaluating problem solving results 
(Phase 5). In these two phases students are 
trained to use MM to solve problems and moni-
tor every stage of the problem solving process.
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ABSTRACT

The research aims to determine the effect of using cooperative learning model type STAD on learning 
science to students’ performance in rational thinking skills and learning outcome. The point of view of this 
influence is seen from the presence or absence of improvement rational thinking skills activity of cognitive 
learning outcomes after treatment. The research used experimental method with the design One Shot Case 
Study and took place in SMPN 3 Gorontalo. The data obtained were students’ performance in rational 
thinking skill and learning outcome gathered by observation sheet of students’ activity and test sheet. The 
result show that increase in average score of students’ performance in rational thinking in the third meeting 
compared to the first meeting by indicators of information digging, information processing, problem solving, 
and conclusion formulating. The overall result shows that the students’ performance in rational thinking 
skills achieves good criteria; additionally, the students’ learning outcomes achieve average score of 83.81, 
categorized as B (good).

ABSTRAK

Penelitian ini bertujuan melihat pengaruh penggunaan model kooperatif tipe STAD pada pembelajaran IPA 
terhadap kecakapan berfikir rasional dan hasil belajar kognitif siswa. Pengaruh ini dilihat dari ada atau 
tidaknya peningkatan aktivitas kecakapan berfikir rasional dan hasil belajar kognitif siswa setelah diberikan 
perlakuan. Penelitian ini menggunakan metode eksperimen dengan desain One Shot Case Study yang 
dilaksanakan di SMP Negeri 3 Gorontalo. Data yang diperoleh berupa aktivitas kecakapan berfikir rasional 
siswa dan hasil belajar kognitif yang dijaring dengan menggunakan lembar pengamatan aktivitas siswa 
dan lembar tes. Hasil yang diperoleh menunjukkan terjadi peningkatan rerata skor aktivitas siswa untuk 
kecakapan berfikir rasional pada pertemuan ketiga bila dibandingkan dengan pertemuan pertama untuk 
masing-masing indikator menggali informasi, mengolah informasi, memecahkan masalah dan membuat 
kesimpulan. Hasil penelitian secara keseluruhan menunjukkan perolehan dengan kriteria sangat baik untuk 
kecakapan berfikir rasional siswa, dan untuk hasil belajar kognitif siswa diperoleh rerata skor sebesar 83.81 
dengan predikat B (baik).   

Keywords: Learning Outcomes; Rational Thinking Skills; STAD

problems creatively. Research conducted by 
Mugambi and Muthui (2013) shows that life 
skills enable students to overcome life’s prob-
lems and make important choices for their lives 
now and in the future. Other studies by Khera 
and Khosla (2012) show that by developing life 
skills oriented learning, in general can help stu-
dents in translating knowledge, attitudes and 
values   in healthy living behavior. Permendik-
bud 2013 states that the goal of science edu-

INTRODUCTION

Efforts to provide mastery of basic com-
petencies to students in the learning process 
that lead to mastery of life skills need to be 
done, so that they have the courage to face 
problems in life and be able to solve these 
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cation emphasizes the understanding of the 
natural environment and natural resources that 
need to be preserved within the framework of 
physics, chemistry and biology. This indicates 
that science learning not only emphasizes the 
mastery of a collection of knowledge, but also 
a process of discovery that actively involves 
students and is oriented towards life skills that 
act as a tool to help students develop learning 
abilities (Kemendikbud, 2016). 

Life skills that are intended are skills 
which refer to a variety of abilities of a per-
son to be able to obtain life with success, 
happiness, and dignity in society. Setiorini 
and Munoto (2016) explained that life skills 
are the ability and courage to deal with life’s 
problems, then proactively and reactively 
seek and find solutions to overcome them. 
According to the concept, life skills can be divi-
ded into five parts, namely: 
(1) The ability to know oneself (self aware-
ness), which is often called personal abil-
ity (personal skill). These capabilities include: 
(a) self-esteem as creatures of God Almighty, 
members of society and citizens, (b) realizing 
and grateful for the strengths and weaknesses 
that they possess as well as making them capi-
tal in improving their quality as individuals who 
benefit themselves and their environment
(2) Thinking skills. These skills include: (a) the 
ability to gather and find information, (b) the 
ability to process information and make deci-
sions, (c) creative problem solving skills;
(3) Social skills which include: (a) communica-
tion skills with empathy, (b) the ability to work 
together, empathize, understanding attitude 
and the art of communication is not just con-
veying messages, but the content and arrival 
of messages accompanied by good messages, 
will foster a harmonious impression, 
(4) Academic skills. Often called the ability to 
think scientifically (scientific method), includ-
ing, among others, identification of variables, 
formulating hypotheses, and carrying out re-
search, and 
(5) Vocational skills (vocational skills) which 
are also called vocational skills, meaning that 
skills are associated with certain work fields 
contained in community (Ministry of National 
Education, 2007).

Science learning according to the 2013 
Curriculum for junior high school / MTs is a 
learning integration of various concepts in in-
tegrated science subjects that use the trans-
disciplinarity approach. Through this integrated 
learning, making science as contextual lear-

ning enables students to actively seek, gather 
and discover scientific concepts and principles 
holistically, meaningfully and authentically both 
individually and in groups (Kemdikbud, 2016). 
Based on this description, it is expected that 
students can find the concept of science as 
a whole and authentic, so that they can have 
life skills and shape the personality of students 
who excel in solving various problems.

The reality in the field shows that the 
application of science education that integrates 
life skills so far has not been fully designed in 
learning. The achievement of these educational 
goals is only seen as a nurturant effect which 
is automatically formed along with the maste-
ry of the subject matter. In addition, almost all 
schools found a learning pattern that was very 
product-oriented, so that the learning activities 
intended to foster the skills of educational pro-
cesses and goals that included honesty, discip-
line, mutual tolerance, rational thinking, critical, 
etc. which were actually identical with skills. life 
in general or general life skills cannot be imple-
mented (Depdiknas, 2006).

The results of interviews with science 
teachers in a number of junior high schools 
(SMP) and Madrasah Tsanawiyah (MTs) lo-
cated in the city of Gorontalo indicate that the 
emphasis on life skills aspects in the scien-
ce learning process, especially in the field of 
physics on the topic of pressure on liquids is 
not optimal. More than 85% of teachers stated 
that learning activities that integrate life skills 
that are identical with the skills of this process 
have not been included in the learning design. 
It was also stated that some of the students’ 
skills were quite low, namely the students’ skills 
in exploring and finding information, the abili-
ty to process information and make decisions, 
students’ skills in process of concept discovery, 
students’ communication skills (communicating 
experimental results), students’ skills in app-
lying mathematical operations and understan-
ding mathematical language in solving science 
problems. This results in low student learning 
outcomes.

The results of the initial analysis carried 
out on students’ rational thinking abilities (such 
as exploring and processing information, sol-
ving problems, and making conclusions) on the 
material pressure on liquids in SMP Negeri 3 
Gorontalo, obtained results that when given a vi-
sionization of the phenomenon associated with 
sub-sections the topic of pressure on liquids 
(such as hydrostatic pressure, vessel contact 
and float, float and drowning events / Archime-
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des’ Law) there are 75% of students who have 
not been able to express what information they 
have obtained from the visualized phenome-
non. Based on this situation it can be conclu-
ded that students have learning difficulties on 
the topic of pressure on substances, especially 
the pressure on liquids. This was confirmed by 
the results of the 2016/2017 Computer-Based 
National Examination (UNBK) published by the 
Ministry of Education and Culture (2017), the 
average score of students, especially in scien-
ce subjects in a number of SMP / MTS throug-
hout Gorontalo City, decreased compared to 
the academic year previous. 

The decrease in the average score of 
students in 2016/2017 UNBK, especially in 
science subjects, based on the results of in-
terviews with a number of science teachers, 
was due to teachers’ difficulties in explaining 
abstract topics, including the topic of pressure 
on liquids. This is similar to what was stated by 
Loverude et al. (2003) that the material pressu-
re on liquid and its application in everyday life is 
an abstract topic, so students experience prob-
lems in understanding the concepts taught in 
this topic. One of the impacts that will be caus-
ed by students’ difficulties in understanding 
concepts is the low ability of students to solve 
problems (Johnson, 2012; Reddy & Panacha-
roensawad, 2017)

Based on the description above, the re-
searcher tries to overcome it by implementing 
lifeskills oriented learning, especially rational 
thinking skills, by using cooperative learning 
model type Student Teams Achievement Divisi-
on (STAD). The use of STAD type cooperative 
learning model was chosen due to it’s advan-
tages, namely helping students understand dif-
ficult concepts is also very useful to foster the 
ability to cooperate, critical thinking skills and 
communication skills (Sadieda & Avivah, 2011; 
Ernawati, 2014; Rahmawati et al., 2016). 

Based on the advantages of the STAD 
type of cooperative learning model, the purpo-
se of this study is to determine the effect of the 
use of STAD type cooperative learning model 
on science learning on rational thinking skills 
and student cognitive learning outcomes. This 
influence, seen from the presence or absence 
of an increase in the score of rational thinking 
skills activity and cognitive learning outcomes 
of students after being given treatment

METHOD

The research carried out is quantitative 

descriptive research and the method used is an 
experimental method with the One Shot Case 
Study research design, in which this design 
uses only one experimental class without com-
parison and also without the initial test. In this 
study treatment of the experimental class was 
given to determine the effect of the treatment 
(Arikunto, 2011).

The research was carried out in SMP N 
3 Gorontalo 2016/2017 Academic Year with the 
population being all eighth grade students in 
7 classes, grades VIII-A to VIII-G. The samp-
le selection was determined by using Cluster 
random sampling technique or group sampling 
conducted by lottery method, so that class VII-
IC was chosen as the experimental class. The 
instrument used in the study is rational thin-
king skills assessment sheet, which consists 
of student activity assessment sheets and test 
sheets that lead to indicators of rational thin-
king skills. Data collection techniques used ob-
servation and test methods. 

The data obtained were analyzed quan-
titatively descriptive, by assessing the activities 
of students’ rational thinking skills during the 
learning activities. This activity was observed 
by two observers with reference to the assess-
ment rubric. The test results of students’ ratio-
nal thinking skills are interpreted according to 
the criteria for scoring and determining the pre-
dicate contained in the assessment guide book 
for SMP / MTs in the 2013 Curriculum, as listed 
in Table 1. 

Table 1. Score Interval and Predicate of Stu-
dents’ Rational Thinking
Score Interval Predicate Annotation

> 90 – 100 A Very Good
> 80 – 90 B Good
≥ 70 – 80 C Moderate

< 70 D Poor

RESULTS AND DISSCUSSION

General Description of Research Implemen-
tation

In the initial stages of the implementa-
tion of learning activities by using the STAD 
type learning model on the topic of pressure on 
liquids presented the IPA phenomenon in the 
environment around them. Phenomenon given 
such as (1) the phenomenon of water entered 
in a bottle of mineral water, which then the bott-
le is perforated at varying levels, (2) the water 
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put in a teapot with different neck heights, (3) 
paper, safety pins and plasticine converted into 
various shapes, then put in a vessel filled with 
water. From these activities, students are as-
ked to explore what information they can provi-
de, both related to physical concepts and what 
physical quantities of the visualized phenome-
non. Then from the information presented, stu-
dents are then asked to process the informati-
on they get by asking questions / formulation of 
the problem. From the questions / formulation 
of the problems created by students this will be 
a guide for students in finding ways to solve 
problems. 

The activity of asking students questions 
or problems about the phenomenon of scien-
ce that they observe has the potential to train 
students to find and explore information, so 
they can process the information, and finally 
they can solve the problem well. This is in line 
with the facts put forward by Keles and Ozsoy 
(2009), that if students are able to express basic 
concepts well, then students will also have the 
ability to solve scientific problems well.  

The next step in learning activities is 
that students work in groups, do practicums 
with the help of Student Worksheets (LKS). In 
this activity students are asked to carry out the 
practicum to answer the questions / problems 
they raised before. The solution to the prob-
lems they do through practical activities can be 
seen from the conclusions that they provide. In 
this session, the teacher as the facilitator gives 
comments, suggestions and input on students’ 
conclusions, while strengthening the concept. 
Students who can solve problems properly and 
correctly are also shown by their ability to make 
conclusions. This is in line with the opinion of 
Zewdien (2014) that students who can convey 
ideas well, show that they are able to process 
the information they explore well, so that they 
can connect these ideas to be meaningful in a 
form of conclusion.

 
Overview of Results of Assessment of Stu-
dents’ Rational Thinking Skills

The results of assessment of life skills, 
especially students’ thinking skills, are obtained 
through observing student activities during the 
learning process (for three meetings) which 
refers to indicators of rational thinking skills 
carried out by 2 (two) observers. The indica-
tors of rational thinking consist of (1) the ability 
to gather information, (2) the ability to process 
information, (3) the ability to solve problems, 
and (4) the ability to make conclusions. Gene-

ral description of the results of the assessment 
of students’ thinking skills at each meeting as 
presented in Table 2.

Based on the data presented in Table 2, 
which is then associated with Table 1, it can be 
seen that the giving of treatment is by using the 
STAD type cooperative learning model, stu-
dents’ rational thinking ability is in good criteria. 
This data is supported by the fact that most stu-
dents (as indicated by the mode score) have a 
score of rational thinking skills of 80.16, 82.04, 
and 87.92 respectively at the first, second, and 
third meetings. In addition, the percentage 
of students who have a rational thinking skill 
score above the mean score reaches 52.38%. 
Based on these results it can be said that STAD 
cooperative learning has a positive impact on 
students, such as encouraging students to cre-
ate a situation where one’s success is deter-
mined by the success of the group.

In this learning, the teacher acts as a 
facilitator and students have the opportunity 
to be actively involved in every learning acti-
vity. Students are also more active in discus-
sing with friends a group to solve problems, 
actively asking the teacher and being active to 
present the results of the discussion. Even so, 
there are still students at the first and second 
meetings on certain indicators that still get the 
title C (enough) and D (less) due to several 
factors such as class atmosphere that is less 
supportive, less optimal teachers in classroom 
management activities, so students are not fo-
cused , students who are not accustomed to 
conducting experiments cause the amount of 
time wasted explaining the steps of work and 
guiding students, as well as the differences in 
students’ ability to absorb information convey-
ed by the teacher. 

As stated by Ibrahim et al. (2010), that 
the mastery of teachers and students on the 
skills of planning and conducting experiments 
is the main provision needed to develop them-
selves and seek answers or solutions to prob-
lems faced in learning science in the classroom 
and in everyday life. In addition, the teacher 
plays a major role in the creator of a learning 
environment that is conducive to the growing 
development of students in mastering life skills.

   
Students’ Rational Thinking Skills for each 
Indicator

Judging from each indicator of rational 
thinking proficiency also obtained an increase 
in scores of students’ rational thinking skills as 
presented in Figure 1. Based on Figure 1, it ap-
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pears that overall there was an increase in the 
average score of rational thinking skills at the 
third meeting for all indicators compared to the 
first meeting. The following is exposure to the 
results obtained for each indicator of rational 
thinking ability.

Ability to Gather Information
The aspect of rational thinking skills in the 

indicators of information gathering, as shown 
in Figure 1, shows that at the second meeting 
decreased by 0.78% from 76.79 to 76.19 and at 
the third meeting the average score increased 
to 89.29 or increased by 17.19%. This shows, 
that students have been able to gather infor-
mation from reading, listening, seeing relevant 
phenomena and discussing and being able to 
emphasize as important information.

where:  MGI: Exploring Information
MOI: Processing Information
MM: Solving Problems
MK: Making Conclusions

Figure 1. Average Score of Student Activity Re-
fers to the Indicator of Rational Thinking Skills

Students’ activities in exploring informa-
tion at the first and second meetings are still 
low, in the sense that they are still in the suffi-
cient category. The low score of these activities 
is due to students not yet accustomed to and 
rarely given the opportunity to read or look for 

reading material related to topics taught and 
practicum activities independently, so that stu-
dents are not used to dig deeper information.

In this study, in the stage of presentati-
on of material by teachers conducted through 
audio-visual shows and assisted by students’ 
worksheet, students are given the opportuni-
ty to find and gather information based on the 
outlines of the information presented by the te-
acher. Then, students are given the opportunity 
to explain the findings of the information they 
have obtained.

Providing explanations and opportunities 
in searching for literature related to the topic 
of pressure being taught, making students ac-
customed to digging up information related to 
pressure topic from the literature/reading mate-
rial presented. In addition, the material delivery 
activities always begin by explaining the lear-
ning objectives to be achieved at the meeting, 
as well as in the teacher learning process as-
sisted by the media, demonstrations, questions 
or real problems that occur in everyday life.

The use of STAD type cooperative lear-
ning models in this study causes students to 
find information from various sources and learn 
from fellow group students. Not only smart stu-
dents will always be active but all students. 
As stated by Slavin (2009: 143) that groups 
in STAD can increase students’ confidence to 
find information from various sources and learn 
from fellow group students.

Furthermore, as stated by Arends (2008: 
7-12) that one important aspect of cooperative 
learning is that in addition to that approach it 
helps improve cooperative behavior and better 
group relations among students, at the same 
time it will help students in academic learning. 
Thus it can be assumed that students with less 
learning abilities work side by side with those 
who have more abilities and these more ca-
pable groups benefit from the process of acting 
as tutors for their less fortunate friends. This is 
then suspected to be the cause of increasing 
students’ ability to dig up information, as can 

Table 2. Overview of Results of Assessment of Students’ Rational Thinking Skills

Meetings
Scores

Lowest Highest Average Modus Median Varians Deviation 
Standar 

First 65.63 93.75 80.06 84.38 81.25 24.72 4.97
Second 75.00 93.75 85.42 87.50 84.38 12.51 3.53
Third 84.38 96.88 89.14 87.92 87.50 5.11 2.26
Average 75,00 94,79 84,87 86.60 84,38 14,11 3,59
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be seen from the reduced number of students 
with a C (enough) in each meeting from a total 
of 6 students at the first meeting to 3 students 
at the third meeting.

 
Information Processing Ability

In the learning process that takes place 
during the study, students are used to proces-
sing the information provided and what they get 
according to the concept well. This condition 
makes students’ rational thinking ability on the 
indicator to process information at each mee-
ting experience significant improvement.

The indicator processing information 
based on Figure 1, shows that there was an 
increase in the mean score from 83.33 at the 
first meeting, an increase of 9.29% to 91.07 
at the third meeting. This average score inc-
rease shows that students process information 
through serious thinking and try to discuss the 
information. In this activity it is expected that 
the entire process of its activities can take pla-
ce well, so that information can be entered in 
students’ long-term memory as meaningful in-
formation.

In addition, an increase in the mean sco-
re of students for aspects of processing infor-
mation, as well as in the aspect of exploring 
information, is thought to be caused by the use 
of the learning model used. The formation of a 
team in this learning makes students more ent-
husiastic in learning. The number of ideas that 
emerge, of course, will further enrich students’ 
knowledge and understanding, so that students 
can improve processing information obtained.

Based on the findings obtained in this 
study, students who provide responses, ideas 
or input can help them to better process the 
information they obtain. So that students can 
straighten the wrong concept together. This is 
in line with what Morgan (1995) stated in his 
research, that in the STAD type of cooperati-
ve learning process indirectly there will be dis-
cussions between students both in one group 
and between groups, students are trained to 
express opinions/ideas, respect opinions/ideas 
friends, gather and find information, process 
information, make decisions, and solve prob-
lems.

The ability to solve problems
One of the stages in learning using the 

STAD model is grouping students into hetero-
geneous groups totaling 4-5 students. By grou-
ping students into small groups gives an op-
portunity for them to discuss problems faced, 

exchange ideas, and obtain alternative solu-
tions to problems that can be used. In addition, 
in small groups, students may be able to solve 
problems better than when working individually. 
Even though working together can take longer, 
the results of the study show that when wor-
king in groups, students are able to show better 
abilities in understanding the problem in more 
depth. This finding is in line with the results of 
Khan and Inamullah’s (2011) study which sug-
gests that STAD as a type of cooperative lear-
ning is able to meet students’ needs in critical 
thinking, problem solving, and integrating kno-
wledge with experience. For this reason, the 
use of cooperative learning models can impro-
ve the quality of learning because students can 
actively participate in a small group in learning 
activities to achieve the expected goals.

The results showed that on the problem 
solving indicator, the average score at the first 
meeting was 76.79, an increase of 16.28% to 
89.29 at the second meeting. This data shows 
that students have been able to solve problems 
related to their duties in teaching and learning 
activities, although at the third meeting dec-
reased by 2.00% to 87.5. The average dec-
rease in scores at the third meeting was due 
to students being too preoccupied in teaching 
and learning, sometimes losing focus on the 
core problems that would be tried to be solved 
in the ongoing learning process. In addition, se-
veral students were observed to be in a hurry 
in completing the assignment, so they did not 
have time to review the results they had ob-
tained.

As explained in Piaget’s development 
theory, that the age of the eighth grade junior 
high school is the transition age from the con-
crete operational phase to formal operations, 
in this phase the majority of students will deal 
with the problems they face in a less systema-
tic manner. One strategy that can be used to 
solve this problem is by giving students direct 
experience through practicum activities which 
are guided by student worksheets and the pre-
sentation of each group’s activities makes stu-
dents more able to process information, then 
solve problems faced so they can make con-
clusions from the topics being discussed (Nug-
roho et al., 2009).

Based on the findings of students in the 
field, the data obtained is that students often 
ask questions and express their ideas to friends 
in the group as well as to teacher things related 
to the practice questions that are on the stu-
dent worksheet. Another step that can be done 
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is to train students not to make conclusions in a 
hurry and the teacher should provide more op-
portunities for students to brainstorm or brains-
torm, so that students’ ability to solve problems 
will increase (Nur & Wikandari, 2000).

Ability to Draw Conclusions
As with the problem-solving indicator, the 

average student score increased at the second 
meeting compared to the first meeting, with 
the average score at the first meeting of 76.79. 
Subsequently at the second meeting increased 
by 16.28% to 89.29, then at the third meeting 
decreased by 1.32% to 88.69. This data shows 
that students have attempted to make conclu-
sions based on group opinions or relevant the-
ories and with teacher guidance, students are 
able to solve problems related to their tasks in 
teaching and learning activities.

The problems that arise at this stage are 
the general condition of students who are less 
systematic in handling the problems they hand-
le and the nature of students’ hurry in comple-
ting the given task. Overall, based on the re-
sults of the assessment of the average score 
of students’ rational thinking skills classically 
there was an increase in score of 10.18%, from 
80.06 at the first meeting to 89.14 at the third 
meeting. The improvement of students’ rational 
thinking skills is allegedly caused by treatment 
during learning activities. This happens be-
cause the STAD grouping has improved these 
aspects. When the process of discussion and 
problem solving takes place, students in one 
STAD group actively communicate with each 
other to solve the given problem. There was a 
discussion activity involving the measurement 
ability of each student so that the measure-
ment aspect also increased. In addition, in sol-
ving problems together, students in the STAD 
group discuss to get the same perspective so 
that they can draw the final conclusions from 
the problems that have been solved. Thus, the 
concluding aspect also increases.This is in line 
with the results of research obtained by Ajaja 
and Eravwoke (2010) that cooperative lear-
ning, such as type STAD can increase student 
learning activities, such as in problem solving 
activities and drawing conclusions.

Based on the results of this study it can 
be seen that with the use of STAD type coope-
rative learning model can increase the average 
score of students for each indicator of rational 
thinking skills. Assessment of students’ rational 
thinking skills in this study obtained optimal re-
sults with good and very good predicate. This 

is like the results obtained by Jufri and Djafar 
(2010) and Rahmawati et al. (2016) who suc-
ceeded in improving students’ thinking skills 
by using the integration of STAD and TGT 
cooperative learning models. In line with this, 
Setiorini and Munoto (2016) also succeeded 
in improving students’ life skills (including ra-
tional thinking skills) using STAD type coope-
rative learning models. In addition, as stated 
by Deming and Cracoline (2004) that the de-
velopment of the quality of thinking skills, inclu-
ding the ability to think rationally can be done 
through the application of learning models that 
can actively involve in the process of thinking. 
So using the right learning model like the STAD 
type cooperative model can make students 
more active.

Student learning outcomes
In addition to observing the activities of 

students in thinking activities based on indica-
tors during the learning process, at the end of 
the meeting an assessment was also given in 
the form of a written test. This test aims to me-
asure students’ knowledge after participating in 
life skills oriented learning activities in this case 
is rational thinking skills. The score of students’ 
learning outcomes was measured using a 
9-item description test which refers to the indi-
cator of measured rational thinking skills, which 
consists of the C1-C6 cognitive domain with a 
maximum score of 75 as shown in Figure 2.

Figure 2. Score Percentage of Students’ Ratio-
nal Thinking Test

Percentage of junior high school stu-
dents’ post-test results on material pressure on 
liquid, from 21 students there were 33% of stu-
dents (7 students) who received the title A (very 
good), 24% of students (5 students) who recei-
ved the title B (good) and C (enough), and 19% 
(4 students) who received the title D (less). 
Based on the classical completeness criteria 
(KKM) that have been determined that is equal 
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to 75 and the determination of the predicate 
based on the assessment guidelines issued by 
the Ministry of Education and Culture in 2016 
as presented in Table 1, the average score of 
student learning outcomes is 83.81 with the tit-
le B (good). However, from 21 students there 
are 4 students who have not yet completed. 
This means that classically it is categorized as 
complete, because based on the defined KKM 
which is 75, the percentage of students with a 
score above KKM reaches 80.95%.

The completeness of the material taught 
in this study was allegedly caused by the use 
of the STAD model. Therefore, the indicators 
and items arranged by the researcher can be 
said to have been mastered by students so that 
it can be said that life skills oriented learning, 
especially rational thinking skills by using STAD 
type cooperative learning models can help stu-
dents to achieve learning completeness. This 
is supported by the results of research con-
ducted by Setiorini and Munoto (2016) which 
states that the learning outcomes of students’ 
knowledge competencies after being taught 
with cooperative learning models Type STAD 
obtain 100% completeness.

Judging from the increase in the ave-
rage score of rational thinking skills and stu-
dents ‘cognitive learning outcomes that were 
learned by the STAD type cooperative model 
in this study, it was seen that there was a very 
strong relationship between students’ rational 
thinking skills and learning outcomes. This very 
strong relationship is expressed by the results 
of testing the correlation between the scores 
of the results of the assessment of rational 
thinking skills with students’ cognitive learning 
outcomes obtained a correlation coefficient of 
0.88. In line with this study, the increase in lear-
ning outcomes obtained in this study is rein-
forced by the results of research conducted by 
Muliyani and Kurniawan (2014) which states 
that STAD type cooperative learning can imp-
rove student learning achievement, and there 
is a positive relationship between the ability to 
think with student learning outcomes cognitive 
domain. 

 
CONCLUSION 

The use of STAD type cooperative lear-
ning model can be used to improve students 
‘rational thinking skills and can complete stu-
dents’ cognitive learning outcomes classically 
for pressure material on the liquid. The results 
obtained showed an increase in the average 

score of student activity for rational thinking 
skills at the third meeting when compared to 
the first meeting, from categories with sufficient 
predicate at the first meeting, increasing to ca-
tegories with good and very good titles at the 
third meeting. For students’ cognitive learning 
outcomes, the mean of learning outcomes with 
the predicate B (good) was obtained, with 33% 
of students who received an A (very good), 
24% of students who received the title B (good) 
and C (enough), and 19% get the title D (less). 
From these results it is suggested that in the 
future learning practice the teacher must pay 
more attention to these indicators. 
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ABSTRACT

This study presents the calculation results of the cell, and core Gas-cooled Fast Reactor (GFR) based fuel Uranium-
Plutonium Nitride  (U, Pu)N. Parameter survey results of calculations of the fuel cell consisting of a kinf, burnup level, and 
the conversion ratio and for the calculation of the reactor core produce value keff during a refueling cycle. The calculation 
was performed by using a set of SRAC program by comparing three types of fuel cell designs. Reactor Design A based 
on natural uranium could not reach criticality because of keff < 1. Design B used the enrichment of uranium-235 by 9.5% 
to reach a critical condition at keff > 1. The critical state was also achieved by Design C utilizing natural uranium, and 
plutonium 5.5% result value keff = 1.015 in the first year of burnup and continues to increase 1.083 in the tenth year without 
refueling. Moreover, plutonium can replace the uranium enrichment process. 

ABSTRAK

Penelitian ini menyajikan hasil perhitungan sel dan teras gas-cooled fast reactor (GFR) berbasis bahan bakar Uranium- 
Plutonium Nitride (U,Pu)N. Parameter Survey untuk hasil perhitungan sel bahan bakar terdiri dari kinf, level burnup, dan 
conversion ratio. Sedangkan pada perhitungan teras reaktor dihasilkan nilai keff untuk satu siklus pengisian bahan bakar. 
Perhitungan dilakukan dengan menggunakan seperangkat program SRAC dengan membandingkan tiga jenis desain sel 
bahan bakar yang berbeda. Reaktor Desain A berbasis uranium alam tidak mencapai kekritisan karena keff < 1. Desain B 
menggunakan pengayaan uranium-235 sebesar 9,5% mencapai kondisi kritis pada keff > 1. Keadaan kritis juga dicapai 
oleh Desain C yang memanfaatkan uranium alam dan plutonium 5,5% menghasilkan nilai keff  = 1,015 di tahun pertama 
burnup dan terus meningkat hingga 1,083 pada tahun kesepuluh tanpa  pengisian ulang bahan bakar. Pemanfaatan 
plutonium sebagai bahan bakar dapat menggantikan proses pengayaan pada uranium.

Keywords: Burnup; Plutonium; Cell Core; Uranium

produce the hydrogen gas at the temperature 
of 850oC (Kelly, 2014).

The source of heat energy of the nuclear 
reactor is the use of Uranium as fuel. Uranium 
generates the energy through the fission reac-
tion is shown by the equation 1 (Su’ud & Seki-
moto, 2013)

                                               
  

          (1)                                         

Uranium has three isotopes, i.e. U-238 
(99.284%), U-235 (0.711%) and U-234 
(0.005%). U-235 is fissile and can create neut-
ron directly.  However, the amount of U-235 is 
limited; so that an enrichment process is nee-
ded to boost the atom density. Also, U-238 is 
fertile which potential to be converted as fissile 
fuel by absorbing neutron in a reaction (Rooi-

INTRODUCTION

The nuclear power plant is one of the 
energy sources to supply the electricity de-
mand in Indonesia (Dewan Energi Nasional, 
2014). The affordable operating cost and the 
absence of emission are the reason for the 
rapid growth of research and development in 
the nuclear power plant today (Giraldo et al., 
2012). The attention on the development of 
Generation IV reactor, especially the helium 
Gas-cooled Fast Reactor (GFR) is needed pre-
sently (GIF, 2009). This GFR has a strength in 
its durability since it is operated in a closed fuel 
cycle using helium as a cooler. Also, it could 



S. Novalianda, M. Ariani, F. Monado , Z. Su’ud - Neutronic Design of Plutonium Uranium 93

jen, 2006).
The use of Uranium as a fuel of nuclear 

power plant will generate the electrical energy 
and side product at the end of its operation. 
The side product has a potency to be emplo-
yed in another reactor to create more energy, 
for example, plutonium.

One of the fast reactor concepts to breed 
plutonium greater than its consumption is the 
Fast Breeder Reactor (FBR). Also, the waste of 
plutonium as a side product of FBR operation 
is beneficial as a fuel for other reactors (Walter 
& Reynolds, 1981).

Plutonium is generated from the absor-
bing reaction of the neutron in Uranium-238. 
Uranium-238 absorbs the neutron to be 
Uranium-239 which is converted to be Neptu-
nium-239 naturally, and finally, it generates Plu-
tonium-239. The chain of Uranium-238 burnup 
is presented in Figure 1 (Duderstatd & Hamil-
ton, 1976).

Figure 1. The chain of Uranium-238 burnup

The fission reaction of Uranium in a 
nuclear reactor generates five Plutonium do-
minant isotopes, i.e., Pu-238, Pu-239, Pu-240, 
Pu-241, and Pu-242. Only Pu-239 and Pu-241 
are fissile which could be employed as a fuel 
for other reactors (Meyer et al., 2007). 

The most important aspect in designing 
a nuclear reactor is the neutron analysis which 
is related to the neutron behavior in the reactor 
core (Ariani et al., 2013). The description of the 
physical condition of the neutron in the reactor 
core is explained by the multi-group diffusion 
equation as follows (Stacey, 2007):

The equation 2 describes the neutron 
behavior including population, distribution, 
energy, velocity, density, and the average neut-
ron flux at each energy level.

           (2)

Neutron population along the operation 
of the reactor will affect the fuel management 
and the fuel reduction during the process which 
is calculated by the equation of burnup as fol-
lows (Duderstadt & Hamilton, 1976).

           (3)

Equation 3 is a burnup calculation rela-
ted to the long-term change (day to the year) of 
the materials as a result of the nuclear reaction 
during the reactor operation. The burnup calcu-
lation is a basic of fuel management which con-
sists of the calculation of reduction and isotope 
production as a function of time. Where 
represents the missing part as a result of radio-
active decay, whereas  is a mis-
sing part because of neutron trapping, 
is the additional nuclead A as a result of decay 
from B to A, and is the change 
from C to A through neutron trapping. 

Another analysis to determine the neut-
ron population is influenced by the effective 
multiplication factor (keff), i.e.:

 
          (4)

Equation 4 has a rule of keff = 1 called as 
a critical condition where the number of neut-
ron remains constant. keff < 1 is a subcritical 
condition where there is a decline of neutron 
number. keff > 1 is a supercritical condition whe-
re neutron number increases continually. 

The objective of this research is to de-
sign the fast reactor GFR which can reach the 
critical condition, highly efficient, and durable.
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METHOD

Research stages were started by setting 
up the design parameter of GFR as shown in 
Table 1. 

Table 1. The design parameter of GFR
Parameters Specification
Thermal Power 500 MWt
Fuels

Enrichment U-235
Plutonium

Uranium-Plutonium 
Nitride (U, Pu)N
1 – 9.5%
1 – 5.5%

Cladding Stainless Steel 
(SS316)

Coolant Helium
Volume Fraction:
Fuel/Cladding/Cool-
ant 60%/10%/30%

The diameter of pin 
pitch 1.4 cm

Core geometry Silinder
Height/ Width of the 
active core 350 cm/ 240 cm

Reflector thickness 100 cm

Fuel cells consist of fuel, cladding, and 
coolant. Helium is one of the strong coolants 
compared to other inert coolants that cannot 
react with other matters (Novalianda et al., 
2016).

Figure 2. The geometry of the fuel cell

The fuel cell designed in this research 
were Design A with nature Uranium-based fuel 
cell, Design B with 9.5% Uranium-235, and 
Design C with nature Uranium added by Plu-
tonium 5.5%. The geometry of the fuel cell is 
presented in Figure 2.   

The mixture of fuel in the fast reactor 
which is based on the mixing of Uranium and 
Plutonium is Nitride. Nitride has a high melting 

temperature of 2500 oC and high thermal con-
ductivity; thus, there is a possibility of obtaining 
the relatively lower temperature difference bet-
ween the centers of fuel with the coolant.  Nit-
ride fuel is also flexible for fast reactors such 
as its high growing ratio, actinide burning, and 
the long-term terrace operation time (Meyer et 
al., 2007).

This research employed the program 
of Standard Reactor Analysis Code (SRAC) 
which has been developed by Japan Atomic 
Energy Agency (JAEA) since 1978 (Okumura 
et al., 2007). The flow diagram of the SRAC 
calculation can be seen in Figure 3.

Figure 3. The calculation of the SRAC flow dia-
gram

RESULTS AND DISCUSSION

SRAC calculation results in the GFR 
reactor were carried out by comparing the 
three reactor designs to the differences in fuel 
cells used. This fuel cell calculation is useful to 
determine the performance of one fuel cell for 
fifty years burnup so that it can later be used on 
the reactor core. Fuel cell calculations produce 
several survey parameters that have been de-
termined, namely infinitive multiplication factor 
(kinf), burnup level and conversion ratio.

The first survey parameter is kinf. kinf sta-
tes the size of the increase or decrease in neut-
ron flux, which is calculated in the absence of 
a leak factor (Hangbok et al., 2008). Changes 
in the kinf value to the burnup time are shown in 
Figure 4. 
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Figure 4. Infinitive multiplication factor (kinf) to 
the change of burnup time 

The Design A in Figure 4 shows the initial 
burnup kinf value under the critical condition of 
0.353 (kinf < 1) because the number of neutrons 
produced is relatively small. It is because the 
fuel cell used is natural Uranium which has a 
fissile density of only 0.7% of the total. Howe-
ver, as time goes by, the critical condition can 
be achieved in the fourteenth year with a kinf 
value of 1.005. The increase in kinf occurs along 
with the increase in fission products generated 
during increased burnup time. Reactor critica-
lity can be achieved in Design B and C with kinf 
values   at 1.071 and 1.076, respectively. Design 
B using Uranium-235 enrichment produced a 
fissile density of 9.5%, which means an inc-
rease of fissile material as much as 9.5% from 
the original 0.7%. This increase results in more 
neutrons produced than used neutrons. Likewi-
se with Design C that uses plutonium at 5.5%, 
can reach critical conditions in the first year of 
burnup.  

Burnup is defined as the total energy re-
leased per unit mass of fuel as a result of fuel 
combustion (Monado et al., 2013). Figure 5 
shows the change in burnup level over burnup 
time, where the burnup level value continues to 
increase as burnup time increases. The burnup 
level value for Design A in the fiftieth year is 
167 GWd / ton, meaning that in 1 ton of urani-
um fuel produces 167 GW of energy per day. 

Design B also produces the same burnup le-
vel value as Design A, because the same fuel 
used is uranium. However, if each design is 
further examined, the average results are dif-
ferent. For example, Design A has a value of 
0.085 GWd/ton and Design B at 0.084 GWd/
ton. Moreover, Design C burnup level value 
is 161 GWd/ton with average 0.082 GWd/ton, 
where the value is smaller than the other two 
designs due to differences in the composition 
of the atom density input.

Figure 5. The change in burnup level

The conversion ratio (CR) states the ra-
tio of the amount of fissile material produced 
with the fissile material consumed as shown in 
Figure 6. Design A, it shows the sharp decline 
of CR from 14.6 to 1.53. It is due to Design A 
which uses natural uranium with the fissile ma-
terial used by 0.7% which is far less than the 
amount of its material. The decrease of CR va-
lue indicates that the breeder of fissile material 
will continue to decrease during burnup time 
because the number of neutrons produced will 
be far less than the neutrons used. 

Design B has a CR value < 1 (0.99 to 
0.95) which means that the reactor consumes 
more fissile material than the other designs. It 
is due to the reduced amount of Uranium-238 
as a result of the enrichment of Uranium-235 
by 9.5%. Nuclear reactors which are projected 
to be breeding reactors must have a CR value 
> 1 (Walter, & Reynolds, 1981). Thus, the reac-
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tor only requires the intake of fertile material to 
be converted into fissile material. Furthermore, 
in Design C, the value of CR > 1 (1.79 to 1.24) 
due to two fissile materials used at the begin-
ning of burnup namely Uranium-235 and Pluto-
nium-239 so that the amount of fissile produced 
is much higher than the amount of fissile used.

Figure 6. The change in conversion ratio to the 
burnup time

Figure 7. The change of Plutonium-239 atom 
density to burnup time.

During the burnup process, Uranium-235 
will change to other elements. Likewise with 
Uranium-238 which is fertile will change into 
another element due to the fission reaction 
that occurs in the fuel cell. One of the fission 
products produced from Uranium-238 is Plu-
tonium-239 (Figure 1). As shown in Figure 7, 
Design A has the change in density of Pluto-
nium-239, which at the beginning of the fissi-
on reaction does not yet exist, until the burnup 
process runs. Plutonium-239 is created and will 
increase as long as the burnup process lasts 
for 2.7×1021 barn/cm. In Design B, the amount 
of Plutonium-239 will decrease to the 2.1×1021 
barn/cm proportionally with the decrease in 
Uranium-238 density as a result of Urani-
um-235 enrichment used. Besides, the Design 
C shows the addition of Plutonium at the begin-
ning of burnup process as much as 1.3×1021 
barn/cm and will continuously increase the 
density of Plutonium-239 atom at the end of 
burnup time to the 2.1×1021 barn/cm.

Another design of GFR during burnup 
process shows the density of Plutonium-239 
that has not been generated up to the tenth 
year of burnup time, due to Nitride Uranium 
natural fuel availability or without Uranium-235 
enrichment done (Ariani et al., 2013).

The results of the calculation of the fuel 
cell will be used for the calculation of the reac-
tor core, where the reactor core is composed 
of a collection of several fuel cells. This core 
calculation is carried out in one fueling cycle 
for ten years without refueling. The survey pa-
rameters observed were effective multiplication 
factors (keff), namely the ratio of the number of 
neutrons from one generation to neutrons in 
the next generation (Liem et al., 2008).

Figure 8 shows the change in keff value to 
burnup time. Design A has keff value < 1 that is 
0.332 in the first year burnup, then the reactor 
has not reached its critical condition. Design B 
reactor has reached a critical state with keff va-
lue > 1 (1.008 to 1.051) with an excess reacti-
vity of 0.031 %.

According to Su’ud and Sekimoto (2013), 
the criticality of the GFR reactor was also achie-
ved in the GFR design with 800 MWt of urani-
um nitride fueled power using a CANDLE bur-
nup strategy yielding a keff value of > 1 (1.002 to 
1.007). Other studies on the GFR reactor de-
sign can also reach critical conditions at keff > 
1 (1.001 to 1.050) using natural nitride uranium 
for ten years of refueling (Ariani et al., 2013).
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Figure 8. Effective multiplication factor (keff) to 
burnup time change

Excess reactivity states that there is an 
excess reactor reactivity due to an increase in 
keff value in the reactor core. In Design B, even 
though it reaches the critical condition of the 
reactor with a keff value > 1; however, the CR 
value is < 1 as shown in Figure 6. It means that 
the amount of fissile material produced is smal-
ler than its consumption. This condition implies 
that the increase in burnup time, the fuel used 
will run out. Based on Design C, the reactor 
also reached the critical state at keff > 1 (1.015 
to 1.083) with 0.047 % excess reactivity. This 
reactor can continue to operate due to the ratio 
of neutrons produced to the neutrons used is 
> 1.

CONCLUSION

The design of (U, Pu) N fuel-based GFR 
with a volume fraction consisting of 60% fuel, 
10% cladding and 30% coolant produced a keff 
value > 1 (1.015 to 1.083) with an excess re-
activity of 0.047 %. This reactor can operate 
for 10 years without a refueling process due 
to the ratio of neutrons produced to the neu-
trons consumed is > 1. The fission product of 
Uranium-238 is Plutonium-239 which can be 
reused as reactor fuel. The use of plutonium 
as a fuel can replace the enrichment process 
in Uranium-235.
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ABSTRACT

One of the renewable energy storage systems that can be used today is the aluminum ion battery. In this 
study, aluminum foil was used as anode, polyetylene polyprophylene (PE/PP) as separator, electrolyte from 
AlCl3/[EMIm]Cl and graphite coated corncob, an activated charcoal, as cathode. Coating method of cathode 
materials was done by mixing both graphite and activated charcoal with varied composition 1:0.5, 1:1, 
1:1.5, and 1:3. The coating process began by mixing the graphite and corncob with ethanol as a solvent 
for six hours, then heating in an oven at 80 °C for three days, gradual drying in a furnace at 350 °C for five 
hours and sintering at 600 °C for six hours. From this research, SEM results showed that carbon particles 
were evenly distributed, with spherical particles. The spherical shape was the main requirement of carbon 
formation in order to produce high energy. Based on the results, battery potential was 2.54 V with average of 
optimal capacity at a ratio of graphite and corncob activated charcoal 1:1.5 was 83.067 mAh/g. The highest 
efficiency was also at a ratio of 1:1.5 of 97.20%, because at this ratio, there was an increasing in percentage 
of element C 91.74%, greater than the percentage of element C on the other three cathode samples.   

ABSTRAK

Salah satu  sistem penyimpan energi terbarukan yang bisa digunakan saat ini adalah baterai ion aluminium. 
Pada   penelitian ini digunakan aluminium foil sebagai anoda, polyetylene polyprophylene (PE/PP) sebagai 
separator, elektrolit menggunakan AlCl3/[EMIm]Cl dan grafit terlapisi arang aktif tongkol jagung sebagai 
bahan katoda. Metode pelapisan bahan katoda dilakukan dengan mencampurkan grafit dan arang aktif 
dengan variasi komposisi 1:0,5, 1:1,1:1,5 dan 1:3. Proses pelapisan diawali dengan pencampuran grafit 
dan arang aktif tongkol jagung dengan ethanol sebagai pelarut selama enam jam kemudian pemanasan di 
oven pada suhu 80oC selama tiga hari, pengeringan bertahap di furnace pada suhu 350oC selama lima jam 
dan sintering pada suhu 600oC selama enam jam. Dari penelitian ini didapatkan hasil SEM menunjukkan 
bahwa partikel karbon terdistribusi merata, dengan bentuk partikel bulat (sphare).Sampelberbentuk bulat 
atau sphere merupakan syarat utama pembentukan karbon supaya dapat menghasilkan energi tinggi. 
Berdasarkan hasil uji baterai diperoleh potensial sebesar 2,54 Volt dengan rata-rata kapasitas optimal terjadi 
pada rasio grafit dan arang aktif tongkol jagung 1:1,5 sebesar 83,067 mAh/g. Efisiensi tertinggi juga terjadi 
pada rasio 1:1,5 sebesar 97,20%. Hal ini karena pada rasio 1:1,5 terjadi peningkatan persentase unsur C 
yakni 91.74% lebih besar dari persentase unsur C pada tiga sampel katoda yang lainnya.

Keywords: Aluminum Ion Battery; Corncob Activated Charcoal; Coating; Cathode; Graphite

batteries. 
Battery is electrochemical cells that pro-

duces a constant voltage from the electroche-
mical reaction. Battery is an electronic device 
that converts chemical energy into electrical 
energy. The battery has two electrodes in which 
a chemical reaction will take place by inocula-
ting an electron. Both the anode and cathode 
electrodes are connected with a solution called 

INTRODUCTION

Battery is one of the need for human in 
energy storage. The development of renewab-
le energy for power generation and transpor-
tation requires energy storage in the form of 
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the electrolyte where ion could move in it. The 
movement of these electrons will produce an 
electric current as a source of energy for elec-
tronic equipment (Sagir & Mohd, 2011). 

On an aluminum-based battery, the ano-
de is one of the most important components. 
Theoretically, the generated voltage depends 
on the metal type of its anode. This difference 
is based on the standard potential energy value 
of each metal (Vincenzo & Benedetko, 2014). 

Aluminum acts as an anode on the bat-
tery, so this battery is named as an aluminum 
ion battery. The aluminum will oxidize resulting 
and electrons. Then, this electron   will move to-
wards the cathode. The movement of electrons 
to the cathode will produce electrical energy 
(Modesto & Julie, 2007). The aluminum battery 
is described as a battery that has high enough 
potential. This battery can be applied in vario-
us fields of application including in the military 
field. This is because aluminum batteries have 
a pretty good advantage such as light and 
rechargeable power (Rao et al., 1992) 

One type of cathode used in aluminum-
based batteries is graphite or three- dimensio-
nal grafit foam (Meng-Chang et al., 2015). In 
addition, other types of cathodes used in alu-
minum-based battery systems consist of three 
main components: porous carbon, catalysts 
and binder polymers (Jang et al., 2011). 

This study used graphite coated with 
porous carbon contained in corncob activated 
charcoal as cathode. The porous carbon based 
on the structure pattern is an amorphous car-
bon material composed largely of free carbon 
and has an inner surface, thus having a high 
absorptive capacity (Alfathoni G., 2002). Acti-
vated carbon has a good absorption capacity 
to the solution and gas, activated carbon is one 
of the most frequently used adsorbents in the 
adsorption process. This is because the activa-
ted carbon has better absorption and surface 
area than other adsorbents (Walas, 1990). The 
nature of the activated carbon may be used as 
an electrode or as a gas absorbent medium to 
perform electrochemical processes on alumi-
num-based batteries (Yugang, 2013). 

In addition, the use of activated char-
coal as a coating of graphite material in anode 
making due to activated charcoal is one of the 
leading raw materials to increase storage capa-
city of a battery. So in this study, cathode was 
prepared with carbon source from amorphous 
carbon-coated graphite from corncob activated 
charcoal so that it can improve storage perfor-
mence of aluminum ion battery. 

The purpose of this study are: first, to 
know the effect of variations in graphite compo-
sition coated with corncob activated charcoal 
on microstructure of cathode material; second, 
to determine the effect of variations in graphite 
composition coated by corncob activated char-
coal on quality of graphite coating; and the last, 
to know the influence of variation in graphite 
compostion coated by corncob activated char-
coal on the performance of aluminum ion batte-
ry (battery capacity and battery efficiency) 

METHOD

This research was an experimental re-
search conducted at Analytical Technique La-
boratory of Mataram University and Battery 
Laboratory of Physics Research Center (PRC) 
– Indonesian Institute of Science (IIS) Serpong 
Tanggerang Selatan. In this research, there 
were several stages of activity or workmanship, 
namely cathode material synthesis, material 
characterization, slurry making, sheet making, 
calendering and cutting Sheets, drafting to bat-
tery life, and battery performance testing. 

Synthesis of Cathode Material 
The first step in this research was the 

preparation of cathode materials for aluminum 
ion batteries. The synthesis process of graphite 
material was done by mixing method (graphite 
and corncob activated charcoal ) with 50 mL 
ethanol on a hot plate at a temperature of 80°C 
hot plate and spun at 200 rpm for six hours. 
Afterwards, the sample was stored in an oven 
80°C to remove the water content for three 
days until gel deposits was formed in the above 
prior to heat at 350° C for five hours called 
degradation process. Degradation process is 
a reaction of chemical change or decomposi-
tion of a compound or molecule into a simpler 
compound or molecule gradually. Heating for 
the release of hidrogen, so only remaining car-
bon in the sample. Next, resulting sample was 
crushed and reheated at 600o C sintering tem-
perature for four hours, this was called the car-
bonization process. Carbonization is a process 
whereby the oxygen and hydrogen elements 
are removed from the carbon and will produce 
a carbon framework having a specific structure. 

 
Material Characterization 

The samples of the material have been 
made and characterized by using Scanning 
Electron Microscopy (SEM) Hitachi SU3500 
brand with tungsten as the source of electron 
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to observe the morphology and particle size. 

Aluminum Ion Battery Making 
Battery making was done in several sta-

ges. The first stage, slurry making, prepared 
graphite coated corncob activated charcoal 
sample  with variation of composition (1:0.5, 
1:1, 1:1.5, 1:3), PVDF (Polyvinylidene Fluori-
de), AB (Acetyllene Black), and DMAC (NN Di-
methyl Acetamid) according to the composition 
of 85%:10%:5% and DMAC ± 12 mL. PVDF 
powder acted as a binder, AB acted as an ad-
ditive and DMAC acted as a solvent, then the 
hot plate to be used to make the slurry set with 
a temperature of 70o C with rotation of 150 rpm. 
First, mixed DMAC with PVDF at hot plate with 
magnetic stirrer inside beaker glass until clear 
then put AB into DMAC and PVDF solution 
slowly until well mixed. After being well mixed, 
inserted graphite coated corncob activated 
charcoal slowly and left mixed over hot plate 
until the desired slurry was formed ± 1.5 hours. 

The second stage, sheet making, put 
Cu-foil over the doctor blade and vacuumed it, 
then Cu-foil was cleaned by acetone. The thick-
ness of the doctor blade was measured with a 
thickness gauge of 0.2 mm and then poured 
slurry on Cu-foil little by little and doctor blade 
was run at speed of ± 6-7 rpm until Cu-foil was 
perfectly coated by slurry. After finished, then 
graphite anode sheet was dried on a dry box at 
temperature of 80o C until dried (± 1 hour). 

The third stage, calendering, which in-
clude part of the sheet making process. Calen-
dering was the process of pressing the sheets 
using a roll consisting of two tubes to ensure 
that the sheets did not fall out and were already 
sealed. 

The fourth stage, cutting, the process of 
cutting the sheets for further used as an alumi-
num ion battery cathode. This cut was formed 
a circle with a diameter of 1.5 cm. 

The last stage, battery assembly, prepa-
red tools and materials needed then arranged 
in sequence from the base (can), spaser, ano-
de, separator, and cathode. The used cathode 
was graphite coated with corncob activated 
charcoal and separator in the form of polyetyle-
ne polyprophylene (PE/PP). Dropleted electro-
lyte AlCl3/[EMIm]Cl 2 M until the entire surface 
was exposed by electrolyte liquid, then placed 
spaser above it, next wave spring. Finally sea-
led with a seal and sealing  chassing perfectly 
to cover it tightly. Left for one day before tested 
using battery analyzer (MTI) 

Figure 1. Design of aluminum ion battery (coin 
cell). 

 
Battery Testing Process 

Battery testing was done using a battery 
analyzer (MTI) with the first step,  put the batte-
ry in the terminal on the battery analyzer (the-
re were 8 channels ). Then the BST8 software 
application (battery system test 8) was opened 
and ensured the software was connected to 
the battery analyzer. Next the battery parame-
ters was set by right click and select startup. 
The parameters set included: constant current 
discharge/discharge current limit condition, 
constant current charge/current charging limit 
condition, Constant voltage charge/charging 
limit condition, Cycle/number of cycles and 
rest / break time. Then pressed Ok, the battery 
analysis process run to completion according 
to how many cycles were set. 

 
RESULTS AND DISCUSSION

The graphite synthesis of corncob acti-
vated carbonated was carried out with four va-
riations of composition ie 1:0.5, 1:1, 1:1.5, and 
1:3 used as cathode materials on aluminum ion 
batteries. This research was conducted by se-
veral stages. The first stage was making of cat-
hode from graphite coated corncob activated 
charcoal then identify its micro structure with 
SEM/EDX. The next step was the preparation 
of batteries include making slurry, sheet ma-
king, until battery assembly. Electrochemical 
characterization using MTI. 

Characterization of microstructure using 
SEM (Scanning Electron Microscopy) 

The microstructures of graphite particles 
were characterized using Hitachi SU3500 SEM 
with Energy Dispersive X-ray (EDX). The re-
sults of SEM of the sample were shown in Fi-
gure 2 . 
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Figure 2. shows photos SEM result of 
pure graphite and graphite coated activated 
charcoal with a variation of 1:0,5, 1:1, 1:3 com-
position. Observations were made at 2500 
magnification times so that the morphology of 
the particles could be seen clearly. 

 
Table 1. Average grain size of pure graphite 
samples and variations of graphite composition 
with activated charcoal . 

Sample Composition Average grain 
size (μm) 

A 1:0,5 108,518 
B1 1:1 128,74 
B2 1: 1,5 93,228 
B3 1:3 103,161 

Table 1. shows pure graphite with avera-
ge grain size of 108.518 μm will change after 
coated with activated charcoal. The smallest 
grain size is present in the graphite sample 
which is coated activated charcoal on a 1:1 
composition. 

Table 2. The distribution of carbon (C) and oxi-
gen (O) in pure graphite samples and graph-
ite coated activated charcoal with composition 
1:0.5, 1:1, 1:1,5, 1:3. 
Sample Content Weight% Atomic% 

A 
CK 89.45 91.86 
OK 10.55 8.14 

B1 
CK 91.35 93.36 
OK 8.65 6.64 

B2 
CK 91.74 93.67 
OK 8.26 6.33 

B3 
CK 83 .35 91.36 
OK 16.5 8.64 

 
The result of SEM test on graphite co-

ated activated charcoal with varied composi-
tion in photo scanning with 2500 times magnifi-
cation. Spherical shape is the main condition of 
carbon formation for producing a high energy. 
Composite of metal elements with higher ato-
mic numbers will result in lighter/brighter color 
than the constituent metal elements with lower 
atomic numbers. 

 
(a) (b)

(c) (d)

Figure 2. The result of SEM (a) graphite coated activated charcoal 1:0.5, (b) 1:1, (c) 1:1.5, and 
(d) 1:3. 
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The largest weight of carbon is shown 
in the variation of graphite composition with 
activated charcoal is sample B2 (1:1,5). This 
shows that in this sample formed the perfect 
carbonization at the time of sintering so that O 
more released and left only C, otherwise the 
sample B3 (1:3) has less distribution element 
C this shows that in this sample has not yet 
formed a perfect carbonization during sintering 
so that O has not much to detached. 

 
Aluminum Ion Battery Performance Analy-
sis Battery Capacity 

The capacity of an aluminum ion battery 
with an initial potential of 2.54 V is shown by 
the following Figure 3. 

Figure 3 . Battery capacity per cycle. 
 
The average battery capacity of samp-

le A was 39.75 mAh/g, sample B1 was 65.95 
mAh/g, sample B was 82.09 mAh/g, and samp-
les B3 was 37.67 mAh/g. Figure 3 shows the 
greatest capacity occurring in sample B2 with 
a capacity of 95.37 mAh/g at the 4th cycle and 
its capacity drops to 73.203 mAh/g at the 20th 
cycle. This is proportional to the carbon per-
centage in Table 2. The lowest capacity occurs 
in the sample B3 of 25,509 mAh/g at the 18th 
cycle. 

 
Battery efficiency 

Battery efficiency is obtained from ca-
pacity test data during charge and discharge 
process. The value of battery efficiency was 
obtained from the comparison of discharge and 
charge capacity.

Average of battery efficiency in sample A 
was 96.53%, sample B1 was 68.74%,  sample 
B2 was 97.20%, and sample B3 was 93.37% 
at 20 cycles. So the battery samples of A, B2, 
and B3 tend to have longer lifetime than battery 
sample B1, where battery B1 sample will run 
out faster in its application. 

Figure 4 . The efficiency of the battery.

CONCLUSION

In this study we can conclude that the 
effect of variation in composition of graphite 
coated by corncob activated charcoal on the 
quality of graphite coating is shown by SEM 
analysis. The coating will change the average 
grain size and distribute the carbon particles 
well, with spherical shape. 

The capacity of aluminum ion batteries 
with a potential of 2.54 V shows an increase 
that is proportional to the increase in the per-
centage of carbon on the cathode sample. Ave-
rage of optimal capacity occured in the ratio of 
graphite and corncob activated charcoal 1:1.5 
of 83.067 mAh/g. The highest efficiency also 
occurred at a ratio of 1:1.5, i.e. 97.20%. 

Further research can be done by using 
variation of graphite composition with activated 
charcoal besides corncob active charcoal with 
the same composition that is 1:0,5, 1:1 , 1:1,5 
and 1:3. Besides, higher sintering temperatu-
res gives better results. 
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ABSTRACT

Tanjung Region is one of the severely damaged areas by the Lombok earthquake on June 22, 2013. 
Therefore, to anticipate the similar events, it is necessary to perform microzonation in this region. Objective 
of this study is to map the distribution of the physical quantities related to the vulnerability of area included 
the frequency characteristics, amplification factor, and soil vulnerability index. The results showed that the 
value of the resonant frequency in this region ranged from 0.401 to 16.92 Hz. In general, the lower frequency 
was 0.40 to 5.91 Hz contained 87 data (71%) were located in the north of the region, which meant that 
that area has a high vulnerability. While based on the H/V amplitude and vulnerability index, the zone that 
suffered severe damage on the earthquake of June 22, 2013, showed a different uncertainty of amplification 
and vulnerability index value.  

ABSTRAK

Wilayah Tanjung adalah salah satu daerah yang mengalami rusak parah akibat gempa Lombok pada 
tanggal 22 Juni 2013. Oleh karena itu, untuk mengantisipasi kejadian serupa, maka perlu untuk melakukan 
mikrozonasi di daerah tersebut. Tujuan dari penelitian ini adalah untuk memetakan distribusi besaran 
fisis yang terkait dengan kerentanan suatu daerah terhadap gempa bumi yang meliputi frekuensi respon, 
amplitudo getaran tanah dan indeks kerentanan tanah. Hasil penelitian menunjukkan bahwa nilai frekuensi 
resonansi di wilayah ini berkisar antara 0,401-16,92 Hz. Secara umum, frekuensi respon di daerah ini rendah 
yaitu 0,40-5,91 Hz dengan jumlah 87 data (71%) yang terletak di utara dari wilayah tersebut, yang berarti 
bahwa bagian utara wilayah memiliki kerentanan yang tinggi. Meskipun berdasarkan nilai amplitudo H/V dan 
indeks kerentanan, daerah yang mengalami kerusakan parah saat gempa 22 Juni 2013 menunjukkan pola 
amplifikasi dan indeks kerentanan yang sangat tidak biasa. 

Keywords: Microtremor; HVSR; Nakamura; Seismic hazard; Microzonation; Tanjung; Lombok 

hazard assessment, the site effect is typically 
represented by frequency of resonance and 
the associated ground motion amplification. 
Several methods  such as array data analysis 
and horizontal to vertical spectral ratio (HVSR) 
refer to the site in estimating such parameters. 
On the other hand, the use of ambient vibra-
tion records for determining the fundamental 
resonant frequency has recently gained world-
wide acceptance. It is well known that soil de-
posits amplify ground motion. The amplification 
depends on several factors including layer’s 
thickness, the degree of compaction and age 
(Bonnefoy-Claudet, et al., 2006), (Syamsud-

INTRODUCTION

It has been observed that the damage as 
the result of the earthquake, is not only asso-
ciated to a magnitude of the earthquake and 
its epicentral distance but also caused by the 
effect of the topographic and geological condi-
tion of the site. The reaction of the local geolo-
gical conditions to the incoming seismic energy 
is known as the site response or local site ef-
fects (Fernandez & Brandt, 2000). For seismic 
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din, Probopuspito, Sartohadi, Suryanto, & Adhi, 
2014). One of the many reasons for choosing 
the ambient noise as widely accepted method  
by several researchers is that it allows the quick 
and reliable estimation of site characteristics of 
any area. Apart from being a cost-effective me-
asure, it reduces time compared to evaluating 
site characteristics from an earthquake which 
has always been a time-consuming as well as 
an expensive process so far as the maintenan-
ce of equipment and human resources is con-
cerned.

So many research in utilizing this H/V ra-
tio estimation  the fundamental frequency of am-
bient vibrations in urban environments (Lebrun, 
Hatzfeld, & Bard, 2001), (Guillier, Chatelain, 
Claudet, & Haghshenas, 2007), (Garcia-Jerez, 
et al., 2007). The proximity of fundamental fre-
quency for resonance effects causes damages 
to a site of the existing man-made structures. 
Therefore, investigation of each site condition 
is an important step towards earthquake ha-
zard mitigation  (Rusilowati, Supriyadi, & Mu-
lyani, 2012).

Indonesian Lesser Sunda,  where Lom-
bok Island is located has been proclaimed as 
one of the most tectonically active regions in 
the world. Two recent destructive earthquakes 
were one in 2004 and the other in 2013 had 
already ripped  through this region. One of the 
most striking features of Lombok Island Regi-
on, Indonesia that most of its cities and densely 
populated settlements are located in the valley, 
sedimentary basins or hills, etc. The objective 
of this research is site characterization of Tan-
jung Region regarding resonant frequency, site 
amplification, etc. using H/V spectral ratio met-
hodology (Nakamura Y. , 1989), (Nakamura Y. , 
2000) as modified by (Bard, 1999).

Geology and Seismicity of the Study Area
Lombok Island is one of a small island in 

the archipelago of Nusa tenggara, Indonesia, 
tectonically is an area with very high seismic 
activity level. This is due to its position as the  
adjacent of the collision zone between the Eu-
rasian and Indo-Australian Plate in the Indian 
Ocean where the Indo-Australian plate subduc-
tion rate is under the Eurasian plate of about 
71 mm/year. As a result of the collision of the 
two plates, appear back arc thrust in the North 
of Lombok Island which is an active shallow 
earthquake generator from Bali to Flores and 
is very powerful and destructive. Based on the 
data from USGS, since 1973 to 2015 there has 
been more than 2400 earthquakes, and some 

of them are destructive earthquakes (Fig. 1).
There were two recent destructive earth-

quake which occurred in the Lombok Island. 
First was the West Lombok earthquake on Ja-
nuary 24, 2004, with the epicentre at 8.26oS 
and 115.79oE and depth of 33 km and 6.2 SR 
scale (IV MMI scale), this earthquake causing 
victims 30 people injured and 2,241 houses 
were damaged. The second one was North 
Lombok earthquake which occurred on June 
22, 2013, with the epicentre at 8.43oS and 
116.04oE (about 14 km north-west of Lombok 
Island) and depth of 10 km and 5.4 SR scale 
(III-IV MMI scale) with victims 44 people injured 
and 5,370 houses were damaged (Anonym, 
2013).

Figure 1. Seismicity map of Lombok Island and 
surrounding region.

Figure 2. Geological map of Lombok Island.
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Figure 3. Location of survey.

The lithology of Lombok Island is compo-
sed of sediment which is relatively young with 
Tertiary to Quaternary age (Manga, Atmawina-
ta, Hermanto, & Amin, 1994). Rocks in Lombok 
island are dominated by volcanic rocks, consis-
ting of volcanic breccia, lava, and sandstone. 
Some places are covered by sediment quarter 
which is relatively young and unconsolidated 
(Fig. 2). In the eastern part of  Lombok Island, 
the tertiary rocks forms are composed of brec-
cias, lavas, tuffs, etc. In the west, which is an 
alluvial area, the rock arrangement is compo-
sed of  alluvial or loose rock such as sand, 
gravel, and mud,  where in the northern part of 
the rock area, consists of Quaternary volcanic 
rocks precipitated from Rinjani volcano. The 
rocks are loose, especially around Rinjani Vol-
canic area. The sediment layer is quite thick, 
which cover nearly two-thirds of the Lombok 
island (Agustawijaya & Syamsuddin, 2012).

METHOD

Microtremor Survey
In this study, microtremor measurements 

was carried out in the Tanjung Region, North 
Lombok District (Fig. 3). Measurements were 
made for 15 days (June 25 to July 9, 2015) with 
the number of points as much as 123 point of 
measurement. The model of Seismometers 
used was the LE-3D/20s with three compo-
nents of speed sensor (Lennartz Electronic) 
connected to data logger series DI-710 (Data 
Instruments) along with Windaq Professional 
software as the acquisition partner. The utili-
zed speed sensors had a natural frequency of 
0.05 Hz and could measure the vibration of the 
three components of one vertical and two ho-
rizontal directions. The frequency response to 
the tool was 0.05 to 40 Hz. Data recording was 
performed with a sampling rate of 100 samp-
les per second with a duration measurement of 
20 to 60 minutes. The survey area on-gird with 

a spacing of 500 meters. The position of each 
measuring point was determined by GPS.

The seismometer was placed on a con-
crete or tar-sealed surface, but in cases where 
only grass or soft surface soil was available, a 
removable concrete pad was used as a base 
to remove any resonance involving the seismo-
meter and the ground (see fig. 4). 

Figure 4.  Setting of seismometer at ground 
surface

To ensure the reliability of noise recor-
ding,  the guidelines proposed by (Koller, et 
al., 2004) was used as guidance in the frame-
work of SESAME. Besides, quiet environment 
& good weather condition had been the prime 
requisite for executing this data acquisition pro-
cess. At each field measurements location, the 
sheet was filled in which described the time, 
date, operator name, coordinates, etc. of the 
area onset and the duration of the measure-
ment.

Microtremor H/V analysis
Data were processed by applying the 

horizontal to vertical (H/V) spectral ratio met-
hod, using the GEOPSY software package 
(www.geopsy.org). In pre-processing, all data 
were converted to SAF format (SESAME AS-
CII Format). HVSR at each site was computed 
with the following steps (Duval, et al., 2004): 
(1) Offset removal (baseline correction). Since 
similar sensors are used for all the three com-
ponents, therefore no instrumental correction 
has been applied; (2) filtering the band-pass 
with a frequency ranging from 0,02 to 20 Hz; 
(3) Determining the stable time windows in the 
20 s length and removing time windows con-
taminated by transients using an anti-trigger 
algorithm. This  assured that only the coherent 
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constituent of microtremors were included and 
the transient was discarded. This was perfor-
med to obtain the comparation between short 
term average (‘STA’, the average level of signal 
amplitude over a short period of time, 1 s) and 
long-term average ‘LTA’ (the average level of 
signal over a much longer period of time, 30 
s). Only windows with threshold ratio STA/LTA 
from 0.3 to 2.5 was used for computing the 
H/V. (4) For each time window, a 5% cosine ta-
per function was applied on both sides of the 
window signal of the Vertical (V), North-South 
(NS) and East-West (EW) components; (5) The 
Fourier spectra were calculated for each time 
windows of the three components to obtain the 
three spectral amplitudes using the Fast Fou-
rier Transform (FFT) and smoothed with using 
Konno-Ohmachi filter with constant bandwidth 
of b=40 (Konno & Ohmachi, 1998). (6) Finally, 
the Fourier amplitude ratio of the two horizontal 
Fourier spectra and one vertical Fourier spect-
rum were obtained using Equation (1):

( )
( ) ( )

( )
NS EW

Z

S f S f
r f

S f
×

=                           (1)

Where r(f) is the horizontal to vertical 
(H/V) spectrum ratio, SNS(f) , SEW(f) and SZ(f) 
are the Fourier amplitude spectra in the NS, 
EW and Vertical directions, respectively. 

After obtaining the H/V spectra for the 
selected segments of the signal, the average of 
the spectra was obtained as the H/V spectrum 
for a particular site. The same procedure was 
repeated at all locations. The peak of the H/V 
spectral plot showed the predominant frequen-
cy of the site and the H/V amplitude. Additio-
nally, calculation of standard deviation for each 
point was performed earlier.

RESULTS AND DISCUSSION

The main results obtained in this study 
is the resonance frequencies (f0) of the site-
sedimentary geology (site-soil columns) and 
the correspondence of relative site-amplifica-
tion factor (A0) derived from the amplitude of 
spectral ratio values.

Figure 5.  Map of the resonance frequency (f0) 
for Tanjung Region.

Figure 5 shows a map of the resonan-
ce frequency of land vibration in the of Tanjung 
Region, North Lombok. The ground vibration 
frequency values was corresponded with the 
thickness of sediment constituent in the regi-
on. Based on the map showed that the value of 
the vibration frequency of the soil ranged from 
0.403 Hz to 16.890 Hz. 

The vibration frequency in low land was 
f0= 0.403-2.471 Hz, symbolized by the red 
color. Therefore, the value of the frequency 
was inversely proportional to the value of the 
ground vibration period, as it could also be re-
garded as ground vibrations with a very long 
period, the very low vibration frequency of the 
soil was generally associated with very thick 
sediment. The low vibration frequency with f0 = 
2.471-4.735 Hz, which was symbolized by the 
brown color, associated with long periods of 
vibration, which could be interpreted as a thick 
sediment. The frequency of the vibration to the 
value of f0 = 4.735-6.869 Hz, symbolized by 
the yellow color, associated with periods of mo-
derate ground shaking, interpreted as a rather 
thick layer of sediment. High-frequency vibrati-
on to the value f0 = 6.869-9.519 Hz, which was 
symbolized by the light green color, associated 
with short periods of ground vibrations, which 
could be interpreted as a thin sediment. The 
very high vibration frequency with a value f0 = 
9.519-16.890 Hz, which was symbolized by the 
green color, it is associated with a very short 
period of vibration, which could be interpreted 
as a very thin sediment.
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Figure 6. Map of the amplification factor (A0) 
for Tanjung Region.

Figure 6 showed the map of the ground-
shaking amplification in the Tanjung Region, 
North Lombok. The amount of vibration was 
related to the nature of the soil compaction or 
hard-soft sediments that made up the region. 
The amount of ground vibration amplification 
ranged from 1.558 to 13.219. To simplify the 
analysis and interpretation, the vibration amp-
lification value of land in this map was divided 
into five classes as follow: very low Amplificati-
on of ground vibrations with A0 = 1.558-5.124 
represented by the green color, associated with 
very compact sediment. Lower amplification of 
ground vibrations with A0 = 5.124-6.085, de-
picted with light green color, was associated 
with hard sediment.  Amplification of 
ground vibrations with A0 = 6.085-7.045, rep-
resented by the yellow color was associated 
with soft to hard sediment. High amplification 
of ground vibrations with A0 = 7.045-8.417, 
illustrated by a brown color,  associated with 
soft sediments. Very high amplification ground 
vibrations with A0 = 8.417-13.219, which was 
depicted in red, associated with a very soft se-
diments that generally consist of soft clay.

Figure 7 showed the map of the vulnera-
bility index in the surface in the Tanjung Regi-
on, North Lombok. The value of land vulnera-
bility index was related to sediment thickness 
and compacting properties or hard-soft sedi-
ments in the region. The value of this land vul-
nerability index ranged from 0.169 to 95.873. 
To simplify the analysis and interpretation, the 
vulnerability index value of land in this map was 
divided into five classes as follow: (a) The va-
lue of vulnerability index of very low with Kg = 

0.169-12.226, represented by the green color, 
was generally associated with very thick and 
very hard sediments. (b) The values of vulne-
rability index of lower land with Kg = 12.226-
23.907, were depicted with light green color, 
generally associated with thick and hard sedi-
mentary. (c) The value of vulnerability index of 
land with Kg = 23.907-39.732, which was de-
picted in yellow, associated with thick and hard 
sediment. (d) The value of vulnerability index of 
land with Kg = 39.732-59.701, which was de-
picted with a brown color, associated with thin 
and soft sediments. (e) The value  of vulnera-
bility index  of land with Kg = 59.701-95.873, 
which was depicted in red, associated with very 
thin and soft sediments.

Figure 7. Map of the seismic vulnerability index 
(K0) for Tanjung Region.

CONCLUSION 

Based on the description of the results 
and discussion above,  some conclusions can 
be state that the values of the natural ground 
frequency ranged between 0.403 Hz to 16.890 
Hz. The distribution pattern of the natural fre-
quency value of ground in of Tanjung Region 
tend to have a regular pattern where the nort-
hern part of the zone has the lower value and in 
the southern area has a high-frequency value. 

The value of amplification of land in 
Tanjung Region ranged from 1.558 to 13.219. 
The distribution of the value of the amplifica-
tion tend to have a regular pattern where the 
northern zone had a lower value (safer to be 
occupied), while the southern part of the area 
has a higher value of amplification (less safe 
for occupancy).
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High amplification – very high regions  
zones that suffered severe damage when an 
earthquake ocurred in Lombok on June 22, 
2013, namely Gol Village and Orong Kopang 
Village in Desa Medana and Karang Nangka 
village, Tanjung.

The value of vulnerability index of the 
land in Tanjung Region ranged from 0.169 to 
95.873. The value distribution of the vulne-
rability index of the land tend to have a regu-
lar pattern similar to the map of northern part 
where the amplification value in this zone was 
low, while the southern part of the region had a 
higher ground vulnerability index. When com-
pared to the building’s damage pattern caus-
ed by the earthquake in  Lombok on June 22, 
2013 to, the vulnerability index map also had a 
positive correlation.

There was a positive correlation between 
the map of ground shaking amplification and 
ground susceptibility index with a pattern of da-
mage caused by the earthquake of Lombok on 
June 22, 2013.
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ABSTRACT

The research aims to determine the effect of using cooperative learning model type STAD on learning 
science to students’ performance in rational thinking skills and learning outcome. The point of view of this 
influence is seen from the presence or absence of improvement rational thinking skills activity of cognitive 
learning outcomes after treatment. The research used experimental method with the design One Shot Case 
Study and took place in SMPN 3 Gorontalo. The data obtained were students’ performance in rational 
thinking skill and learning outcome gathered by observation sheet of students’ activity and test sheet. The 
result show that increase in average score of students’ performance in rational thinking in the third meeting 
compared to the first meeting by indicators of information digging, information processing, problem solving, 
and conclusion formulating. The overall result shows that the students’ performance in rational thinking 
skills achieves good criteria; additionally, the students’ learning outcomes achieve average score of 83.81, 
categorized as B (good).

ABSTRAK

Penelitian ini bertujuan melihat pengaruh penggunaan model kooperatif tipe STAD pada pembelajaran IPA 
terhadap kecakapan berfikir rasional dan hasil belajar kognitif siswa. Pengaruh ini dilihat dari ada atau 
tidaknya peningkatan aktivitas kecakapan berfikir rasional dan hasil belajar kognitif siswa setelah diberikan 
perlakuan. Penelitian ini menggunakan metode eksperimen dengan desain One Shot Case Study yang 
dilaksanakan di SMP Negeri 3 Gorontalo. Data yang diperoleh berupa aktivitas kecakapan berfikir rasional 
siswa dan hasil belajar kognitif yang dijaring dengan menggunakan lembar pengamatan aktivitas siswa 
dan lembar tes. Hasil yang diperoleh menunjukkan terjadi peningkatan rerata skor aktivitas siswa untuk 
kecakapan berfikir rasional pada pertemuan ketiga bila dibandingkan dengan pertemuan pertama untuk 
masing-masing indikator menggali informasi, mengolah informasi, memecahkan masalah dan membuat 
kesimpulan. Hasil penelitian secara keseluruhan menunjukkan perolehan dengan kriteria sangat baik untuk 
kecakapan berfikir rasional siswa, dan untuk hasil belajar kognitif siswa diperoleh rerata skor sebesar 83.81 
dengan predikat B (baik).   

Keywords: Learning Outcomes; Rational Thinking Skills; STAD

problems creatively. Research conducted by 
Mugambi and Muthui (2013) shows that life 
skills enable students to overcome life’s prob-
lems and make important choices for their lives 
now and in the future. Other studies by Khera 
and Khosla (2012) show that by developing life 
skills oriented learning, in general can help stu-
dents in translating knowledge, attitudes and 
values   in healthy living behavior. Permendik-
bud 2013 states that the goal of science edu-

INTRODUCTION

Efforts to provide mastery of basic com-
petencies to students in the learning process 
that lead to mastery of life skills need to be 
done, so that they have the courage to face 
problems in life and be able to solve these 
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cation emphasizes the understanding of the 
natural environment and natural resources that 
need to be preserved within the framework of 
physics, chemistry and biology. This indicates 
that science learning not only emphasizes the 
mastery of a collection of knowledge, but also 
a process of discovery that actively involves 
students and is oriented towards life skills that 
act as a tool to help students develop learning 
abilities (Kemendikbud, 2016). 

Life skills that are intended are skills 
which refer to a variety of abilities of a per-
son to be able to obtain life with success, 
happiness, and dignity in society. Setiorini 
and Munoto (2016) explained that life skills 
are the ability and courage to deal with life’s 
problems, then proactively and reactively 
seek and find solutions to overcome them. 
According to the concept, life skills can be divi-
ded into five parts, namely: 
(1) The ability to know oneself (self aware-
ness), which is often called personal abil-
ity (personal skill). These capabilities include: 
(a) self-esteem as creatures of God Almighty, 
members of society and citizens, (b) realizing 
and grateful for the strengths and weaknesses 
that they possess as well as making them capi-
tal in improving their quality as individuals who 
benefit themselves and their environment
(2) Thinking skills. These skills include: (a) the 
ability to gather and find information, (b) the 
ability to process information and make deci-
sions, (c) creative problem solving skills;
(3) Social skills which include: (a) communica-
tion skills with empathy, (b) the ability to work 
together, empathize, understanding attitude 
and the art of communication is not just con-
veying messages, but the content and arrival 
of messages accompanied by good messages, 
will foster a harmonious impression, 
(4) Academic skills. Often called the ability to 
think scientifically (scientific method), includ-
ing, among others, identification of variables, 
formulating hypotheses, and carrying out re-
search, and 
(5) Vocational skills (vocational skills) which 
are also called vocational skills, meaning that 
skills are associated with certain work fields 
contained in community (Ministry of National 
Education, 2007).

Science learning according to the 2013 
Curriculum for junior high school / MTs is a 
learning integration of various concepts in in-
tegrated science subjects that use the trans-
disciplinarity approach. Through this integrated 
learning, making science as contextual lear-

ning enables students to actively seek, gather 
and discover scientific concepts and principles 
holistically, meaningfully and authentically both 
individually and in groups (Kemdikbud, 2016). 
Based on this description, it is expected that 
students can find the concept of science as 
a whole and authentic, so that they can have 
life skills and shape the personality of students 
who excel in solving various problems.

The reality in the field shows that the 
application of science education that integrates 
life skills so far has not been fully designed in 
learning. The achievement of these educational 
goals is only seen as a nurturant effect which 
is automatically formed along with the maste-
ry of the subject matter. In addition, almost all 
schools found a learning pattern that was very 
product-oriented, so that the learning activities 
intended to foster the skills of educational pro-
cesses and goals that included honesty, discip-
line, mutual tolerance, rational thinking, critical, 
etc. which were actually identical with skills. life 
in general or general life skills cannot be imple-
mented (Depdiknas, 2006).

The results of interviews with science 
teachers in a number of junior high schools 
(SMP) and Madrasah Tsanawiyah (MTs) lo-
cated in the city of Gorontalo indicate that the 
emphasis on life skills aspects in the scien-
ce learning process, especially in the field of 
physics on the topic of pressure on liquids is 
not optimal. More than 85% of teachers stated 
that learning activities that integrate life skills 
that are identical with the skills of this process 
have not been included in the learning design. 
It was also stated that some of the students’ 
skills were quite low, namely the students’ skills 
in exploring and finding information, the abili-
ty to process information and make decisions, 
students’ skills in process of concept discovery, 
students’ communication skills (communicating 
experimental results), students’ skills in app-
lying mathematical operations and understan-
ding mathematical language in solving science 
problems. This results in low student learning 
outcomes.

The results of the initial analysis carried 
out on students’ rational thinking abilities (such 
as exploring and processing information, sol-
ving problems, and making conclusions) on the 
material pressure on liquids in SMP Negeri 3 
Gorontalo, obtained results that when given a vi-
sionization of the phenomenon associated with 
sub-sections the topic of pressure on liquids 
(such as hydrostatic pressure, vessel contact 
and float, float and drowning events / Archime-
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des’ Law) there are 75% of students who have 
not been able to express what information they 
have obtained from the visualized phenome-
non. Based on this situation it can be conclu-
ded that students have learning difficulties on 
the topic of pressure on substances, especially 
the pressure on liquids. This was confirmed by 
the results of the 2016/2017 Computer-Based 
National Examination (UNBK) published by the 
Ministry of Education and Culture (2017), the 
average score of students, especially in scien-
ce subjects in a number of SMP / MTS throug-
hout Gorontalo City, decreased compared to 
the academic year previous. 

The decrease in the average score of 
students in 2016/2017 UNBK, especially in 
science subjects, based on the results of in-
terviews with a number of science teachers, 
was due to teachers’ difficulties in explaining 
abstract topics, including the topic of pressure 
on liquids. This is similar to what was stated by 
Loverude et al. (2003) that the material pressu-
re on liquid and its application in everyday life is 
an abstract topic, so students experience prob-
lems in understanding the concepts taught in 
this topic. One of the impacts that will be caus-
ed by students’ difficulties in understanding 
concepts is the low ability of students to solve 
problems (Johnson, 2012; Reddy & Panacha-
roensawad, 2017)

Based on the description above, the re-
searcher tries to overcome it by implementing 
lifeskills oriented learning, especially rational 
thinking skills, by using cooperative learning 
model type Student Teams Achievement Divisi-
on (STAD). The use of STAD type cooperative 
learning model was chosen due to it’s advan-
tages, namely helping students understand dif-
ficult concepts is also very useful to foster the 
ability to cooperate, critical thinking skills and 
communication skills (Sadieda & Avivah, 2011; 
Ernawati, 2014; Rahmawati et al., 2016). 

Based on the advantages of the STAD 
type of cooperative learning model, the purpo-
se of this study is to determine the effect of the 
use of STAD type cooperative learning model 
on science learning on rational thinking skills 
and student cognitive learning outcomes. This 
influence, seen from the presence or absence 
of an increase in the score of rational thinking 
skills activity and cognitive learning outcomes 
of students after being given treatment

METHOD

The research carried out is quantitative 

descriptive research and the method used is an 
experimental method with the One Shot Case 
Study research design, in which this design 
uses only one experimental class without com-
parison and also without the initial test. In this 
study treatment of the experimental class was 
given to determine the effect of the treatment 
(Arikunto, 2011).

The research was carried out in SMP N 
3 Gorontalo 2016/2017 Academic Year with the 
population being all eighth grade students in 
7 classes, grades VIII-A to VIII-G. The samp-
le selection was determined by using Cluster 
random sampling technique or group sampling 
conducted by lottery method, so that class VII-
IC was chosen as the experimental class. The 
instrument used in the study is rational thin-
king skills assessment sheet, which consists 
of student activity assessment sheets and test 
sheets that lead to indicators of rational thin-
king skills. Data collection techniques used ob-
servation and test methods. 

The data obtained were analyzed quan-
titatively descriptive, by assessing the activities 
of students’ rational thinking skills during the 
learning activities. This activity was observed 
by two observers with reference to the assess-
ment rubric. The test results of students’ ratio-
nal thinking skills are interpreted according to 
the criteria for scoring and determining the pre-
dicate contained in the assessment guide book 
for SMP / MTs in the 2013 Curriculum, as listed 
in Table 1. 

Table 1. Score Interval and Predicate of Stu-
dents’ Rational Thinking
Score Interval Predicate Annotation

> 90 – 100 A Very Good
> 80 – 90 B Good
≥ 70 – 80 C Moderate

< 70 D Poor

RESULTS AND DISSCUSSION

General Description of Research Implemen-
tation

In the initial stages of the implementa-
tion of learning activities by using the STAD 
type learning model on the topic of pressure on 
liquids presented the IPA phenomenon in the 
environment around them. Phenomenon given 
such as (1) the phenomenon of water entered 
in a bottle of mineral water, which then the bott-
le is perforated at varying levels, (2) the water 
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put in a teapot with different neck heights, (3) 
paper, safety pins and plasticine converted into 
various shapes, then put in a vessel filled with 
water. From these activities, students are as-
ked to explore what information they can provi-
de, both related to physical concepts and what 
physical quantities of the visualized phenome-
non. Then from the information presented, stu-
dents are then asked to process the informati-
on they get by asking questions / formulation of 
the problem. From the questions / formulation 
of the problems created by students this will be 
a guide for students in finding ways to solve 
problems. 

The activity of asking students questions 
or problems about the phenomenon of scien-
ce that they observe has the potential to train 
students to find and explore information, so 
they can process the information, and finally 
they can solve the problem well. This is in line 
with the facts put forward by Keles and Ozsoy 
(2009), that if students are able to express basic 
concepts well, then students will also have the 
ability to solve scientific problems well.  

The next step in learning activities is 
that students work in groups, do practicums 
with the help of Student Worksheets (LKS). In 
this activity students are asked to carry out the 
practicum to answer the questions / problems 
they raised before. The solution to the prob-
lems they do through practical activities can be 
seen from the conclusions that they provide. In 
this session, the teacher as the facilitator gives 
comments, suggestions and input on students’ 
conclusions, while strengthening the concept. 
Students who can solve problems properly and 
correctly are also shown by their ability to make 
conclusions. This is in line with the opinion of 
Zewdien (2014) that students who can convey 
ideas well, show that they are able to process 
the information they explore well, so that they 
can connect these ideas to be meaningful in a 
form of conclusion.

 
Overview of Results of Assessment of Stu-
dents’ Rational Thinking Skills

The results of assessment of life skills, 
especially students’ thinking skills, are obtained 
through observing student activities during the 
learning process (for three meetings) which 
refers to indicators of rational thinking skills 
carried out by 2 (two) observers. The indica-
tors of rational thinking consist of (1) the ability 
to gather information, (2) the ability to process 
information, (3) the ability to solve problems, 
and (4) the ability to make conclusions. Gene-

ral description of the results of the assessment 
of students’ thinking skills at each meeting as 
presented in Table 2.

Based on the data presented in Table 2, 
which is then associated with Table 1, it can be 
seen that the giving of treatment is by using the 
STAD type cooperative learning model, stu-
dents’ rational thinking ability is in good criteria. 
This data is supported by the fact that most stu-
dents (as indicated by the mode score) have a 
score of rational thinking skills of 80.16, 82.04, 
and 87.92 respectively at the first, second, and 
third meetings. In addition, the percentage 
of students who have a rational thinking skill 
score above the mean score reaches 52.38%. 
Based on these results it can be said that STAD 
cooperative learning has a positive impact on 
students, such as encouraging students to cre-
ate a situation where one’s success is deter-
mined by the success of the group.

In this learning, the teacher acts as a 
facilitator and students have the opportunity 
to be actively involved in every learning acti-
vity. Students are also more active in discus-
sing with friends a group to solve problems, 
actively asking the teacher and being active to 
present the results of the discussion. Even so, 
there are still students at the first and second 
meetings on certain indicators that still get the 
title C (enough) and D (less) due to several 
factors such as class atmosphere that is less 
supportive, less optimal teachers in classroom 
management activities, so students are not fo-
cused , students who are not accustomed to 
conducting experiments cause the amount of 
time wasted explaining the steps of work and 
guiding students, as well as the differences in 
students’ ability to absorb information convey-
ed by the teacher. 

As stated by Ibrahim et al. (2010), that 
the mastery of teachers and students on the 
skills of planning and conducting experiments 
is the main provision needed to develop them-
selves and seek answers or solutions to prob-
lems faced in learning science in the classroom 
and in everyday life. In addition, the teacher 
plays a major role in the creator of a learning 
environment that is conducive to the growing 
development of students in mastering life skills.

   
Students’ Rational Thinking Skills for each 
Indicator

Judging from each indicator of rational 
thinking proficiency also obtained an increase 
in scores of students’ rational thinking skills as 
presented in Figure 1. Based on Figure 1, it ap-



A.W. Nuayi, Supartin, T.J. Buhungo - Stimulation of Pressure on Liquid Concept In Stad 87

pears that overall there was an increase in the 
average score of rational thinking skills at the 
third meeting for all indicators compared to the 
first meeting. The following is exposure to the 
results obtained for each indicator of rational 
thinking ability.

Ability to Gather Information
The aspect of rational thinking skills in the 

indicators of information gathering, as shown 
in Figure 1, shows that at the second meeting 
decreased by 0.78% from 76.79 to 76.19 and at 
the third meeting the average score increased 
to 89.29 or increased by 17.19%. This shows, 
that students have been able to gather infor-
mation from reading, listening, seeing relevant 
phenomena and discussing and being able to 
emphasize as important information.

where:  MGI: Exploring Information
MOI: Processing Information
MM: Solving Problems
MK: Making Conclusions

Figure 1. Average Score of Student Activity Re-
fers to the Indicator of Rational Thinking Skills

Students’ activities in exploring informa-
tion at the first and second meetings are still 
low, in the sense that they are still in the suffi-
cient category. The low score of these activities 
is due to students not yet accustomed to and 
rarely given the opportunity to read or look for 

reading material related to topics taught and 
practicum activities independently, so that stu-
dents are not used to dig deeper information.

In this study, in the stage of presentati-
on of material by teachers conducted through 
audio-visual shows and assisted by students’ 
worksheet, students are given the opportuni-
ty to find and gather information based on the 
outlines of the information presented by the te-
acher. Then, students are given the opportunity 
to explain the findings of the information they 
have obtained.

Providing explanations and opportunities 
in searching for literature related to the topic 
of pressure being taught, making students ac-
customed to digging up information related to 
pressure topic from the literature/reading mate-
rial presented. In addition, the material delivery 
activities always begin by explaining the lear-
ning objectives to be achieved at the meeting, 
as well as in the teacher learning process as-
sisted by the media, demonstrations, questions 
or real problems that occur in everyday life.

The use of STAD type cooperative lear-
ning models in this study causes students to 
find information from various sources and learn 
from fellow group students. Not only smart stu-
dents will always be active but all students. 
As stated by Slavin (2009: 143) that groups 
in STAD can increase students’ confidence to 
find information from various sources and learn 
from fellow group students.

Furthermore, as stated by Arends (2008: 
7-12) that one important aspect of cooperative 
learning is that in addition to that approach it 
helps improve cooperative behavior and better 
group relations among students, at the same 
time it will help students in academic learning. 
Thus it can be assumed that students with less 
learning abilities work side by side with those 
who have more abilities and these more ca-
pable groups benefit from the process of acting 
as tutors for their less fortunate friends. This is 
then suspected to be the cause of increasing 
students’ ability to dig up information, as can 

Table 2. Overview of Results of Assessment of Students’ Rational Thinking Skills

Meetings
Scores

Lowest Highest Average Modus Median Varians Deviation 
Standar 

First 65.63 93.75 80.06 84.38 81.25 24.72 4.97
Second 75.00 93.75 85.42 87.50 84.38 12.51 3.53
Third 84.38 96.88 89.14 87.92 87.50 5.11 2.26
Average 75,00 94,79 84,87 86.60 84,38 14,11 3,59
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be seen from the reduced number of students 
with a C (enough) in each meeting from a total 
of 6 students at the first meeting to 3 students 
at the third meeting.

 
Information Processing Ability

In the learning process that takes place 
during the study, students are used to proces-
sing the information provided and what they get 
according to the concept well. This condition 
makes students’ rational thinking ability on the 
indicator to process information at each mee-
ting experience significant improvement.

The indicator processing information 
based on Figure 1, shows that there was an 
increase in the mean score from 83.33 at the 
first meeting, an increase of 9.29% to 91.07 
at the third meeting. This average score inc-
rease shows that students process information 
through serious thinking and try to discuss the 
information. In this activity it is expected that 
the entire process of its activities can take pla-
ce well, so that information can be entered in 
students’ long-term memory as meaningful in-
formation.

In addition, an increase in the mean sco-
re of students for aspects of processing infor-
mation, as well as in the aspect of exploring 
information, is thought to be caused by the use 
of the learning model used. The formation of a 
team in this learning makes students more ent-
husiastic in learning. The number of ideas that 
emerge, of course, will further enrich students’ 
knowledge and understanding, so that students 
can improve processing information obtained.

Based on the findings obtained in this 
study, students who provide responses, ideas 
or input can help them to better process the 
information they obtain. So that students can 
straighten the wrong concept together. This is 
in line with what Morgan (1995) stated in his 
research, that in the STAD type of cooperati-
ve learning process indirectly there will be dis-
cussions between students both in one group 
and between groups, students are trained to 
express opinions/ideas, respect opinions/ideas 
friends, gather and find information, process 
information, make decisions, and solve prob-
lems.

The ability to solve problems
One of the stages in learning using the 

STAD model is grouping students into hetero-
geneous groups totaling 4-5 students. By grou-
ping students into small groups gives an op-
portunity for them to discuss problems faced, 

exchange ideas, and obtain alternative solu-
tions to problems that can be used. In addition, 
in small groups, students may be able to solve 
problems better than when working individually. 
Even though working together can take longer, 
the results of the study show that when wor-
king in groups, students are able to show better 
abilities in understanding the problem in more 
depth. This finding is in line with the results of 
Khan and Inamullah’s (2011) study which sug-
gests that STAD as a type of cooperative lear-
ning is able to meet students’ needs in critical 
thinking, problem solving, and integrating kno-
wledge with experience. For this reason, the 
use of cooperative learning models can impro-
ve the quality of learning because students can 
actively participate in a small group in learning 
activities to achieve the expected goals.

The results showed that on the problem 
solving indicator, the average score at the first 
meeting was 76.79, an increase of 16.28% to 
89.29 at the second meeting. This data shows 
that students have been able to solve problems 
related to their duties in teaching and learning 
activities, although at the third meeting dec-
reased by 2.00% to 87.5. The average dec-
rease in scores at the third meeting was due 
to students being too preoccupied in teaching 
and learning, sometimes losing focus on the 
core problems that would be tried to be solved 
in the ongoing learning process. In addition, se-
veral students were observed to be in a hurry 
in completing the assignment, so they did not 
have time to review the results they had ob-
tained.

As explained in Piaget’s development 
theory, that the age of the eighth grade junior 
high school is the transition age from the con-
crete operational phase to formal operations, 
in this phase the majority of students will deal 
with the problems they face in a less systema-
tic manner. One strategy that can be used to 
solve this problem is by giving students direct 
experience through practicum activities which 
are guided by student worksheets and the pre-
sentation of each group’s activities makes stu-
dents more able to process information, then 
solve problems faced so they can make con-
clusions from the topics being discussed (Nug-
roho et al., 2009).

Based on the findings of students in the 
field, the data obtained is that students often 
ask questions and express their ideas to friends 
in the group as well as to teacher things related 
to the practice questions that are on the stu-
dent worksheet. Another step that can be done 
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is to train students not to make conclusions in a 
hurry and the teacher should provide more op-
portunities for students to brainstorm or brains-
torm, so that students’ ability to solve problems 
will increase (Nur & Wikandari, 2000).

Ability to Draw Conclusions
As with the problem-solving indicator, the 

average student score increased at the second 
meeting compared to the first meeting, with 
the average score at the first meeting of 76.79. 
Subsequently at the second meeting increased 
by 16.28% to 89.29, then at the third meeting 
decreased by 1.32% to 88.69. This data shows 
that students have attempted to make conclu-
sions based on group opinions or relevant the-
ories and with teacher guidance, students are 
able to solve problems related to their tasks in 
teaching and learning activities.

The problems that arise at this stage are 
the general condition of students who are less 
systematic in handling the problems they hand-
le and the nature of students’ hurry in comple-
ting the given task. Overall, based on the re-
sults of the assessment of the average score 
of students’ rational thinking skills classically 
there was an increase in score of 10.18%, from 
80.06 at the first meeting to 89.14 at the third 
meeting. The improvement of students’ rational 
thinking skills is allegedly caused by treatment 
during learning activities. This happens be-
cause the STAD grouping has improved these 
aspects. When the process of discussion and 
problem solving takes place, students in one 
STAD group actively communicate with each 
other to solve the given problem. There was a 
discussion activity involving the measurement 
ability of each student so that the measure-
ment aspect also increased. In addition, in sol-
ving problems together, students in the STAD 
group discuss to get the same perspective so 
that they can draw the final conclusions from 
the problems that have been solved. Thus, the 
concluding aspect also increases.This is in line 
with the results of research obtained by Ajaja 
and Eravwoke (2010) that cooperative lear-
ning, such as type STAD can increase student 
learning activities, such as in problem solving 
activities and drawing conclusions.

Based on the results of this study it can 
be seen that with the use of STAD type coope-
rative learning model can increase the average 
score of students for each indicator of rational 
thinking skills. Assessment of students’ rational 
thinking skills in this study obtained optimal re-
sults with good and very good predicate. This 

is like the results obtained by Jufri and Djafar 
(2010) and Rahmawati et al. (2016) who suc-
ceeded in improving students’ thinking skills 
by using the integration of STAD and TGT 
cooperative learning models. In line with this, 
Setiorini and Munoto (2016) also succeeded 
in improving students’ life skills (including ra-
tional thinking skills) using STAD type coope-
rative learning models. In addition, as stated 
by Deming and Cracoline (2004) that the de-
velopment of the quality of thinking skills, inclu-
ding the ability to think rationally can be done 
through the application of learning models that 
can actively involve in the process of thinking. 
So using the right learning model like the STAD 
type cooperative model can make students 
more active.

Student learning outcomes
In addition to observing the activities of 

students in thinking activities based on indica-
tors during the learning process, at the end of 
the meeting an assessment was also given in 
the form of a written test. This test aims to me-
asure students’ knowledge after participating in 
life skills oriented learning activities in this case 
is rational thinking skills. The score of students’ 
learning outcomes was measured using a 
9-item description test which refers to the indi-
cator of measured rational thinking skills, which 
consists of the C1-C6 cognitive domain with a 
maximum score of 75 as shown in Figure 2.

Figure 2. Score Percentage of Students’ Ratio-
nal Thinking Test

Percentage of junior high school stu-
dents’ post-test results on material pressure on 
liquid, from 21 students there were 33% of stu-
dents (7 students) who received the title A (very 
good), 24% of students (5 students) who recei-
ved the title B (good) and C (enough), and 19% 
(4 students) who received the title D (less). 
Based on the classical completeness criteria 
(KKM) that have been determined that is equal 
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to 75 and the determination of the predicate 
based on the assessment guidelines issued by 
the Ministry of Education and Culture in 2016 
as presented in Table 1, the average score of 
student learning outcomes is 83.81 with the tit-
le B (good). However, from 21 students there 
are 4 students who have not yet completed. 
This means that classically it is categorized as 
complete, because based on the defined KKM 
which is 75, the percentage of students with a 
score above KKM reaches 80.95%.

The completeness of the material taught 
in this study was allegedly caused by the use 
of the STAD model. Therefore, the indicators 
and items arranged by the researcher can be 
said to have been mastered by students so that 
it can be said that life skills oriented learning, 
especially rational thinking skills by using STAD 
type cooperative learning models can help stu-
dents to achieve learning completeness. This 
is supported by the results of research con-
ducted by Setiorini and Munoto (2016) which 
states that the learning outcomes of students’ 
knowledge competencies after being taught 
with cooperative learning models Type STAD 
obtain 100% completeness.

Judging from the increase in the ave-
rage score of rational thinking skills and stu-
dents ‘cognitive learning outcomes that were 
learned by the STAD type cooperative model 
in this study, it was seen that there was a very 
strong relationship between students’ rational 
thinking skills and learning outcomes. This very 
strong relationship is expressed by the results 
of testing the correlation between the scores 
of the results of the assessment of rational 
thinking skills with students’ cognitive learning 
outcomes obtained a correlation coefficient of 
0.88. In line with this study, the increase in lear-
ning outcomes obtained in this study is rein-
forced by the results of research conducted by 
Muliyani and Kurniawan (2014) which states 
that STAD type cooperative learning can imp-
rove student learning achievement, and there 
is a positive relationship between the ability to 
think with student learning outcomes cognitive 
domain. 

 
CONCLUSION 

The use of STAD type cooperative lear-
ning model can be used to improve students 
‘rational thinking skills and can complete stu-
dents’ cognitive learning outcomes classically 
for pressure material on the liquid. The results 
obtained showed an increase in the average 

score of student activity for rational thinking 
skills at the third meeting when compared to 
the first meeting, from categories with sufficient 
predicate at the first meeting, increasing to ca-
tegories with good and very good titles at the 
third meeting. For students’ cognitive learning 
outcomes, the mean of learning outcomes with 
the predicate B (good) was obtained, with 33% 
of students who received an A (very good), 
24% of students who received the title B (good) 
and C (enough), and 19% get the title D (less). 
From these results it is suggested that in the 
future learning practice the teacher must pay 
more attention to these indicators. 
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ABSTRACT

The effectiveness of learning is affected by the assistance stages (scaffolding) provided. For example, the 
scaffolding of type 2a and type 2b supports the causal-thinking approach in learning. The type 2a informs 
the causal model, number of causes and effect, while 2b informs its argument sample. This research aimed 
to identify the effect of causal thinking process (CTP) with scaffolding type 2a and 2b on optics problem-
solving ability (PSA) of students. The type of the research was quasi-experiment with the non-equivalent-
group design. Data were obtained with PSA-test and analyzed with the two-tail test with separated variance 
formula at significance degree of 5% to determine the effect of each type of the CTP on the PSA, also to 
determine its difference. The results showed that tcount for each of the first two t-tests were greater than 
ttable, but tcount for the third one was smaller than its ttable. This research concluded that the implementation of 
the CTP with the scaffolding of type-2a and 2b were effective to improve the student’s PSA. However, the 
improvements were not different.   

ABSTRAK

Efektivitas pembelajaran dipengaruhi bantuan tahapan (scaffolding) yang diberikan. Dengan pendekatan 
berpikir kausalitik ini, diperkenalkan scaffolding tipe-2a dan tipe-2b. Kedua scaffolding ini menginformasikan 
model kausal serta jumlah Cause dan Effect tetapi pada tipe-2b ditambah contoh argumentasinya. Penelitian 
ini bertujuan mengidentifikasi pengaruh proses-berpikir-kausalitik (PBK) ber-scaffolding tipe-2a dan tipe-2b 
terhadap kemampuan-pemecahan-masalah (KPM) optik siswa. Jenis penelitian kuasi-eksperimen dengan 
desain non-equivalent-group. Data diambil menggunakan alat tes-KPM dan dianalisis dengan uji-t dua 
pihak menggunakan rumus separated varians pada signifikansi 5% untuk mengetahui pengaruh PBK tipe-
2a dan 2b terhadap KPM, serta perbedaan kedua pengaruh tersebut. Hasil menunjukkan nilai thitung untuk 
dua uji-t pertama lebih besar dari tTable terkait tetapi nilai thitung untuk uji ketiga adalah lebih kecil dari tTable-
nya. Simpulan penelitian implementasi PBK ber-scaffolding tipe-2a dan 2b masing-masing berpengaruh 
terhadap peningkatan KPM siswa tetapi kedua pengaruh tersebut tidak berbeda.  

Keywords: Causal; Problem-Solving; Scaffolding; Optics

Physics as a branch of natural science 
is critical to learning for fostering the thinking 
skills. Physics as a subject has the objective to 
develop the students’ reasoning skills in thin-
king inductively and deductively. Students can 
apply concepts and principles of physics to ex-
plain various natural phenomena and to solve 
problems both qualitatively and quantitatively 
(BSNP, 2006). Therefore, it is urgent to develop 
a physics learning with the orientation of balan-
cing between the provisions of material by the 
teacher with problem-solving practices to boost 
the students’ thinking skills ability.

The example of the thinking processes 

INTRODUCTION

Science does not only covers the acti-
vities of reading, remembering, or storytelling; 
but also encourages people to use their skills to 
solve problems in the actual world, such as cre-
ating, building, and developing new ideas and 
ways of thinking. Moreover, science learning 
must involve the student in problem-solving ac-
tivities (Barba, 1998).
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that can improve students’ reasoning skills in 
problem-solving is creative thinking, critical 
thinking, and analytical thinking. Glaser defi-
nes critical thinking as an attitude of wanting to 
think deeply about problems, as well as know-
ledge of examination methods and logical rea-
soning (Fisher, 2009). Chance said that critical 
thinking is the ability to analyze facts, create 
and compile ideas, maintain opinions, make 
comparisons, describe conclusions, evaluate 
arguments and solve problems (Amer, 2005).

The analytical thinking is a component 
of critical thinking. This way of thinking repre-
sents the ability to scrutinize and unravel facts, 
and thoughts into its strengths and weaknes-
ses such as the development of the capacity to 
think carefully (thoughtfully), how to discern, to 
solve problems, analyze data, and remember 
and collect information (Amer, 2005).

This study is inspired by previous re-
search conducted by Rokhmat (2013) which 
implementing causal and analytical thinking 
processes (CATP) with a standardized pattern 
and proven to be able to improve the problem-
solving ability of student teacher of physics. 
Based on the limitations of the study, the stan-
dardized CATP used was still general; therefo-
re, one of the things that became a recommen-
dation for other researchers was to use CATP 
with scaffolding. In this study, CATP refers to as 
a causal thinking process (CTP).

The causal thinking process is a com-
bination of causal and analytic thinking skills. 
Lenzen explained that the essence of causal is 
the connection between two phenomena, the 
phenomena of the cause and the phenomena 
of the results (Rokhmat, Agus, & Dadi, 2012). 
Meanwhile, Hardy suggests that analytic thin-
king is the ability to think of students to desc-
ribe, detail, and analyze information used to 
understand knowledge by using logical reason 
and mind, not based on feelings or guesses 
(Marini, 2014).

In the learning process, physical pheno-
mena facilitate students’ causal and analytical 
thinking abilities. Also, students are required to 
determine the causal components in a physi-
cal problem while they do the casual thinking. 
Then, students need to think deductively in pre-
dicting all events (consequences) that have the 
chance to occur based on the causes. When 
they do the analytical thinking, students must 
be able to identify the conditions of the causes 
which affect on specific event or effect based 
on the knowledge that has been possessed 
which includes concepts, principles, theories, 

or related physical laws (Rokhmat et al, 2012).
The pattern of CTP with scaffolding type 

2a is the development of causal and analytical 
thinking facilitated by the main pattern of the 
causal table with some part of the results have 
been given in the table. Then, students must 
determine the components of the causes and 
other effects with the known amount of a phy-
sical phenomenon. Also, the students need to 
explain how the causes can produce such an 
effect. Meanwhile, the pattern of CTP with scaf-
folding type 2b is the development of the CTP 
with scaffolding type 2a pattern. In this pattern, 
there is additional assistance information and 
explanations (Rokhmat, 2013). In this study, 
the CTP with scaffolding type 2a and 2b was 
modified by adding a part of the causative com-
ponent to the causal table.

There are six indicators of problem-sol-
ving (IPS), namely (1) understanding, it me-
ans the ability to understand ideas or ideas in 
each question, (2) selecting, which explains the 
ability to choose or select a variety of possible 
consequences that will occur regarding the 
causes in the matter, (3) differentiating, the abi-
lity to distinguish and choose causes that can 
produce a certain effect, (4) determining, the 
ability to determine the concepts, principles, 
theories, and  / or laws of physics to support 
in identifying a number of causes to produce 
a consequence, (5) applying, the ability to use 
concepts, principles, theories, and / or physi-
cal laws to support a identify or cause certain 
consequences, and (6) identifying, that is, iden-
tifying the causes which produce a particular 
effect (Rokhmat, 2013; Rokhmat, Marzuki, Hik-
mawati, and Verawati, 2017; Helmi, Rokhmat, 
and Ardhuha, 2017; Tamami, Rokhmat, and 
Gunada, 2017; and Yuliana, Rokhmat, and Gu-
nada, 2017). In solving the problem, students 
often have the difficulties in distinguishing the 
causal elements as the factors of the desired 
answer especially if the problem states that the 
real cause is not a factor of the effect but as 
a factor of the other. With the causal thinking 
approach with scaffolding type 2a and 2b, stu-
dents can determine the causes and effects of 
a problem efficiently. In both types, the number 
of cause and effect elements are informed, and 
some examples are given. Specifically for ty-
pe-2b scaffolding, there are examples of argu-
ments that explain how the conditions of each 
cause and its effects can occur. 

This objective of this study is to identify 
the influence of Modified causal thinking pro-
cess with scaffolding type 2a and 2b which are 
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facilitated by the worksheet on the develop-
ment of students’ problem-solving ability/PSA 
(H01 and H02). Also, to identify the difference of 
the influence between Modified causal thinking 
process with scaffolding type 2a and 2b facili-
tated by the worksheet on the development of 
students’ problem-solving ability/ PSA (H03).

METHOD

This study employed the Quasi-Experi-
mental with Non-equivalent Group Design as 
shown in Table 1. The population was all stu-
dents of class XI-MIA MAN-2 Mataram. The 
sample was taken by purposive-sampling 
technique. The research subjects obtained 
were XI-MIA-2 students (9 boys and 23 girls) 
as the experimental class 1 and XI-MIA-1 stu-
dents (7 boys and 25 girls) as experimental 
class 2. 

Table 1. Non-equivalent Group Design

Group Pre-test Treatment Post-
test

Experimental 
Class 1 O1 X1 O2

Experimental 
Class 2 O3 X2 O4

(Adapted from Setyosari, 2012)

Before treatment, the pre-test was con-
ducted in both classes. After that, the treatment 
was given to both classes, i.e., experimen-
tal class 1 applied a modified causal thinking 
process with scaffolding type 2b facilitated 
by worksheet (X1); whereas the experimental 
class 2 employed the modified causal thinking 
process with scaffolding type 2a facilitated by 
worksheet (X2). After treatment, post-test was 
performed in both classes to measure the re-
sults of the treatment. The difference between 
worksheet for X1 and X2 is the example of cau-
se-effect which is given in the worksheet X1, 
while in worksheet X2 the example of this exp-
lanation is not given.

The independent variable in this study is 
the modified causal thinking process with scaf-
folding type 2a and 2b assisted by the work-
sheet; whereas the dependent variable is the 
students’ problem-solving ability; and the cont-
rol variables are material, learning objectives, 
assessment methods, and time allocated to 
both classes.

The research instrument includes the 
syllabus, lesson plan, and worksheet to help 

the modified causal thinking process with scaf-
folding type 2a and 2b, and students’ problem-
solving ability (PSA) questions. The PSA items 
were analyzed for its validity and reliability. 
Validity analysis employed the r product mo-
ment correlation equation with rough numbers, 
and the reliability of essay items applied the 
Alfa formula. The instrument test results show 
eight valid and reliable questions. The pre-test 
and post-test data were then tested for norma-
lity using the chi-square formula (χ2), the cal-
culation results showed that the pre-test and 
post-test data were normally distributed. The 
hypothesis test uses a two-party t-test with a 
separated variance formula.

The questions were prepared based on 
the six PSA indicators to facilitate the emer-
gence of the indicators. First, the question 
should be causal with a simple combined mo-
del, which has more than one cause or effect 
element (having more than one answer) (Rokh-
mat et al, 2017b). Secondly, the questions in 
the problems indicate an open answer. In this 
case, the answer and deception are provided 
for students to choose from. Thirdly, there is 
also a demand for students to explain the cau-
se element as the effect of answers can occur. 
Finally, in explaining, students need to involve 
concepts, principles, laws, and or related theo-
ries (Rokhmat, 2013).

RESULTS AND DISCUSSION

Results
The results of the study include the pre-

test and post-test of problem-solving ability 
(PSA) score analysis and the results of hypot-
hesis testing for the experimental group 1 and 
group 2. Students in group 1 used causal thin-
king process (CTP) with modified scaffolding 
type 2b facilitated by students’ worksheet while 
group 2 applied the Modified CTP with scaffol-
ding type 2a assisted by worksheet.

Stages of learning activities: the appli-
cation of Modified CTP with scaffolding type 2a 
assisted by worksheet in learning can promote 
the students to learn through the following sta-
ges: 1) understanding physical phenomena, 2) 
completing the causal table, by a) writing down 
the causal elements that have not been written 
in the Table, b) predicting the effects that have 
the chance to occur that have not been writ-
ten in the Table, and 3) compile arguments to 
explain how the conditions of each effect are 
related to producing the predicted results. The 
preparation of this argument for each effect 
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including those that have been written in the 
causal table.

Table 2. Example of the causal table with scaf-
folding type 2a 
Causes (5) Effects (3)
Cause-1 Effect-1
Cause-2 …………….
……………………. …………….
…………………….
…………………….

Explanation:
Effect-1: 
……………………………………………..
 
……………………………………………...
Effect-2: 
……………………………………………..
 
……………………………………………...
Effect-3: 
……………………………………………..
 
……………………………………………...

In learning with CTP with scaffolding type 
2b, students learned with the same stages as 
scaffolding type 2a. However, all arguments in 
type 2a were prepared by themselves, while 
in type 2b, there were some examples of refe-
rences to direct the students in arranging their 
arguments.

Table 3. Example of the causal table with scaf-
folding type 2b

Causes (5) Effects (3)
1. Cause-1 1. Effect-1
2. Cause-2 2. …………….
3. ……………………. 3. …………….
4. …………………….
5. …………………….

Explanation:
Effect-1: The explanation of how each element 
of cause can give the effect 1 occurs. 
Effect-2: 
……………………………………………..
 
……………………………………………...
Effect-3: 
……………………………………………..
 
……………………………………………...

Indicators of problem solving abilities 
(IPS) in learning process: The learning pro-
cess applied the problem-solving ability (PSA) 
to students as follows (Rokhmat, 2013, Rokh-
mat, et al, 2017): First, students must be able 
to understand the purpose of the questions ex-
pressed in verbal representations together with 
conceptual images. Indicators of understanding 
are based on the ability to predict or choose the 
effect, whether predicted or selected is correct 
(at least predict or choose an effect) or lead to 
the requested answer (the indicator of problem-
solving/IPS 1). Second, the related problems 
show that students can predict or choose at 
least 50% of the effects that are likely to occur 
(IPS 2). Third, the related problems show that 
students explained how a predictable or se-
lected effect occurs at least 50% of the cause 
components as the factors in the occurrence of 
the effect (IPS 3). Fourth, it shows that students 
in explaining on how a predicted or selected ef-
fect occurs which involves at least one of the 
concepts, principles, theories, or physical laws 
associated with the problem (IPS 4). Fifth, it 
shows that students in explaining how a predic-
table or chosen effect occurs correctly using at 
least one of the concepts, principles, theories, 
or physical laws associated with the problem 
(IPS 5). Sixth, it shows that students in explai-
ning how a predictable or chosen effect occurs 
to get a score of at least 50% of the maximum 
score, which is the same as the maximum sco-
re of “5” with the correct number of effects that 
have been predicted or selected (IPS 6).

The results of the pre-test and post-test 
of the Problem Solving Ability (PSA) showed 
that the enhancement average of PSA sco-
re was ranged between 1.62 to 1.78 times as 
shown in Table 2 and Table 3. It indicates that 
the implementation of learning with causal thin-
king process (CTP) with modified scaffolding 
type 2a and 2b assisted by students’ worksheet 
can improve students’ ability in solving physics 
problems.

The difference between the mean of 
post-test and pre-test in the experimental class 
1 using Modified CTP with scaffolding type 2b 
facilitated by worksheet was 18.75. In order to 
determine the effect of this type of CTP, a sepa-
rated variance t-test was performed with dk = n 
- 1. The calculation results show that the value 
of tcount > ttable at 5.88 > 2.04. It indicates that H02 
is rejected where there is an effect of modified 
CTP with scaffolding type 2b increased the stu-
dents’ problem-solving ability.

The difference between the average 
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post-test and the pre-test score of experimen-
tal class 2 using Modified CTP with scaffolding 
type 2a assisted by the worksheet was 16.38. 
In order to determine the effect of CTP, a sepa-
rated variance t-test was performed with dk = n 
- 1. The calculation results showed that the va-
lue of tcount> ttable at 7.15 > 2.04. It indicates that 
H01 was rejected where there is an influence of 
the causal thinking process (CTP) with modi-
fied scaffolding type 2a towards increasing the 
students’ problem-solving ability. 

Moreover, the difference of the influence 
of the causal thinking process (CTP) with mo-
dified scaffolding type 2a and 2b assisted by 
the worksheet was tested using separated va-
riance t-test. This test applied the data of post-
test and pre-test score difference from both 
classes. The results of the test showed that 
the value tcount < tTable at 0.87 < 2.04; thus, H03 
was accepted where there is no significant in-
fluence of the Modified causal thinking process 
with scaffolding type 2a and 2b assisted by the 
worksheet to the students’ problem-solving abi-
lity. 

The percentage of pre-test and the post-
test average score of each IPS of the students 
in class 1 and 2 are shown in Table 6. 

Discussion
From the view of the pre-test and post-

test ratio, the problem-solving ability of the stu-
dents was highly increased showing more than 

one and a half times compared to the previous 
ability. Moreover, specifically for students in the 
experimental class 1, it increases almost two 
times. This phenomenon, qualitatively desc-
ribes the excellent effectiveness of the CTP 
with two types scaffolding implementation in 
improving students’ problem solving ability in-
cluding the ability to understand the problem, 
choose Cause and Effect aspects, differentiate 
Cause which is a factor of each Effect, deter-
mine concepts, principles, theories, and or the 
laws of physics (cptlP). Moreover, it increases 
the ability to implement cptlP in composing ar-
guments and explaining why each effect oc-
curs by involving cptlP. This finding is in line 
with recommendations for the development 
of learning instruments with a causal thinking 
approach with scaffolding (Rokhmat, Marzuki, 
Hikmawati, & Verawati (2017). Meanwhile, the 
effectiveness of this form of scaffolding is in line 
with the research of Helmi, Rokhmat, & Arhuha 
(2017), Tamami, Rokhmat, & Gunada (2017), 
Putrie (2016), and Yuliana (2016), as well as 
Yuliana, Rokhmat, and Gunada (2017).

From the achievement level, students’ 
problem-solving ability was still deficient. In the 
beginning, the PSA of students in two classes 
were about 25%. These results were actually 
because of the PSA questions applied are clas-
sified as unusual for the students. The questi-
ons were designed with a semi-open pattern, 
where students can choose more than one 

Table 4. Pre-test score of students in Experimental Class 1 and 2

Class Number of 
students (N)

Max 
Score

Min 
Score Mean S s2

Exp. 1 32 48 6 24.13 10.34 106.92
Exp. 2 32 40 4 26.31 8.05 64.8

Table 5. Post-test scores of students in Experimental Class 1 and 2

Class Number of 
Students (N)

Max 
Score

Min 
Score Mean S s2

Exp. 1 32 79 23 42.88 14.79 218.74
Exp. 2 32 63 21 42.69 10.15 103.02

Table 6. Percentage of the average score of pre-test and post-test of the students’ problem-
solving ability in Experimental Class 1 and 2

Data Class
The average of problem-solving abilities (%)

IPS 1 IPS 2 IPS 3 IPS 4 IPS 5 IPS 6

Pre-
test

Exp. 1 83 20 15 20 5 0.4
Exp. 2 91 25 16 15 10 0.4

Post-
test

Exp. 1 100 42 44 37 25 9
Exp. 2 100 52 55 34 13 2
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correct answers. Surprisingly, there are some 
questions with all the correct choice of ans-
wers.  Moreover, students were also allowed 
to give additional answers, and they were nee-
ded to make arguments in explaining how the 
condition of each element of Cause is seen as 
a factor of each selected Effect, which is indica-
ted by the answers that have been chosen. The 
explanation of the PSA criteria is in line with 
the statement of Rokhmat (2013); Rokhmat 
et al (2017), Helmi, et al (2017), Tamami, et al 
(2017) and Yuliana, et al (2017).

Final achievement of the students’ prob-
lem-solving ability (PSA) as a result of the post-
test: It has been stated that this students’ final 
PSA was more than one and a half times com-
pared to initial PSA. However, its achievement 
is still below 50%, and even closer to 40%. If 
the final achievement benchmark is set at 80% 
with the assumption that the average achie-
vement of the average student is “A” and this 
predicate is valid for the percentage of achie-
vement of 80% or more, then the final achie-
vement of PSA is still half of the desired ideal 
achievement. This fact shows that although the 
CTP with scaffolding type 2a and 2b approach 
is effective in increasing students’ PSA, even 
though its achievement is still far from its ideal 
achievement.

This fact shows at least two things, i.e., 
1) CTP has been effective in increasing stu-
dents’ PSA, and 2) the use of PSA questions 
of this type along with the development of re-
levant CTP needs to be exposed from lower 
levels of education. Therefore, it is possible to 
achieve the final PSA for each implementati-
on of CTP development by ideal expectations, 
which is 80% or more.

Initial Problem Solving Ability (PSA) 
based on the pre-test results for experimental 
class 2 on IPS 1, IPS 2, IPS 3, and IPS 5 was 
higher to experimental class 1. However, the 
IPS 4 in experimental class 1 was more signifi-
cant to experimental class 2. While for the IPS 
6 in both classes showed the same percentage 
value. 

Furthermore, the final PSA based on the 
post-test results indicate that both classes ex-
perienced an increase from the initial PSA. Cur-
rent PSA conditions in experimental classes 1 
and 2 were the same as the IPS 1. However, 
the IPS 2 and IPS 3 of the experimental class 
2 were higher than the experimental class 1. 
Conversely, on the other three indicators, IPS 
4, IPS 5, and IPS 6 in the experimental class 1 
were higher than experimental class 2. This fact 

shows that students’ PSA who implemented the 
causal thinking process with scaffolding type 
2b were higher in the IPS 4 to IPS 6. Therefore, 
it represents that although overall there is no 
difference in effect between the causal thinking 
process with scaffolding type 2a and 2b; type 
2b has a more positive effect on these three 
indicators than type 2a. The examples of typi-
cal questions and answers were used for stu-
dents in experiment 1 and experimental class 
2 to add to the depth of this discussion. Both 
of these experimental classes were tested with 
the same problem to show whether the six PSA 
indicators appeared in the two groups.

Examples of questions: P object is stan-
ding in front of a concave mirror. The position 
of the object can be at the center of the mirror 
curvature or between the vertex and the cen-
ter of the mirror curvature. Based on this fact, 
note the following statements related to the P 
shadow: (1) real, inverse, equal to P, (2) real, 
upside down, smaller than P, (3) virtual, upright, 
bigger than P, (4) real, upside down, and bigger 
than P. Of the four statements, which one is li-
kely to occur? Explain how it happened, state 
the concepts, principles, laws, and physics the-
ories that are related!

How to solve the problem: Students are 
asked to write down which statement number 
of the four statements has the chance to oc-
cur. In the instructions should be notified to 
students that of all statements given there is 
a possibility that all statements may not occur, 
some statements may occur, or all statements 
may occur. Furthermore, outside of the state-
ment provided, students are also given the op-
portunity to add answers or other statements 
that might occur.

Answer: Possible statements are statements 
(1), (3), and (4).
Explanation:
Statement-1: occurs when object P is right at 
the center of the mirror curvature
Statement 3: occurs when object P is between 
the vertex and the mirror’s focal point
Statement-4: occurs when object P is between 
the center of the curvature and the focal point 
of the mirror
Additional answers: no shadows or shadows 
are formed at infinity.
Statement (additional answer): occurs when 
object P is right at the mirror’s focal point.

The results of this study indicate that the 
Modified causal thinking process with scaffolding 
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type 2a with a 5% significance and also the type 
2b can increase students’ problem-solving abili-
ty (PSA). However, the improvements in PSA in 
both treatments were not significantly different. 
The results of this study are in line with pre-
vious studies conducted by Rohkmat (2013) 
that causal and analytical thinking processes 
(CTAP) with a significance level at 5% have 
a positive effect on increasing PSA. However, 
the type or pattern of the causal thinking pro-
cess used is a standard pattern. Regarding 
the causal thinking process with scaffolding 
type 2a, Putrie (2016) and Tamami, Rokhmat, 
and Gunada (2017) have conducted similar re-
search. The research results of Putrie (2016) 
show that the modified causal thinking process 
with scaffolding type 2a assisted by worksheet 
on dynamic electrical learning with a significan-
ce of 5% can increase students’ PSA. Similar 
results also occur for the study of geometric op-
tics (Tamami et al, 2017). Regarding the causal 
thinking process with scaffolding type 2b, Yuli-
ana (2016) and Yuliana, Rokhmat, and Gunada 
(2017) stated that learning by applying causal 
thinking processes with scaffolding type 2b as-
sisted by worksheet has a positive influence 
on students’ PSA. Other research results by 
Helmi, Rokhmat, and Ardhuha (2017) stated 
that the modified causal thinking approach with 
scaffolding type 2b assisted by the worksheet 
has a positive effect on students’ PSA on the 
dynamic fluid material.

Although each type affects increasing 
PSA, the assistance in the form of explanation 
added to the worksheet of CTP scaffolding type 
2b does not have a significant effect on increa-
sing students’ PSA. It is because of some stu-
dents in class 1 did not answer the reasoning 
since they were confused even though they had 
been given explanatory assistance, especially 
in determining the concepts, principles, theo-
ries, and related physical laws. It is related to 
the constraints faced in the research process, 
and it is proved as the limitation of the study. 

The obstacle was the limited time to dis-
cuss physical phenomena; then each group 
was only provided by one worksheet. Therefo-
re, the learning process was limited, only some 
students in each group could understand the 
problem. Next, students’ ability to comprehend 
the worksheet was limited. The worksheet 
was unfamiliar to them, and it made them as-
ked many questions related to the command 
in filling the worksheet space. Also, they were 
still confused in understanding the sentences 
in the physical phenomena presented in the 

worksheet.
To overcome these limitations, students 

need to do an initial task to recall their basic 
knowledge in solving physical phenomena and 
do not take long to find references. Also, it is 
better to provide the worksheet for students 
with at least two students one worksheet to fa-
cilitate the learning process. Furthermore, an 
explanation in using the worksheet must be 
conducted at the beginning of the lesson. The 
sentences modification to fit the students un-
derstanding is suggested to ease the learning 
process. Also, special handouts related to the 
material being discussed can be considered; 
therefore, the exploration process of reference 
material can be more effective. These recom-
mendations are in line with Rokhmat, Marzuki, 
Hikmawati, and Verawati (2017), which means 
that to overcome the limitations of implemen-
ting the causal thinking approach, among ot-
hers, by providing handouts, using only one 
phenomenon in each worksheet, is given an 
example of a phenomenon that has been ans-
wered in full, as well as the provision of preli-
minary assignments at least two days before 
face-to-face learning.

CONCLUSION

Based on the results of research con-
ducted in MAN 2 Mataram in class XI students 
in the 2016/2017 school year, data analysis 
with a significant level of 5%, and discussion, 
it can be concluded that the modified causal 
thinking process with scaffolding type 2a in-
fluenced the improvement of the problem-sol-
ving ability (PSA) of students. However, there 
was no significant difference between the two 
CTPs. Assistance in the form of explanation 
on the causal thinking process with scaffolding 
type 2b was only seen in some indicators of 
problem-solving (IPS), and it did not significant-
ly affect the increase in PSA.
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ABSTRACT

Along with the increase of world’s energy need in one hand and of the impact of its uses in the other 
hand, conservation is indispensable. This paper describes pre-service physics teachers’ knowledge about 
energy conservation, how they use their knowledge to make energy-related decisions, and how their self-
system toward energy conservation. The data presented here are from selected items of a field test of 
instrument intended to measure energy literacy that involved 123 pre-service physics teachers from three 
state universities in Indonesia.  They are one state university in South Sumatera and two state universities in 
West Java. Data from this survey study were analyzed qualitatively. Results showed that pre-service physics 
teachers were still lack of knowledge and knowledge utilization to make energy-related decision.  However, 
they showed a tendency to engage in energy conservation efforts.   

ABSTRAK

Seiring meningkatnya kebutuhan energi dunia di satu sisi dan dampak penggunaannya di sisi lain, 
konservasi menjadi sangat penting. Artikel ini menggambarkan pengetahuan mahasiswa calon guru fisika 
tentang konservasi energi,  bagaimana mereka menggunakan pengetahuan tersebut untuk mengambil 
keputusan, dan bagaimana self-system mereka terkait konservasi energi. Data diperoleh dari uji lapangan 
terhadap instrumen yang ditujukan untuk mengukur literasi energi yang melibatkan 123 mahasiswa calon 
guru fisika dari tiga perguruan tinggi negeri di Indonesia. Ketiga universitas negeri tersebut adalah satu 
berada di Sumatera Selatan, dan dua berada di Jawa Barat. Data dari penelitan survey ini dianalisis 
secara kualitatif. Hasil analisis menunjukkan mahasiswa calon guru fisika kurang dalam pengetahuan dan 
penggunaan pengetahuan untuk membuat keputusan terkait energi. Namun demikian, mereka menunjukkan 
kecenderungan untuk terlibat dalam upaya konservasi energi.  

Keywords: Energy Conservation; Decision Making; Pre-Service Physics Teacher; Self-System

to the second meaning, that energy conserva-
tion is interpreted in everyday language as en-
ergy saving. Regarding to energy saving, it can 
be done in two ways, technology development 
(efficiency) and behavioral change. 

Development of technology to improve 
efficiency is necessary, but it is not sufficient 
to reduce the energy consumption (Costanzo, 
Archer, Aronson, & Pettigrew, 1986). The de-
velopment of technology will has more impacts 
if it is supported by the changes of human be-
havior in using energy. Behavioral changes will 
occur if a person has sufficient knowledge (Fin-
ger, 1994; Frick, Kaiser, & Wilson, 2004; Jen-

INTRODUCTION

Along with the increase of energy needs 
on the one hand and the effects of its uses in 
other hand, conservation is deemed to be the 
solution. The term energy conservation can in-
deed have two interpretations. Firstly, energy 
conservation, in physics, means that energy is 
conserve or is known as principle of conserva-
tion of energy. Energy is neither created nor de-
stroyed. This meaning appears to be opposed 
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sen, 2002; Kaiser & Fuhrer, 2003; Zografakis, 
Menegaki, & Tsagarakis, 2008)  and the atti-
tude or affect (Davis, 1985; Dewaters & Pow-
ers, 2011; Gomez‐Granell & Cervera‐March, 
1993; Lee, Lee, Altschuld, & Pan, 2015; Vlahov 
& Treagust, 1988).  A such characteristic of in-
dividual is called as an energy literate person 
(Barrow & Morrisey, 1989; DeWaters & Pow-
ers, 2013).  

Without a basic knowledge of phys-
ics the ideas around energy conservation are 
likely meaningless (Newborough, Getvoldsen, 
Probert, & Page, 1991). System knowledge, 
action-related knowledge, and effectiveness 
knowledge are regarded as conservation-rel-
evant knowledge (Frick et al., 2004).  System 
knowledge relates to knowledge about energy 
problems. This is a basic scientific knowledge. 
Action-related knowledge relates to how to 
conserve energy. To select among alternatives 
which is more effective way to conserve energy, 
then someone needs effectiveness knowledge. 

When someone select between two or 
more alternatives that initially appear equal, 
the process of decision making is used  (Baron 
& Brown, 1991; Marzano & Kendall, 2007). In-
formed decisions regarding energy issues faced 
in everyday life constitute process of someone 
utilize his/her knowledge. However, in making 
decision, someone may use normative (ratio-
nal) or naturalistic approach (Jonassen, 2012). 
With rational perspective, decisions are made 
by considering the one that provides maximum 
utility, while with naturalistic perspective, deci-
sions are made by considering the one that is 
most consonant with personal beliefs (Jonas-
sen, 2012).

Interconnected attitudes, emotions, and 
personal beliefs shape individual self-system 
(Marzano & Kendall, 2007). Further, Marzano 
& Kendall (2007) proposed four type of self-
system. They are examining importance, exa-
mining efficacy, examining emotional respon-
se, and examining motivation. 

This paper aims to describe the measu-
rement results of pre-service physics teachers 
related to energy conservation. Questions that 
will be answered in this paper are: (1) what is 
the pre-service physics teachers’ knowledge 
regarding energy conservation; (2) how do 
pre-service physics teachers make decisions 
related to energy conservation; and (3) what is 
the self-system of pre-service physics teachers 
toward energy conservation. 

METHOD

The data reported on here resulted from 
selected items according to the topics of energy 
conservation of the instrument that purported to 
measure pre-service physics teachers’ energy 
literacy. The instrument was developed based 
on previous work (Yusup, Setiawan, Rusta-
man, & Kaniawati, 2017). For our purpose in 
this paper, we relabeled the code of items from 
its original version. There were 123 pre-service 
physics teachers from three state universities 
in Indonesia who involved as participants. They 
are one state university in South Sumatera, 
and two state universities from West Java. The 
participants were from the first to third year of 
study in the universities. Their participation in 
the current study were voluntary. Descriptive 
method was used to analyze the data.

RESULTS AND DISCUSSION

Pre-service physics teachers comprehensi-
on toward energy conservation

Figure 1 depicts two items to assess 
pre-service physics teachers’ comprehension 
of energy conservation. Question 1 conflicted 
pre-service physics teachers’ understanding 
about the principle of energy conservation (en-
ergy is neither created nor destroyed) and the 
current consideration of conservation of energy 
(resources) where the world is seen as running 
out of energy, There were 39% of participants 
agreed that energy will not be exhausted and 
41% of participants added the statement that 
although energy in the world will not be ex-
hausted but remains vital to save energy. Only 
7% of participants who could answer precisely 
this question. 

The result indicates that the majority 
of pre-service physics teachers did not un-
derstand the principle of energy conservation 
well. They could not distinguish the concept of 
energy conservation and energy degradation. 
This can be confirmed from their answer to the 
Question 2 (Figure 1). 

In Question 2, participants were asked 
to evaluate issue on depleting non-renewable 
energy sources. Majority of participants (92%) 
expressed disagreement if non-renewable 
energy sources were used regardless of the 
availability of energy sources for future gene-
ration.

The results revealed that pre-service 
physics teachers have not understood the con-
cept of energy conservation well. They equated 
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principle of energy conservation with energy 
conservation in the sense of energy saving. 
These findings are consistent with previous 
studies (Kesidou & Duit, 1993; Papadouris, 
Hadjigeorgiou, & Constantinou, 2014). This 
weakness is due to the use of the term energy 
in everyday life are not in accordance with the 
conception of physics (Duit, 1981; Kesidou & 
Duit, 1993). Another cause is the lack of recog-
nition of the concept of energy degradation in 
learning (Daane, Vokos, & Scherr, 2014; Gold-
ring & Osborne, 1994; Pinto, Couso, & Gutier-
rez, 2004). 

Question 1 
Based on his understanding of the law of conservation    
of energy, a student argues that energy in this world will 
not be exhausted. Therefore, according to him, we do 
not need to save energy. What will be the consequences 
if the student’s opinion is followed? Explain  your reason. 
 
Question 2 
Although our petroleum and natural gas reserves are 
getting lesser, it does not matter that we use as much 
petroleum and natural gas as we need now because 
future generation will have new energy that we do not 
have today. 
Do You agree with this statement? Explain your resason.

Figure 1. Items to assess pre-service physics 
teachers comprehension toward energy con-
servation.

Pre-service physics teachers’ energy-re-
lated decision making regarding effective-
ness knowledge

Two questions in Figure 2 were intended 
to assess how pre-service physics teachers 
use their knowledge to make energy-related 
decision. Question 3 provides a condition in 
which the available alternatives of incandes-
cent light bulb (ILB), compact fluorescent light 
(CFL), and light emitting diodes (LED) bulbs for 
purchase. Sensible option is to buy products 
that are more economical and less impact on 
the environment and the choice should be LED 
bulb.

The decision-making tendency to consi-
der only one aspect was confirmed by pre-ser-
vice physics teachers’ responses to Question 4 
(Figure 2). A total of 56% of participants chose 
the product only on the basis of the electric po-
wer consumption or of the price aspect. Only 
4% of participants chose product with compre-
hensive consideration, which was more bene-
ficially from economical and environmental as-
pects. 

 

Question 3 
The power consumption, lifetime, and price of the ILB, 
CFL, and LED bulb with the 800 lumens light output in the 
table below. 

Type Power  
(watt) 

Life-time 
(hours) 

Price 
(IDR) 

ILB 60 1 000 8.000 
CFL 14 8 000 38.000 
LED 10 25 000 88.000 

If you have Rp 90,000 to buy bulb(s), which bulb(s) will you 
buy? Explain the reasons for your choice? 
 
Question 4 
One day your father asked your help to accompany him to 
buy in cash an air conditioner (AC) to be installed in one 
room in your house with installed power is 2 200 watts. He 
tells you that his budget is a maximum of Rp 3,000,000,00. 
Apparently, in the store there are available products with 
different power prices and power consumption. All products 
are warranted one year for indoor unit and three year 
warranty for outdoor unit (compressor).Product 
specifications as shown in the table below. Your father only 
receive the price up to Rp 3,000,000,00. Apparently, in the 
store there are available products with different prices and 
power consumption. All products are warranted one year 
for indoor unit and three years warranty for outdoor unit 
(compressor). Product specifications are as in the table 
below. 

Brand Power 
(watt) 

Price 
(IDR) 

Compressor 
material 

Dimension 
of indoor 
unit (cm) 

A 795 2.900.000 Fiber 100x30x25 
B 840 2.700.000 Fiber 88x30x23 
C 900 2.600.000 Zinc  87x29x22 
D 925 2.500.000 Zinc  77x24x18 

Which brand of AC product do you recommend to buy? 
Explain your consideration(s). 

Figure 2. Items to assess pre-service physics 
teachers’ energy-related decision making re-
garding effectiveness knowledge.

Pre-service physics teachers’ energy-rela-
ted decision making regarding action-rela-
ted knowledge

When challenged with a situation that re-
quires taking action, pre-service physics teach-
ers did not use action-related knowledge well. 
Question 5 (Figure 3) illustrates the situation 
of someone leaving home (to go to campus) 
using a motorcycle then realizing that he left 
light bulbs still on. The choice to be taken is 
to go back immediately and turn the lights off 
or continue to go to campus. A total of 74% of 
participants are not able to answer the question 
and only 9% were able to answer comprehen-
sively. The majority of the answers were with 
no an appropriate argument and so were iden-
tified as guessed answers, such as, “I will go 
back,” or “I will continue to go to campus.” 

The lack of knowledge utilization to make 
energy-related decision of pre-service physics 
teachers was confirmed from responses of 
Question 6. The situation was when finished 
watching television, what they do to the televi-
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sion. The action could be considered as habitu-
al. The response from participants showed that 
only 21% who stated that they turn the televi-
sion off and disconnect the plug from the elec-
tric terminal. The rest of participants prefer to 
turn the television off but let it in standby mode 
(the power cable remain plug in electric termi-
nal). Even a few of participants stated they let 
the television on. 

Question 5
One day when you ride your motorcycle to go to campus, 
you suddenly remember that you had not turned the bulbs 
off that totaly use 100 W of power consumption. With only 
consider of CO2 emitted, would you go back to turn bulbs 
off or continue to go to campus?
Use the following assumption:
•  If you do not come back now there is an additional 

time the lights will be on for 8 hours until you get home 
from campus.

•  The bulbs have an emission intensity of 0.6 kg CO2/
kWh.

•  If you back home, you will travel a total distance of 
5 km (back and forth) and your motorcycle gasoline 
consumption is 50 km/liter, with an emission factor of 
3.2 kg CO2/liter of gasoline.

Ignore the CO2 emitted by the bulbs during the time you 
need to get home if you decide to go back.

Figure 3. Item to assess pre-service physics 
teachers’ energy-related decision making re-
garding action-related knowledge.

In making decision toward energy, pre-
service physics teachers tend to consider only 
one aspect, especially the economic aspect. 
They tended to use rational perspective (Jo-
nassen, 2012). Indeed, cost factors, or the ra-
tio of personal costs  and ecological benefits 
(Kaiser & Fuhrer, 2003), can be considered in 
making decision. Pre-service physics teachers 
did not showed an integrated or comprehensi-
ve approach (Liu, Gupta, Springer, & Wagener, 
2008 in making decision. The effectiveness 
and action-related knowledge (Kaiser & Fuh-
rer, 2003) should be required to make decisions 
related to energy conservation.

Pre-service physics teachers’ self system 
toward energy conservation

Items related to self-system include self-
efficacy, emotional response, and motivation. 
To examine the efficacy of pre-service physics 
teacher in conserving energy, the question 
asked whether they believe that they can use 
energy efficiently. A total of 54% participants 
believed they could use energy efficiently, whi-
le the rest stated they were not sure. Generally, 
the reason of those who were not sure becau-
se they did not know how to reduce their con-

sumption of energy. 
The proportion of efficacy responses 

was the same as the answers of the question 
of whether they have a motivation to teach stu-
dents to save energy. There were 54% of par-
ticipants expressed their wish and were con-
fident to do so, while the rest expressed their 
wish but were not sure they could. 

Emotional response of pre-service phy-
sics teacher related to energy use were tested 
by asking a question that illustrate a situation 
when at noon someone found in one of the 
empty lecture room the light bulbs are left on. 
The majority of participants (75%) expres-
sed emotions that reflect the attitude of ener-
gy saving. Among the feelings that they were 
annoyed or deplore see a situation where the 
energy is used unwisely (wasteful). A little per-
centage of participants (25%) felt that it was 
prevalent situation so that was nothing wrong. 

The answers of question to examine mo-
tivation were similar proportion to the emotio-
nal responses question. Pre-service physics 
teachers were asked whether it is important or 
not to teach energy conservation to students at 
school. A total of 78% of participants stated that 
energy conservation attitude was an important 
competency to be taught at school.

Self-system determines whether a per-
son will be involved in a program or not (Mar-
zano & Kendall, 2007). The results showed that 
the majority of pre-service physics teachers 
had motivation to engage in energy conserva-
tion, but only half of those who had confidence 
to do so. Although in different topic, Rokhmah, 
Sunarno, & Masykuri’s (2017) finding about 
the lack of disposition in some textbooks they 
used in high school, can be suspected as the 
cause of the low of pre-service physics teach-
ers’ efficacy. Nevertheless, pre-service physics 
teachers expressed emotional responses that 
showed a tendency to conserve energy.

CONCLUSION

Energy conservation principle is often 
confused with the everyday life that associate 
with the energy saving. Unfortunately, the ma-
jority of pre-service physics teachers have not 
had a proper understanding of the concepts. 
At the level of knowledge utilization to make 
energy-related decisions, pre-service phy-
sics teachers also showed low performance. 
Although the majority of pre-service physics 
teachers stated that energy conservation is 
important competency and they showed their 
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motivation to involve in such efforts, but they 
were still lack of efficacy.
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