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Abstract: This study aims to develop an LCDS- based the interactive electronic school book on blackbody
radiation that is valid as self-instructional materials to foster students' critical thinking skills. The method
used was research and development. The stages of the research were determining the existing potentials and
problems, information gathering, product design, product validation, the final revision of the product, and
feasibility tests and practicality of operation. The research instrument used was a questionnaire. Interactive
electronic school book has supporting contents, namely user manual, user learning process, video, animation,
simulations, and interactive tests. Expert test for product consists of content validation with the score of 3,36
(very appropriate) and design validation with the score of 3,45 (very appropriate). Readability of LCDS-
based interactive electronic school book on blackbody radiation got the score of 3, 23 which belongs to the
good quality. The practicality aspects got a score of 3.28 which means it can be operated independently.
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INTRODUCTION

Currently, education in Indonesia has
implemented the new 2013 curriculum that
is expected to improve education in

Indonesia for the better. The 2013
curriculum also implements scientific
approaches in various subjects

(Depdikbud, 2013). So, students are
required to have the ability to think
critically in solving all problems in life.
Critical thinking is convergent thinking,
the process of assessing the validity or
value of an emerging thing and executing
by applying the principles (Alter, 2009).
Critical thinking as a high-level thinking
activity requires a set of cognitive skills
(Baker & Pomeroy, 2001). Critical
thinking skills can help students to learn
and adapt to all forms of change that take
place over time (Ongardwanich,

Kanjanawasee, &  Tuipae, 2015).
Practicing thinker is a stage of critical
thinking development, they have enough
skill in thinking to critique their own plan
for systematic practice, and to construct a
realistic critique of their powers of thought
to solve the contextual problem
(Mutakinati, Anwari, & Yoshisuke, 2018).
To deal with learning in the 21%-century,
everyone must have critical thinking skills,
digital literacy knowledge and skills,
information literacy, media literacy, and
master information and communication
technologies (Jagodzin & Wolski, 2015).
The students' critical thinking ability is
predicted to be improved by using
instructional media that provoke students’
creative and innovative thinking. The use
of Information Technology (IT) as a
learning medium is already a demand.
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Although the design of IT-based media
(Information Technology) requires special
skills, it does not mean that media is
avoided and abandoned. IT-based learning
media can be internet, intranet, mobile
phone, and CD Room / Flash Disk.
Learning media based on interactive
information technology makes learning
more interesting and can visualize or
describe abstract material by using the
animation media in accordance with the
situation in the field. Learning media use
of three-dimensional (3D) virtual can
make users more involved in the
interaction, and gender will not influence
how involved students are toward the
interactivity but experience and spatial
ability would (Yilmaz, Baydas, Karakus,
& Goktas, 2015). Interactive multimedia
used in learning is an excellent medium to
improve the learning process by providing
opportunities for students to develop skills,
identify problems, organize, analyze,
evaluate, and communicate information
(Wiyono K., Liliasari, Setiawan, A.,
Paulus, 2012).

Creating electronic books can be done
using electronic book software. Microsoft
provides LCDS for free that allows
creating high-quality learning content,
interactive and accessible online. LCDS
have a lot of excellent content such as
simulation, video, moving animation, law,
and theory and there are also interactive
quizzes. The cooperative-based learning
set assisted with animation media is proper
and can be used to enhance students’
learning outcome (Mahbub, Kirana, &
Poedjiastoeti, 2016). The profile of
developing multimedia-based audio-video
experiment has an interesting display,
harmonious facilities, systematic and
practical in used as well as become a
solution of the practicum that not mastered
yet (Rante, Sudarto, & lhsan, 2013). It is
therefore recommended that teaching and
Learning with technologies such as
computer simulators. The utilization of
computer simulation in the instruction was

either carried out outside of Nigeria or not
in the area of electrical installation is
recommended (Nwineh & Okwelle, 2018).

Physics is one branch of natural science
that is closely related to everyday life.
However, many students consider physics
subject matter is very difficult because the
physics subject matter not only deals with
something that can be observed but also
something abstract like in the material of
blackbody radiation. As already known,
physics is a science learning category that
requires  experimental  activities to
understand the concepts or principles. In
addition to increasing critical thinking
skill, it also increases students' learning
achievement, because the students
independently learn to get the results of the
experiment which they do to prove a
theory. This process can help students
develop their knowledge because of the
conduct the experiment by themselves
which is later perfected by the teacher's
explanation  (Wartono, Hudha, &
Batlolona, 2018). For that, it is required
tools or media such as electronic books
that can visualize or illustrate the concept
and improve students' critical thinking
skills according to the demands of the 2013
curriculum.

Result of questionnaire of student’ need
to be obtained through electronic book
criterion desired by student, 33, 3%
student wanted it to contain description of
physics material along with video showing
phenomenon, 18, 2% student wanted it to
load simulation of practicum that can be
done independently, 66, 7% student
wanted it to load interactive exercise
questions with feedback for exam
exercises and college entrance preparation,
and 6, 1% of students wanted it to be
operated independently or in groups. This
iS in accordance with the teacher's opinion
in the questionnaire filled by the teacher.

Based on the explanation above, the
development of the LCDS-based
interactive electronic school book on
blackbody radiation as self-instructional
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materials to foster students' critical
thinking skills was indispensable. The
purpose of this research is the development
of a wvalid LCDS-based interactive
electronic school book on blackbody
radiation as self-instructional materials to
foster students' critical thinking skills and
also knowing the feasibility and
practicality of operation of this book.

METHOD

The method used was research and
development  method.  Development
undertaken was the development of an
interactive electronic school book on
black-body radiation material for the
twelfth-grade students. The developed
interactive electronic school books can be
used independently by students or with
teacher guidance.

As a first step to obtain the aspects to be
studied, the distribution of needs analysis
questionnaires was carried out. This needs
analysis was carried out through
questionnaire distribution techniques to
teachers and students. The needs
questionnaire was given to the twelfth-
grade physics teachers and students at
Public Senior High School Sixteen Bandar
Lampung. The results of this questionnaire
analysis were used to find out the expected
product by teachers and students.

Design research in the development
referred to Sugiyono’s opinion (Sugiyono,
2011). Stages used in the study was only
up to stage 6 which is the feasibility test
and practicality of operation because the
conditions in the field were not possible to
be carried out until the dissemination. The
procedure or research stages of product
development are shown in Figure 1.

Stage 1. The Existing Potentials
and Problems Found

U

Stage 2. Information and Data
Collection

U

Stage 3. Product Design
U
Stage 4. Product Validation

4
Stage 5. Final Product Repair

{l

Stage 6. Test Readiness and Ease
of Operation

Figure 1. Electronic school books
interactive production steps

Data analysis was done through the
validation test and readability test and the
practicality of operation. Validity test was
done by using a design test and material
test. Material tests and design tests were
carried out by experts to evaluate the
content or material and design of the
interactive electronic school book on black
body radiation material. The material and
design expert tests were carried out by two
physics education lecturers with a Doctoral
degree, namely Dr. Abdurahman, M.Sc.
and the chief lecturer; Drs. | Dewa Putu
Nyeneng, M.Sc. In addition, the material
and design expert tests were also
conducted by three high school physics
teachers who were certified as educators
namely Levi Prihata, S.Pd., Joko
Purwanto, S.Pd., and Zulimah, S.Pd. the
assessment of design and the material were
done using a questionnaire.

This assessment questionnaire had four
answer choices according to the content of
the statement, namely score 4 "Very
Appropriate"”, score 3"Appropriate”, score
2 "less appropriate” and  score
1"inappropriate”. So that the total
assessment score can be calculated using
the following formula:

Number of scores on the instrument

The highest total score valite
Converting score into value statement
can be seen in Table 1 and Table 2.
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Table 1. Conversion assessment score into a value
statement quality

Average Score Category
3,26 - 4,00 Very Appropriate
2,51-3,25 Appropriate
1,76 - 2,50 Less Appropriate
1,01-1,75 Inappropriate

Feasibility and practicality of operation
tests were performed by the students using
a questionnaire. The product was tested on
seven students of the twelfth-grade
students of Senior High School 16 Bandar
Lampung consisted of three males and four
females. Seven students were given the
same treatment, namely learning using the
developed product. Then the students were
asked to complete the feasibility and
practicality instrument. This assessment
questionnaire had four answer choices
according to the content of the statement,
namely score 4 "Very Good" and “Very
Easy”, score 3" Good " and “Easy”, score
2 "Good Enough" and “Easy Enough”, and
score 1"Not Good "and “Not Easy”.

Table 2. Conversion assessment score into a value
statement quality

Average Score Category Category
3,26 - 4,00 Very Good Very Easy
2,51-3,25 Good Easy
1,76 -250  Good Enough Easy Enough
1,01-175 Not Good Not Easy

RESULTS AND DISCUSSION

The result of this research development
is an interactive electronic school book
based on LCDS on black-body radiation as
self-instructional materials to foster
students' critical thinking skills. The Basic
Competency used is applying quantum
concepts in  explaining  blackbody
radiation, photoelectric effects, and
scattering of physics material in high
school on the twelfth-grade students."

In detail, the results of each stage of the
development procedure were carried out as
follows.

The Existing Potentials and Problems
Found

Potentials based on a need’s analysis
conducted and observations showed that in
schools there are facilities such as LCD
and computers that can be used and the
students' ability to operate the computer.
The problems found showed that many
students did not really understand the
concept in learning physics because of the
lack of media to support the learning.
Based on the result of questionnaire
analysis the students' needs are listed in
Table 3.

Table 3. Results of the analysis of the needs of

students

Percentage Criteria
45,5% Student” Worksheet
48,5% Virtual laboratory
75,8% Experiments directly
33,3% Video
39,4% Printed books
24,2% Interactive electronic

book

Based on the potentials and problems
found in the field in the needs analysis, the
researcher felt the need to develop an
interactive electronic school book that
contains  material,  image, video,
animation, simulation, discussion
questions, and interactive tests.

Collection of Information

Information obtained from the literature
read directly from books, journals, articles,
and accessed via the Internet. In addition,
the distribution of the questionnaire of
needs analysis and material component
questionnaire were also carried out. The
questionnaire was given to several
lecturers to gather material information
needed in product development.

Based on the results of information
gathering, the components that need to be
developed in the interactive electronic
school book on blackbody radiation
materials, among others:
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1) Learning materials were developed,
namely the Law of Stefan-Boltzmann
Law, Shifting Wien, Rayleigh-Jeans
Law, and the hypothesis of quantum
Planck to emphasize the transition
material the failure of classical physics
in discussing the microscopic material
towards the study of modern physics
and displays a graph of the Stefan-
Boltzmann law, Wien shift law, and the
Rayleigh-Jeans Law.

2) Animations that need to exist in the
interactive electronic school book on
black-body radiation material is
radiation that enters the enclosed space
cannot get out again and discoloration
on the metal at a given heat
continuously. While the simulation
needs to exist in the interactive
electronic school book on blackbody
radiation material is to determine the
wavelength and intensity of radiation is
affected by the surface temperature.

3) The examples, assignments and
interactive tests for each sub-material
displayed.

Product Design

The interactive electronic school book
was developed using the LCDS 2.8
program, Microsoft power point 2010,
Macromedia Flash 8, and ispring quiz
maker. The design of interactive electronic
school book development in this research
was as follows; (1) Covers containing
material titles, Dblackbody radiation
illustrations, developer names, authors'

names, and levels of schools; (2)
Instructions  containing instructional
manual and instructions for using

interactive electronic school book; (3)
Basic competence; (4) Indicators; (5)
Learning Objectives; (6) Materials
containing images, phenomena,
animations, simulations, initial questions,
and material presentation and examples of
questions; (7) Interactive Test; (8)
Reference list; (9) Glossary.

" RADIASI BENDA HITAM

Figure 2. Interactive Electronic School Book
Display

Product Validation

After the initial product was finished,
the next step was to test the validity by a
team of experts consisting of material
experts and design experts. Material
experts examined whether the content
component of the interactive electronic
school book was in accordance with the
value of the quality set by the Center for
Curriculum and Books. While the design
experts assess suitability indicators such as
component design on the cover, suitability
of the content design component of the
book and the overall packaging of the book
design.

The results of material validation and
design assessment can be seen in table 4
and table 5.



188 Jurnal llmiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 183-193

Table 4. Results of expert validation toward the
product’s material

No. Aspect Score Category
1.  The aspect of 3.35 Very
2. Conformity 3.28  Appropriate
3. Learning 3.3 Very
4.  Material 35 Appropriate
Accuracy Very
Up-to-date Appropriate
Compliance Very
Material with Appropriate
Scientific
Approach

Table 5. Results of expert validation toward the
product’s design

No Aspect Score Category

Layout design 3,2 Match

. Typography 3,4  Very Appropriate

3. lllustrations 3,45  Very Appropriate
Conformity
interactive.

4. electronic school 3,6 Very Appropriate
book for
independent study

Based on Table 4 and Table 5 it can be
seen that the feasibility of the components
of the material in interactive electronic
school book has met the criteria as a
medium that can help teachers and
students in learning black-body radiation
material with reference to scientific
approach, and feasibility of design within

Table 6. The test results

the interactive electronic school book has
met the criteria as a medium that can help
teachers and students in the learning
process.

Products Improvement

Based on the results of expert material
and design validation, suggestions were
obtained. The next step was to make
improvements to the product. The
suggestions for improvements were that; it
should have a good level of indicators,
using operational verbs with the basic

concept of online learning, learning
objectives must be clear, presenting
examples of video of radiation

phenomena, and present examples of real-
life radiation in the field of technology.
Suggested improvements for the design; it
should use a harmonic background color
and availability of user instruction manual.

Feasibility and Practicality

The product was tested on seven
students of twelfth grade consisting of
three males and four females. This test
aims to see the feasibility and practicality
of operation of the product.

The results of the feasibility and
practicality of operation can be seen in
table 6.

No. Statement Score Tester

1. The use of language in the interactive electronic book is easy to understand 3.28
independently

2. Use of language in the electronic book is communicative and interactive 3.28

3. Use of language in the electronic book is interactive and not causing double 3.28
meanings

4. Interactive electronic books are using good sentence structure, so it is easy to 3.28
understand

5. Use of language in the interactive electronic book is appropriate 3.14

6. Language use can encourage critical thinking 3.14

7.  Directive/ command/guide is easy for students to understand 3.14

8. Question is able to facilitate students' understanding of interactive electronic 3.28
books

9.  Chronology of presentation is able to make the interactive electronic book easily 3.28
understood

10. Coverage content (images, animations, simulations) is able to make the 3.42

interactive electronic book easy to learn
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Based on the results of feasibility and
practicality of operation tested on the 7
students, it can be seen that overall
interactive electronic school book is good
in terms of feasibility and practicality of
operation so that it can be used as self-

instructional materials that can explain the
concept of blackbody radiation.

As for the final design of an interactive
electronic school book on black-body
radiation material, can be seen in figure 2

) learning
Indicator

User manuals and user

Examples of Radiation
Phenomena

Learning objectives

Basic Competence
3.9

Interactive Test

Examples of
Stefan-
Boltzmann Law
Problems, Wien

The simulation consists
of a simulation of more
absorbing, Black Light
Radiation, Black
Material Radiation,
Color Changes on

Interactive

shifting Law, Electronic School 5. What is the Weakness of
Rayleigh-Jeans Book on Wien Shifting Law?
Igf;r\:’ckAnd Blackbody

Radiation

Material Material consisting of

1. Fireside

2. Drying Clothes

3. Using Dark Clothes
During the Day

Initial Questions Based on
electronic school book
observations of examples of
Phenomena, Animations, and
Simulations.

1. Definition of Radiation?

| 2. What are the characteristics
of black objects?

3. Explain the Radiation
Process on Black Things!

4. How does the relationship
between the Wavelength and
Temperature?

Radiation Definition,
Definition of Black Radiation,
Stefan-Boltzmann's Law, Wien
Shifting Law, Rayleigh-Jeans
Law, and Quantum Planck
Hvpothesis

Examples of Black

Heating Box (Wien
Shift), and Wien

Shifting Graph radiation

Video example of

phenomenon is when
we are near the fire

Radiation Technology in
Real Life

The animation consists of
Sun Radiation animation to
Earth and Waves Stuck on
Black Boxes

Figure 3. Interactive electronic school book structure of blackbody radiation

Discussion about the development of
LCDS-based interactive electronic school
book on blackbody radiation material is
the  appropriateness of interactive

electronic school book design as self-
instructional material and foster critical
thinking skills as well as product
development shortcomings.



190 Jurnal llmiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 183-193

The appropriateness of interactive
electronic school book design as self-
instructional material to foster critical
thinking skills

Interactive electronic school book on
blackbody radiation can be used as self-
instructional materials by students. There
are instructions for usage and instructions
on studying using the electronic school
book. The existence of instruction manuals
and study instructions make it easier for
students to the book as self-instructional
materials. The instruction manuals contain
how to use and operate an interactive
electronic school book, while the study
instructions contain a way to learn.
Moreover, to any existing menu in an
interactive electronic school book on
blackbody radiation material, there are
also directives and guidance measures that
facilitate student learning.

Interactive electronic school book on
blackbody radiation material can also be
used to foster critical thinking skills. The
use of interactive multimedia is more
efficient in learning than the conventional
media (Gerven, Paas, Van, Hendriks, &
Schmidt, 2003). There is some content on
the interactive electronic school book on
blackbody radiation material that can
improve critical thinking skills, among
other the phenomenon example of pictures
and video, the original question,
animation, simulation, and exposure of the
material and interactive tests. The use of
multimedia in the electronic school book
can improve critical thinking skKills.
Students tended to view the integrating
Interactive Whiteboard (IWB) learning
environment as  providing  more
opportunities for them to think and to
perform inquiry learning, and that the
digital teaching materials presented using
IWB were not only interesting and simple
to operate, but also more challenging and
stimulating (Yang, Wang, & Chiu, 2015).
Interactive multimedia Android-System
game can improve critical thinking skills
on the effective category which is proven

through the observations
Lindawati, & Kusuma, 2017).
The example content of blackbody
radiation phenomena in the form of
pictures and video will help students to
identify and characterize a phenomenon of
blackbody radiation so that students are
able to hypothesize a definition. This is
appropriate with the critical thinking
indicators defining the term and considers
a definition. Students who are using e-
learning contained interactive video gain
better learning outcomes significantly and
gain confidence level higher than students
who used the conventional media (Zhang,
Zhou, Briggs, & Nunamaker, 2006).
Furthermore, there are  several
animation and simulation in an interactive
electronic school book to foster critical
thinking skills. The animations and
simulations will help the students to
process and analyze an event so that they
are able to identify and analyze the
arguments. This is appropriate with the
critical thinking indicators defining the
term and consider a definition and identify
assumptions. The existence of a significant
impact of online learning for transferring
knowledge-based animation and student
motivation (Rosen, 2009). The simulation
is an efficient and effective way to learn
complex and dynamic concepts. The
efficiency gained by reducing the time
required to achieve the objectives in
learning and effectiveness gained by
achieving better results in the task being
studied (Parush, Hamm, & Shtub, 2002).
After the animation and simulation
displayed on interactive electronic school
book, then there is the initial question that
refers to the answers based on the
observations on animation or simulation.
The initial inquiry will help the students in
arguing or answering questions based on
their prior knowledge. By giving a
problem, students become more creative in
thinking, and they can be challenged so
that it can grow great curiosity to solve
problems (questions) encountered in the

(Wardani,
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learning process. A statistically significant
relationship was found between the critical
thinking dispositions and the problem-
solving skills of students (Ozyurt, 2015).
Physics students’ learning outcome
increases due to the problems that students
are required to actively think (Hartini,
Kusdiwelirawan, & Fitriana, 2014). The
application of the Problem-Based
Learning model is able to increase critical
thinking skills and creative action of the
students  (Nuswowati,  Susilaningsih,
Ramlawati, & Kadarwati, 2017).

Furthermore, there is a brief exposure to
the material in several sub-materials after
initial questions. With the exposure of the
material that contains the answer to the
initial question, will assist the students in
comparing the answer with the exposure of
the material and the results of the
electronic school book observations made.
This is in accordance with indicators of
critical thinking which is to consider and
analyze the results of the induction
argument.

There is also an interactive test at the
end of the exposure of the material; the
interactive tests will help students to foster
their critical thinking skills. In addition,
the evaluation tool simplifies the
interchange of information on physics
among teachers and lecturers (Morera,
Arauzo-azofra, &  Garcia-hernandez,
2012). The program interactive quiz can be
used to train the ability to discover
physical phenomena presented in a matter
that contains illustrations of physical
phenomena such as interactive animations,
interactive video and interactive graphics
as well as feedback responses of the
students and the improvement of learning
outcomes (understanding) regarding the
exploration of physical phenomena after
the use of interactive quizzes.

Advantages and Disadvantages of the
Developed Product

Interactive electronic school book
based on LCDS has some advantages and

disadvantages. The advantages namely
blackbody radiation material classified as
an abstract material can be visualized
through illustrations, animations,
simulations, video learning, and can be
operated offline on your laptop or
computer. So it becomes a book that is
attractive and desirable by the user and
easy to use. While the weaknesses are it is
not possible to add an equation because
there is no Microsoft Equation. So to
overcome the shortcomings the equation or
text must be changed into jpg format or
another supporting format, the use of other
applications such as PowerPoint, learning
videos cannot be played before first
installing Microsoft Silverlight, and to
open the Interactive electronic school book
should be using the Mozilla support.

CONCLUSIONS AND SUGGESTIONS

Based on the results of research and
discussion, it can be concluded that the
developed product is wvalid as self-
instructional materials to foster critical
thinking skills that contain material in the
form of text, 1images, animations,
simulations, and interactive tests. The score
test about the subject matter from the subject
material expert is 3.36 (very appropriate),
and from the design, the expert is 3.45 (very
appropriate). Moreover, the feasibility
gained a mean score of 3.23. The practicality
of operation gained a mean score of 3.28 so
that it can be operated independently.

This research has limitations. Namely,
this product has not been tested in the field
to look for the effectiveness of this
interactive electronic school book. For
further development, it is advisable to do a
test on the actual student. This testing can be
done by comparing the results of learning
and critical thinking skills class that uses the
interactive electronic school book with the
class using the printed book. Besides that,
the composition of the image, animation,
simulation, and selection of diction in the
prologue is expected to be packaged more
interestingly so that it can motivate students
more in using this book.
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Abstract: Inquiry-discovery learning plays an important role in improving high-order thinking skills
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when compared to conventional classes. The novelty of this study is that inquiry-discovery learning models
are more likely to reconstruct students' scientific knowledge of physics on aspects of HOTS and SL with

real-world life.
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INTRODUCTION

One component that must be developed
in learning today is high-order thinking
skills (Madhuri, Kantamreddi, & Prakash
Goteti, 2012; Polly, Ausband, Polly, &
Ausband, 2014). The HOTS concept
originated from Bloom's taxonomy of
cognitive domains introduced in 1956
(Forehand, 2011). The cognitive domain
involves knowledge and development of
intellectual skills (Bloom, 1956). This
includes withdrawal or recognition of
specific facts, procedural patterns, and
concepts that function to develop
intellectual abilities and skills. There are
six main categories of cognitive processes,
starting from the simplest to the most
complex. Bloom categorizes intellectual
behavior into six levels of thought:
knowledge, understanding, application,

analysis, synthesis, and evaluation (Clark,
2010; Yahya, Toukal, & Osman, 2012).
HOTS is a thought process that involves
mental activities in an effort to explore
complex,  reflective and  creative
experiences that are carried out
consciously to achieve learning goals,
namely gaining knowledge that includes
the level of analytical thinking, synthesis,
evaluative and producing many productive
solutions (Miri, David, & Uri, 2007).
HOTS consists of analysis, evaluation,
synthesis, developing skills in problem
solving, concluding, estimating,
predicting, generalizing and creative
thinking (Wilks, 1995), while other aspects
are asking questions, decision making,
critical and systematic thinking (Dillon &
Scott, 2002; Zohar, 2004; Zoller, Dori, &
Lubezky, 2002). HOTS can be seen from
the achievements reached by each student,
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including the results of the state and
private junior high school national exams
in Indonesia. In 2016, the average scores
of 890 schools were 65.05. In 2017, the
average scores of 8,882 schools that used
Computer-Based National Examination
were 55.51 while the average scores of
17,760 schools are 52,96 in 2018
(Kemdikbud, 2018). This fact proves that
Indonesian  student achievement has
declined. Thus, the teacher as the main
trainer of learning is required to be able to
facilitate students in thinking in each
learning process (W. Wartono, Diantoro,
& Bartlolona, 2018; Wartono Wartono,
Hudha, & Batlolona, 2018). One aspect
that facilitates students to think high is
experiment-based learning that is shown in
Figure 1.

*Ability to capture
“To develop information
motivation and *Planning
inquiry
context Pre-lab
Post Lab
lab session

*Measurable outcomes
of HOTS

Figure 1. Experimental workflow with HOTS
(Madhuri et al., 2012)

In addition to the abilities that must be
possessed by each student, another aspect
that can be empowered is scientific
literacy. SL is defined as the ability to use
scientific knowledge, identify questions,
draw conclusions based on available
evidence, and understand and make
decisions regarding nature and changes
made to nature through human activities
(Firman, 2007; PISA 2006 Programme for
International Student Assessment, 2006).
SL ability is defined as a person's ability to
distinguish scientific facts from various
information, recognize and analyze the use
of scientific inquiry methods and the
ability to organize, analyze, and interpret

quantitative data and scientific information
(Gormally, Brickman, & Lut, 2012). SL
can also be defined as the basic knowledge
and skills needed by an individual to
participate in the scientific process
(Turgut, 2007). The concepts of
mathematical literacy, computer literacy,
biological literacy, chemical literacy,
communication literacy and statistical
literacy that all appear after the definition
of scientific literacy (Cepni, S., Ayvaci, H.
S., & Bacanak, 2004).

The 2000 and 2003 PISA results divide
the SL aspects into three important
domains, among others, science content,
science processes, and science application
contexts (OECD, 2001, OECD, 2004a)
while the 2006 and 2009 PISA developed
SL into four major domains including
science content, scientific
competence/process, science applications,
and attitudes. Domain attitudes in PISA
2006 and 2009, more supportive of
scientific inquiry, confidence, interest in
science and a sense of responsibility for
resources and the environment (OECD,
2006). In PISA 2009 the definition of SL
was the same as in PISA 2006, and divided
SL into four domains as in PISA 2006,
except that the difference is attitude
domains were not included in the test items
in PISA 2009 (OECD, 2010); while PISA
2015 emphasizes science, reading and
mathematical skills (OECD, 2014).

SL is important to be mastered by
students in relation to the way students can
understand the environment, health,
economy, politics and other problems
faced by a modern society that is highly
dependent on ICT, as well as the
development of science (Yuenyong,
2013). One of the efforts to increase SL in
physics learning is by fostering
understanding of concepts. Increasing
HOTS and SL in each student depends on
their initial abilities (Fives, Huebner,
Birnbaum, & Nicolich, 2014; W. Wartono
etal., 2018).
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Initial ability is a prerequisite that
students must have before entering the
next higher learning. A student who has the
good initial ability will more quickly
understand the learning material so that it
has an effect on learning outcomes. In
contrast to students who have initially
weak knowledge will adversely affect their
learning outcomes (Piten, Rakkapao, &
Prasitpong, 2017). Therefore, students
must have the initial ability before starting
learning so that they can participate in
learning activities well.

It must be noted that the initial ability
will affect a student in receiving new
knowledge. Therefore, if the initial
knowledge of students is low it will affect
the next learning (Jonassen, 1991) so that
it will affect their ability to think high-level
and scientific literacy. Therefore, in the
learning process, teachers should choose
models that can grow HOTS and SL
students and in accordance with the
objectives to be achieved in learning
activities. The learning model that is used
must be able to involve students and find
their own constructive new concepts. One
learning model that involves and trains
students to learn to find is inquiry-
discovery learning.

Inquiry-discovery learning is a
combination of two learning models
namely the inquiry model and discovery
model. An inquiry is an extension of the
discovery process that is used more deeper
meaning that the inquiry process contains
higher-level mental processes to obtain
and obtain information by conducting
observations or experiments (Sund, R. B.,
& Trowbridge, 1973). An inquiry is more
directed to the process of investigation,
excavation, finding the latest things, and
reviewing objects that must be studied
(Meijerman, Storm, Moret, & Kaoster,
2013), while discovery prioritizes
reflection, thinking, experimenting, and
exploring (Bruner, 1961). Discovery is a
learning model that finds concepts through
a series of data or information obtained

through observation or experiment and
provides opportunities for students to find
themselves without the help of teachers
(Saab, Van Joolingen, & Van Hout-
Wolters, 2005). Learning with discovery
can encourage students to learn through
active involvement or experience by
experimenting to discover their own
concepts and principles (In’am, Akhsanul;
Hajar, 2017).

Inquiry-discovery learning is learning
that allows students to use all their
potentials both cognitive, effective, and
psychomotor, especially mental processes
to discover their own concepts or
principles of physics and can train other
mental processes that characterize a
scientist (Klahr & Nigam, 2004). By
inquiry-discovery learning, the discovery
of knowledge by means of observation,
experimentation, and problem-solving can
be achieved, the knowledge gained by
students will be more meaningful because,
in this learning, students themselves are
looking for and discovering their
knowledge (Tompo, Ahmad, & Muris,
2016).

The use of inquiry-discovery learning
IS very relevant to the steps of the scientific
method, and learning theories such as
Piaget's cognitive theory, conditioning and
constructive  (Richardson & Renner,
1970).

Investigation and  discovery  of
concepts need to be trained in students in
learning activities so that students are
accustomed to independent learning and
able to understand the material being
studied. Physics material at junior high and
high school level is still considered
difficult by students (Batlolona, J. R. &
Haumahu., 2016). One of the physics
materials at junior high school is the
pressure and its application in everyday
life. The pressure material on liquid and its
application in daily life is abstract material,
so students find it difficult to understand
the concepts being taught (Loverude,
Kautz, & Heron, 2003; Susman & Pavlin,
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n.d.). Learning in this material is very
necessary to be visualized so that students
can see clearly about the phenomenon that
exists. Visualization of the phenomenon
can make students really understand the
concept asawhole (Taale, 2011). Based on
the problems described above, the aim of
this research is to promote Inquiry-
discovery learning models in empowering
higher-order thinking skills and scientific
literacy in physics with different classes

METHOD
Research Background

This study used a type of Quasi-
Experimental Design research and Pretest-
Posttest Control Group Design. The
research analysis design matrix used two-
way ANOVA.

Population and Research Sample

The population in this study were all
eighth-grade students of public junior high
school 10 in Malang city. This study used
two classes as samples, namely VIII C
class as the experimental class and VIII B
as the control class, where the sampling
technique used is cluster random sampling.
The sample selection was determined by
looking at the students' initial abilities as
seen from the results of the formative tests.

The measurement instrument to
measure HOTS and SL in this study used a
description test form, which was arranged
based on indicators in these variables,
while the initial ability was taken from the
previous formative test scores. Before the
instrument was used, it was tested to meet
the requirements of validity and reliability
with a value of 0.7 and 0.8.

The data in this study were collected
through the test and non-test instruments,
which means both quantitative and
qualitative.  Quantitative data  were
collected through written tests namely
pretest and posttest. Qualitative data were
collected through interviews of the initial
and final test results. The learning process

uses inquiry-discovery
developed.

The results of HOTS and SL were then
tested to find out the improvement
achieved by students in that ability. The
Improvement of high-order thinking skills
and scientific literacy can be known by
performing the N-Gain test.

learning

Data analysis

The analysis technique used in this
study is quantitative and qualitative data
analysis techniques. Qualitative data
analysis techniques are by conducting
interviews. The two types of quantitative
data analysis techniques wused are
prerequisite tests and hypothesis testing
using SPSS 16.0 for Windows. The two
types of prerequisite tests are the normality
test and homogeneity test. The normality
test uses a One-Sample Kolmogorov-
Smirnov Test and homogeneity test using
the Test of Homogeneity of Variances,
while the hypothesis test uses a two-way
ANOVA test (Two-Way ANOVA).
Criteria for testing hypotheses (a = 0.05),
namely if sig > 0.05 then Ho = accepted,
Hi = rejected and if sig <0.05 then Ho =
rejected, Hy = accepted.

RESULTS AND DISCUSSION

Student Initial Capacity Value Data
Description of students' initial ability

data for the experimental class and control

class is presented in Table 1.

Table 1. Initial Students' Ability

Learnin Number of Average
g Samples g
Inquiry-discovery 34 67,40
Conventional 34 67,43

Based on Table 1, it can be seen, that
the average value of the initial ability of the
experimental class students is 67.40, while
the control class has an average value of
67.43. Based on these results, the
difference in the average value of the
initial ability of students between the
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experimental class and the control class is
0.03. Table 1 shows the data of students'
initial  ability scores between the
experimental class and the control class is
evenly distributed. Furthermore, the
description of HOTS data and student SL
is shown in Tables 2 and 3.

Table 2. Student HOTS Value Data

Class Type of The number Average
Test of students

48,63

Experiment  Pretest 34 78,97
44,71

Control Posttest 34 71,97

Table 3. Student SL Value Data

Class Type of The number Average
Test of students

54,53

Experiment  Pretest 34 81,65
52,50

Control Posttest 73,32

Test for N-Gain HOTS and SL

Based on the results of the HOTS N-
Gain test, it shows an increase in both
students who learn with inquiry-discovery
and conventional learning. Firstly, the
results of the HOTS N-Gain average test in
the experimental class were 30, the
standard deviation was 2.63, while in the
control class the N-Gain mean test results
were 27, and the standard deviation was
2.50. These results indicate students who
learn with inquiry-discovery learning are
higher than students who learn with
conventional learning from both the mean
and standard deviation. Secondly, the
result of the N-Gain SL test in the
experimental class is 27, the standard
deviation is 2.62, while in the control class
the N-Gain average test results are 21, and
the standard deviation is 2.28. These
results indicate students who learn with
inquiry-discovery learning are higher than
students who learn with conventional
learning both viewed from the average and
standard deviation.

Normality Test Results for HOTS and SL

The results of the normality test based
on the One-Sample Kolmogorov-Smirnov
Test statistic showed that the results of
pretest SL students in the experimental
class using inquiry-discovery learning had
Sig> a (0.574> 0.05), and the posttest had
Sig> a (0.454> 0.05). In the same way, the
results of the pretest of high-order thinking
skills of students in the control class using
conventional learning have Sig> a (0.726>
0.05) and the posttest has Sig> a (0.318>
0.05). Therefore, it can be concluded that
the value of students’ high-order thinking
skills is normally distributed. The results
of the normality test of scientific literacy
values based on the One-Sample
Kolmogorov-Smirnov ~ Test  statistic
showed that the results of pretest scientific
literacy using inquiry-discovery learning
had Sig> a (0.653> 0.05), and the posttest
had Sig> a (0.827> 0.05). Similarly, the
results of the pretest of scientific literacy
using conventional learning have Sig> a
(0.496> 0.05) and posttest has Sig> o
(0.536> 0.05). Therefore, it can be
concluded that the value of scientific
literacy based on learning that is used is
normally distributed.

Homogeneity Test Results for HOTS
and SL values

The result of homogeneity test using
the Test of Homogeneity of Variances
shows that the results of the homogeneity
test of high-order thinking skills using
inquiry-discovery learning have Sig> a
(0.525> 0.05) and the results of the
homogeneity test of high-order thinking
skills using conventional learning have
Sig> o (0.739> 0.05). Therefore, it can be
concluded that the value of high-order
thinking skills comes from a homogeneous
group. Similarly, the results of the
homogeneity test using the Test of
Homogeneity of VVariances showed that the
results of the scientific literacy
homogeneity test using inquiry-discovery
learning had Sig> o (0.387> 0.05) and the



144 Jurnal lImiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 139-151

results of the test of scientific literacy
homogeneity using conventional learning
had Sig>a (0.723> 0, 05). Therefore, it can
be concluded that the value of scientific
literacy comes from a homogeneous

group.

HYPOTHESIS TESTING
Hypothesis 1 Test Results

Based on the results of ANOVA
analysis of two lanes of high-order
thinking skills shows that Sig> a (0,000
<0,05), then Ho is rejected and Hi is
accepted so that it can be concluded that
students' high-order thinking skills taught
with inquiry-discovery learning are higher
than  students who taught with
conventional learning.

Hypothesis 2 Test Results

Based on the results of the two-way
ANOVA analysis of the interaction
between  inquiry-discovery  learning
towards high-order thinking skills in terms
of the students' initial ability shows that
Sig> a (0.737 <0.05). Therefore, it can be
concluded that Ho is accepted and Hy is
rejected, this indicates that it is not there is
an interaction between inquiry-discovery
learning and higher-order thinking skills in
terms of initial abilities.

Hypothesis 3 Test Results

Based on the results of two-way
ANOVA analysis with Tukey's further
test, high-order thinking skills of students
with  inquiry-discovery learning and
conventional based on high initial ability
shows that Sig <a (0.012 <0.05).
Therefore, it can be concluded that the
students’ higher order thinking skills with
initial abilities height taught by inquiry-
discovery learning is higher than students
taught with conventional learning.
Hypothesis 4 Test Results

Based on the results of one-way
ANOVA analysis with Tukey's advanced
test students' high-order thinking skills
with inquiry-discovery learning and

conventional based on low initial ability
shows that Sig <a (0.003 <0.05). Ho is
rejected, and Hj is accepted so that it can
be concluded that the students’ high-order
thinking skills with low initial abilities
who are taught with inquiry-discovery
learning are higher than students taught
with conventional learning.

Hypothesis 5 Test Results

Based on the results of ANOVA
analysis of two scientific literacy pathways
shows that Sig> a (0,000 <0,05), then Ho
is rejected and Hy is accepted so it can be
concluded that students' scientific literacy
taught by inquiry discovery is higher than
students taught with conventional learning.

Hypothesis 6 Test Results

Based on the results of the Two-Way
ANOVA analysis, interaction between
inquiry-discovery learning to scientific
literacy in terms of the students' initial
abilities showed that Sig <a (0.002 <0.05).
Therefore, it can be concluded that Ho is
rejected and Hj is accepted, this indicates
that there is an interaction between
inquiry-discovery learning of scientific
literacy in terms of initial abilities.

Hypothesis 7 Test Results

Based on the results of one-way
ANOVA analysis with Tukey's posthoc
test, students’ ‘'scientific literacy with
inquiry-discovery learning and
conventional based on high initial ability
shows that Sig <a (0,000 <0,05), Ho is
rejected and H: is accepted. Therefore, it
can be concluded that students' scientific
literacy with high initial abilities taught
with inquiry-discovery learning is higher
than students taught with conventional
learning.

Hypothesis 8 Test Results

Based on the results of one-way
ANOVA analysis with Tukey’s posthoc
test, students’ ‘scientific literacy with
inquiry-discovery learning and
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conventional based on low initial ability
shows that Sig <a (0,000 <0,05), Ho is
rejected and Hs is accepted. Therefore, it
can be concluded that students' scientific
literacy with low initial ability taught by
inquiry discovery is higher than students
taught with conventional learning.

Based on the results of statistical test
data analysis, it shows that students who
are taught with inquiry-discovery learning
reached higher achievement than students
taught with conventional learning do. This
is evidenced by the results of the analysis
that is Sig <a and is supported by mean
values and N-Gain higher-order thinking
skills taught using inquiry-discovery
learning is higher than the value of higher-
order thinking skills taught using
conventional learning. This is because
inquiry-discovery learning models are
more likely to facilitate students in high-
order thinking. This can be seen clearly in
the 6 stages of inquiry-discovery shown in
Table 4 when compared to conventional
learning which relies more on teachers as a
source of knowledge information.

Inquiry-discovery  learning  gives
students’ direct experience, strengthens
memory, and adds confidence in a concept
with the process of finding itself. This is
based on the results of interviews with
some students who use inquiry-discovery
learning. They stated that they experience
an increase in the value of higher-order
thinking because they do the practicum in
the learning process and the learning video
that enhances their memory of application
of material or concept that the teacher who
only told the application of the material. In
addition, the practicum encouraged the
development of student HOTS (Costa,
1985). The results of other studies stated
that students who were taught with
inquiry-discovery learning reached higher
achievement than students taught with
conventional learning (Wartono Wartono
etal., 2018).

The results of the study also prove that
there is no interaction between learning

used and the students' initial ability to
HOTS. Inquiry-discovery learning with
initial abilities and conventional learning
with initial ability does not influence each
other on HOTS in matter pressure. This is
in accordance with the reality on the
ground when conducting research, in
which students who have a high initial
ability are very enthusiastic during the
learning process. Students with high initial
ability have more curiosity compared to
other students. Furthermore, some students
with low initial ability state that they do not
like science lessons and some say they do
not like science lessons, especially
physics.

The results of the statistical test data
analysis show that HOTS students with
high initial ability who are taught with
inquiry-discovery learning are higher than
students taught with conventional learning.
Based on the results of interviews with
several students with high initial abilities
who used inquiry-discovery learning, they
got good grades because they had carried
out the practicum on the material being
tested and watched the video of material
application and had done a lot of exercises
during the learning process.

The results of statistical test data
analysis also showed that HOTS students
with low initial ability who were taught
with inquiry discovery were higher than
students taught with conventional learning.
Based on the results of interviews with
some students with low initial abilities
who used inquiry-discovery learning, they
got better grades from the pre-test because
they had carried out the practicum and
watched the video of material application
and the exercises were sufficient, even
though they still have not achieved
minimal mastery in the posttest scores. The
results of interviews with low initial ability
students also said that they did not like
science lessons.

Thus, HOTS with high discovery-
inquiry learning groups will achieve the
highest achievement and low groups will
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achieve lower achievement than high
initial ability students will. Based on the
results of his research also shows that
students with high and low initial abilities
have an increase (Madhuri et al., 2012).
The results of the study prove that
inquiry-discovery learning and
conventional learning affect scientific
literacy. This is supported by the results of
research showing that SL students who are
taught with inquiry discovery are higher
than students taught with conventional
learning. The results of this study in

accordance with the research (Fatmawati,
IIN & Utari, 2015) show that the
application of levels of inquiry can
improve the scientific literacy of junior
high school students.

The success of inquiry-discovery
learning is due to being able to train
students to find concepts and facts about
scientific phenomena with the potential of
students so that they are able to understand
the concepts learned through direct
experience (Belton, 2016) and can
improve students’ learning outcomes.

Table 4. Inquiry-discovery learning stages Eggen & Kauchak (1996)

Phase

Teacher Activities

Students Activities

Presenting questions or
problems

Provide a stimulus in the form
of a problem in students
Guiding students to identify
problems

Divide students into groups

e Read or listen to
descriptions that
contain problems

e Identify problems

e  Sit with members
of the group

Make a hypothesis

Provide opportunities for
students to brainstorm in
making hypotheses

Guiding students in
determining hypotheses that are
relevant to the problem and
prioritizing which hypotheses
are the priority of the
investigation.

e Make hypotheses
as temporary
answers to
problems that have
been formulated by
themselves

Design an experiment

Provide opportunities for
students to determine the steps
that are in accordance with the
hypothesis that will be done.
Guiding students to sort out
problem-solving steps.

e Discussin
determining and
sorting the steps in
the experiment

Conduct an experiment to
obtain information

Guiding students to get other
information through
experiments

Guiding students in carrying
out experiments

e Discuss in finding
new information or
knowledge through
experiments

Collect and analyze data

Guiding students in collecting
and processing data from
experimental results

Provide opportunities for each
group to convey the results of
the data collected

Give reinforcement and direct
students to check/examine
hypotheses made by students at
the beginning of the activity
whether the hypothesis is
proven or not

e Collect and process
data from
experimental
results

e  Present the results
of the discussion
activities in front of
the class

e Record the
strengths explained
by the teacher
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The results of the study also prove that
there is an interaction between learning
used and the students' initial ability to
scientific  literacy.  Inquiry-discovery
learning with initial abilities and
conventional learning with initial abilities
will interact with scientific literacy in
substance pressure material.

Learning is an external thing that can
affect the ability of students SL. In addition

Table 5. Students’ Answers to HOTS and SL Aspects

147

to external factors, the internal is also very
influential with everything that is in the
students that support learning such as
intelligence, talent, five sensory motor
skills, and thinking schemes. Students’
intelligence such as students' initial ability
to physics is certainly influential because
there has been a study before the
experiment was conducted (Risgiana, N.,
Hidayat, A., Soepriyono, 2015).

Questions Student’s Answer Aspect
When you want to do a practicum to prove HOTS
the sinking, floating and partially immersing | Tebor 4oy Bpmactan t ddlam gilos yomy
events, you will definitely choose simple | buris Lawtan gacar pfan %u{mg akaw
tools and materials by inserting eggs into a M“j""‘ﬁ»

glass of water. When you put an egg into a
glass of water, the glass will sink (like in the
picture) because the density of water is
smaller than the density of the egg. If you put
an egg into a glass containing a salt solution,

gdaln L n95§ of\)(u(x M wbvsfur Magse T

wr.

Lm\(Ph Mo Tials Alr -

Somakirn Emalr@av‘rw, MaRe Som alon

how is the egg's position/presence in the
glass? Explain?

Aldo is doing a practicum about Archimedes'
law. The practicum was carried out to prove
the sinking, floating and partially immersing
event. He observed this by inserting eggs into
water containing a salt solution. Tools and
ingredients that must be prepared are glass (3
pieces), eggs (3 grains), spoons, and salt. The
steps he did were the three glasses filled with
a little water. Glass 1 contains water without
a mixture of salt, glass 2 contains water and
salt as much as one spoon then stir until

) & r K
\n Gagem Ol &

evenly distributed, while glass 3 contains
water and salt as much as three spoons then
stirred until evenly distributed. The final step
he did was to insert the egg into three glasses,
and then he observed the existence of the
egg. The presence of eggs in glass 1 sinks,
glass 2 floats, and glass 3 floats.

The results of the statistical test data
analysis show that SL students with high
initial ability who are taught with inquiry-
discovery learning are higher than students
taught with conventional learning. Based
on the results of interviews with several
students with high initial abilities who
learned to use inquiry-discovery learning,

they got good grades because they had
carried out the practicum on the material
being tested and watched the video of
material application and did a lot of
exercises during the learning process,
which is in the form of literacy. Therefore,
it helps them to get used to working on
literacy questions. The results of
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interviews with students with high initial
abilities also said that they had the
intention to learn on their own and had
more curiosity; this was seen during the
learning process.

The results of statistical test data
analysis also showed that the scientific
literacy of students with low initial ability
who were taught with inquiry-discovery
learning was higher than students taught
with conventional learning. Based on the
results of interviews with some students
with low initial abilities who learned to use
inquiry-discovery learning said that they
got better grades from the pre-test because
they had carried out the practicum and
watched the video of material application
learned and enough exercises, even though
they still have not achieved minimal
mastery in the posttest scores. The results
of interviews with students with low initial
abilities also said that they did not like
science lessons, especially physics.

The results of this study are similar to
research (Mawardini, Permanasari, &
Sanjaya, 2015), which shows that the
achievement of the average scientific
literacy of high group students is better
than the students in the medium and low
groups, and the students in the medium
group are better than the low group
students.  Inquiry-discovery learning
invites students to search for concepts by
practicing and emphasizes learning
through experience (Tompo et al., 2016).

The success of inquiry-discovery
learning occurs because the direct role of
students in exploring the material through
the practicum with directed steps in this
learning and can make students more
independent and responsible. This is
consistent with the advantages of inquiry-
discovery learning that is student-centered,
and knowledge will last longer or be easier
to remember (Vlassi & Karaliota, 2013).
Based on this, this learning can help
students obtain good learning outcomes
because the knowledge or knowledge they

gain can last a long time and is easy to
remember.

CONCLUSIONS AND SUGGESTIONS
Based on the results of data analysis
and discussion, it can be concluded that the
high-order thinking skills of students
taught with inquiry-discovery learning are

higher than students taught with
conventional learning. There is no
interaction between inquiry-discovery

learning and higher-order thinking skills in
terms of initial abilities. Higher-order
thinking skills of high initial abilities
students who were taught by inquiry-
discovery learning are higher than students
taught with conventional learning. Higher-
order thinking skills of low initial abilities
students taught by inquiry-discovery
learning are higher than students taught by
conventional learning. Scientific literacy
of students who were taught with inquiry-
discovery learning is higher than students
taught with conventional learning.

There is an interaction between
inquiry-discovery learning to scientific
literacy in terms of initial abilities of
students’ scientific literacy with high
initial abilities that were taught with
inquiry-discovery learning. They achieved
higher than students taught with
conventional  learning.  Furthermore,
scientific literacy students with low initial
abilities who are taught with inquiry-
discovery learning are higher than students
taught with conventional learning.

Thus, inquiry-discovery learning
models can be recommended in increasing
HOTS and SL students. Teachers are
expected to measure other activities of
students in improving learning and
learning outcomes of students’ physics
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INTRODUCTION

The success of the learning process is
influenced by the quality and way of
teaching a teacher. Quality teachers not
only have knowledge but also have skills.
One of the skills a teacher must possess is
science process skills. According to
(Mutisya, Rotich, & Rotich, 2013), a
teacher must have science process skills. It
is a skill used by scientists when
conducting  scientific  investigations
(Lindrawati & Rohandi, 2015).

Science process skills can be developed
by conducting practical activities. In
developing process skills, practicum
methods can be used. Practicum activities
can be used as activities to improve or
develop students' scientific skills including
psychomotor aspects (Deviyanti, Ashari,
& Kurniawan, 2016). In order for the
practicum to be carried out to be effective
in developing students’ science process

skills, a practicum guide is needed that can
support the students’ science process skills
(Misbah, Mustikawati, M. Feyzarrif’at,

2018).
Science process skills serve to
encourage students to develop the

knowledge they have received (ldiege,
Joseph, *Nja, Cecilia, Ugwu, & N3, 2017).
Science process skills consist of basic
science process skills and integrated
process skills (Agustina & Saputra, 2016).
The basic and integrated process skills are
very relevant and in accordance with
science subjects in secondary schools
(Jack, 2013).

Science process skills of a pre-service
physics teacher are required to support
learning  activities.  According  to
(Lindrawati & Rohandi, 2015), Science
process skills should be owned by pre-
service physics teachers, so that when they
are becoming a real teacher, they can have
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an adequate understanding of science
process skills and be able to apply it in the
activities of learning in the classroom. If
the physics teacher does not have the
science process skills, then the teacher will
not be able to develop the student’s science
process skills. In addition, learning will
tend to be passive and students cannot
construct their knowledge independently.
Considering the urgency of mastering
the science process skills for physics
education students, the Physics Education
Study Program of Jambi University has
developed a science process skills-based
Basic Physics Il practicum guidebook.
Therefore, the researchers are interested in
conducting research to find out basic
science process skills and integrated
science process skills of the pre-service

Population
and sample

physics teacher at the University of Jambi.
The difference in this research with
previous research conducted by (Sari &
Zulfadewina, 2018) is the subject of this
research and the description of science
process skills seen after students use the
scientific process skills-based practicum
guidebook.

METHOD

This research employs a quantitative
descriptive method. "Descriptive research
on quantitative research involves a careful
description of educational phenomena”
(Gall, Gall, & Borg, 2003)

Following is the research graph in
Figure 1, and the research design in Table
1,

Instrument
Adoption

7

problems basis

Formulation off: Theoretical f: Data Collectiorf:

Conclusion

Data analysis f:

Figure 1. Modified Research Graph from Sugiyono 2014

Table 1 Research Plan
Class Treatment
Experimental Science
Process SKills-
based
practicum
guidebook

Post-test
Observation

Based on Table 1, the students were
given practicum guidebook based on
science process skills, and then they were
observed. In this study the sample used
was less than 100, according to (Sugiyono,
2016) the data collection technique is
suitable to use if the sample to be studied
is less than 100 people, then total sampling
technique can be used. The number of
samples was 91 physics education students
who took basic physics courses I1.

The data collecting technique used was
observed using the Observation Sheet
instrument. An effective observation sheet
is used to measure the science process
skills(Nasrodin, Hindarto, & E, Supeni,
2015). Observation sheet was made to
refer to the observed indicators, including
observing, classifying, measuring,
predicting, compiling data tables, making
hypotheses, making graphs, defining
variables, conducting experiments, and
designing experiments.

Students' science process skills data
were analyzed through descriptive
statistics using SPSS. Then to find out the
mastery of science process skills, the
students were grouped into four categories,
as shown in Table 2.
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Table 2. Students' science process skills mastery

scale
No Interval Category
1 25,00 <x<43,75 Poor
2 43,75 < x<62,50 Low
3 62,50 < x < 81,25 High
4 81,25 < x <100,00 Excellent

Indicators Category Percentage
Low 4,40
High 16,48
Excellent 58,24

Description: x = Mastery score of science
process skills.

RESULTS AND DISCUSSION
Results

The results of the descriptive analysis of
the data gathered on the science process
skills-based practicum guidebook on prism
refraction material shown are shown in
Table 3, and the distribution of the mastery
is shown in Table 4.

Table 3. Descriptive Analysis of Basic Science
Process Skills

Indikator Mean Std. Deviation
Observing 78,44 18,58
Classifying 76,09 22,02
Measuring 72,12 20,33
Predicting 77,60 29,84

Based on table 3, it is known that
observing aspect has the highest average
score with an average score and standard
deviations respectively: 78.44 and 18.58.
The indicator that has the smallest average
score is measuring with an average score
of 72.12 and std deviation of 20.33.
Students'  science process  skills
distribution is divided into four categories,
poor, low, high, and excellent.

Table 4. Distribution of the Basic Science Process

Skills

Indicators Category Percentage

Observing Poor 6,59

Low 9,89

High 35,16

Excellent 48,35

Classifying Poor 8,79

Low 19,78

High 32,97

Excellent 38,46

Measuring Poor 9,89

Low 19,78

High 30,77

Excellent 39,56

Predicting Poor 20,88

Based on Table 4 it is known that the
basic science process skills have already
mastered by students. This is known from
the average score mastery of the science
process skills for each indicator in all
categories are all excellent. Predicting is an
indicator that is mastered by students with
a percentage of 58.24%.

Table 5. Descriptive Analysis of Science Process
Skills Data Integration

Indikator Mean Std. Deviation
Compiling data 78,19 29,48
table
Making graphs 86,26 20,16
Collecting and 70,14 15,81
processing data
Making _ 75,82 21,87
hypothesis
Planning an 81,41 17,26
experiment
Conducting an 77.68 19,42
experiment

Based on Table 5, it is known that the
indicator of making graphs has the highest
average score of 86.26 and std. deviation
of 20.16. While obtaining and processing
data is an indicator that has the smallest
average score of 70.14 and std. deviation
of 15.81.

Table 6. Distribution of Integrated Science Process

Skills

Indikator Kategori Persentase

Compiling data Poor 4,40

table Low 13,19

High 30,77

Excellent 51,65

Making graphs Poor 6,59

Low 0,00

High 35,16

Excellent 58,24

Making Poor 10,99

hypothesis Low 3,30

High 57,14

Excellent 28,57

Defining Poor 6,59

Variable Low 31,87

High 39,56




242 Jurnal limiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 239-245

Indikator Kategori Persentase
Excellent 21,98
Planning an Poor 5,49
experiment Low 4,40
High 28,57
Excellent 61,54
Conducting an Poor 7,69
experiment Low 13,19
High 34,07
Excellent 45,05

Based on Table 6, it is known that the
indicator of making a hypothesis and
defining variables are categorized as high
while four other indicators are categorized
as excellent. The indicator that is mastered
by the students is planning experiments
with an average percentage of 61.54%.

Discussion

Observation is the main skill of all
science process skills aspects so it must be
mastered first to be able to master the other
(Puspita, Sicilia, 2016). In this study, the
observing skill is highly mastered by the
students with a percentage of 48.35% and
an average score of 78.44. Observation
activities were carried out by students
directly when the practicum takes place
and indirectly by observing the images
contained in the guidebook.

Students have a very good skill of
classifying with a mastery percentage of
38.48% and an average score of 76.09.
Classifying skill is a skill often carried out
by students so it is not difficult for them to
master this skill well (Rahman, 2017).
Classifying is the ability to identify
similarities and differences in various
observed objects (Sani, 2016).
Classification activities carried out by
students included grouping the same or
opposite quantities, such as classifying the
angle of deviation (D), the angle of
incoming light (i), and the angle of
refraction (r).

Measuring is the second basic skill that
must be mastered. This is because after
students observed the tool and how to use
the tool, they will begin to take
measurements. Measuring is an activity

that requires students to use a measuring
tool and require students to do calculations
to determine the measurement results
(Rauf, Rasul, Mansor, Othman, & Lyndon,
2013). Based on the result of the analysis,
the students have an excellent skill in
measuring with a percentage of mastery of
39.56% and an average score of 72.12,
Based on the results of observations,
students in  addition to making
measurements in a structured manner they
also did it carefully. Science process skills
make the students more careful in carrying
out experiments and interested in what is
done (Ambarsari, Santosa, & Maridi,
2013).

The next science process skill mastered
by the students is predicting with a
percentage of 58.24% and an average score
of 77.60. Predicting is to anticipate the
consequences of a new situation or change
past experience and previous observations
(Wiwin & Kustijono, 2018). In this study,
predictions were made before students
conducted experiments so that they had
were not influenced by previous
experiments. Science process skills-based
learning requires students to have good
initial knowledge (Deta, Suparmi, &
Widha, 2013). Based on the results of
interviews  with  several  students,
information was obtained based on the
identification of variables/laws related to
the experiment. "... | make predictions
based on the identification of existing
formulated variables and based on
refraction law ..." (interview conducted on
2 May 2018).

In general, physics education students
have mastered basic science process skills
well. These results identify that the use of
practicum guidebook effectively increases
the students’ science process skKills
mastery. In accordance with the results of
the research conducted by (Sari &
Zulfadewina, 2018), mastery of basic
science process skills without using a
science process skills-based practicum
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guidebook is still in the fairly good
category.

Basic science process skills are skills
that must be mastered by every student.
Science and non-science require basic
scientific process skills ... (Akinbobola &
Afolabi, 2010). Students of pre-service
physics teacher who do not have basic
science process skills will have difficulty
in developing their knowledge. Mastery of
science process skills can affect the
mastery of concepts in the cognitive
domain (Desstya, 2015). In addition,
students who do not master basic science
process skills will not master the integrated
science process skills. Integrated process
skills can be obtained after basic skills are
mastered by students (Rauf et al., 2013).

Science process skills can make
students more literate about science,
according to the statement (Espinosa,
Monterola, & Punzalan, 2013) science
process skills make students more
knowledgeable in science. Students who
have science process skills will have a
positive attitude towards science and will
also help them improve their scientific
literacy. When students carry out scientific
investigations, science process skills can
also help in constructing the knowledge
acquired during the activities.

Integrated science process skills are
obtained after mastering basic science
process skills. In this study, integrated
science process skills were analyzed,
namely on the making graphics, making
hypotheses, compiling data tables,
defining variables, planning experiments
and conducting experiments aspects.

The compiling data table indicator from
91 physics students of Jambi University
shows that they are excellent on this
indicator with a percentage of 51.65%. The
students are also doing an excellent job in
the making graphs indicator with a
percentage of 58.24%. This is certainly a
good thing for a physics teacher candidate
because making and understanding
graphics is a basic ability for a scientist.

The hypothesis is a statement based on
assumptions and has not been proven.
Usually, hypotheses are used in
determining theory and law. According to
(Idris & Halil, 2016), The Hypothesis is a
statement based on assumptions whose
truth has not been proven. The making
hypotheses indicator reveal that the
students are skilled in  making
experimental hypotheses with a percentage
of 57.14%.

The next indicator is defining variables.
It can be seen that 39.56% of the students
are skilled in identifying variables in the
practicum. So, in this indicator, the
students have been able to identify the
dependent variable, the independent
variable, and the control variable in the
experiment. According to (Donmez &
Azizoglu, 2010), identifying variables is to
see changes in variables that are related to
other variables. For the planning, an
experiment indicator, 61.54% of students
belong to the excellent category in
planning practicum activities.

The next indicator, which is conducting
experiments, according to (Rezba et al.,
1995) states that experiments include using
the materials needed to create a
mechanism that matches the practicum
objectives, changes and control variables
to reach data, record and evaluate data to
analyze it, draw conclusions and provide
reports on experiments conducted. The
students are in the excellent category for
the conducting experiments indicator with
a percentage of 45.05%. This is because
based on the results of an interview; the
students are able to carry out practical
activities well by just following the
instructions in the practicum guidebook
used.

The results of this study are expected to
be used as a consideration in broadly
applying practicum guidebook based on
science process skills, especially in
physics education study programs.
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CONCLUSION AND SUGGESTION

Based on the results of the study, the
implementation of science process skills-
based Basic Physics Il on prism refraction
material can increase the basic science
process skills and the integrated science
process skills of physics education
students of Jambi University. The most
prominent basic science process skills are
prediction with a percentage of 58.40%,
while the most prominent integrated
science process skills are planning an
experiment with a percentage of 61.54%.

The researchers suggest further
research on the relationship of mastery of
science process skills with the mastery of
physics concepts, creative thinking skills,
and problem-solving skills.
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Abstract: The purpose of this research was to know the validity and reliability of instrument three-tier
diagnosis to identify the students’ misconception in fluid concept. The stages of development research that
used in this research were (1) The first research and collecting information, (2) planning and designing of
development (3) validity and product evaluation. The instrument of the test was tested on 98 students of 3
schools. The instrument has been developed and categorized effectively because it has a valid category
with the Aiken validity index value> from table V (0.75) and the reliability of the instrument has a value of
0.96 with a high category. The instrument of three-tier test that developed was able to identify the students'
comprehension in students' concept and students' misconception. There are 27,58% students comprehend
the concept, 45,29% students did not comprehend the concept, 24,74% students showed that misconception

and 2,36% students experienced errors
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INTRODUCTION

One of the main problems that appear
in  physics education is students'
misconceptions.  (Wijaya,  Supriyono
Koes, & Muhardjito, 2016). When the
students learn about everything around
them either through formal school
education or non-formal education
through daily experience, students tend to
develop comprehension of something
based on their own views. Because this
concern, several researchers have done
the research to describe the students’
comprehension. The  variety  of
comprehension types that are formed by
students are called by several terms, such
as "alternative conceptions”,

"misconception”, “naive beliefs”,
“children’s ideas”, conceptual
difficulties”, “phenomenological

primitives”, “mental models” and many
the others term (Gurel, Eryilmaz, &
McDermott, 2015). Lack of
comprehension through a concept can be

improved by further instruction and
learning, while misconception is believed
to able inhibiting the acceptance and
development of knowledge and students’
ability. (Hasan, Bagayoko, & Kelley,
1999). Misconception must be overcome
because it can give negative effect in the
further learning process. (Djanette &
Fouad, 2014; Lucariello, Tine, & Ganley,
2014; Sholihat, Samsudin, & Nugraha,
2017). Based on this thing, it is necessary
to identify the students' comprehension of
whether the students have understood the
concept well, students have not
understood the concept well or the
students faced misconception.

The misconception is the condition
where the students’ comprehensions are
different from the experts'
comprehension. (Resbiantoro & Nugraha,
2017; Wijaya et al., 2016). Misconception
can be also identified as the concept that
contrary to theories that are scientifically
accepted and generally accepted (Gurel et
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al., 2015). Misconception can be
identified in some methods such as using
instrument diagnostic test that used to
identified the students’ misconception is
Three-tier instrument (Zukhruf, Khaldun,
& llyas, 2016). Three-tier tests are
considered to have advantages in
distinguishing  the  lower  students'
comprehension and students that faced
fault incomprehension or misconception
(Gurel et al., 2015).

Three-tier test instrument can identify
students’ comprehension of the concept
and students do not need many times
(Wijaya et al., 2016; Wisudawati, 2015).
Besides the Three-tier test instrument can
distinguish that students comprehend the
concept, misconception, guesswork (do
not have self-confidence), and do not the
concept (Abbas, 2016). Besides it can
identify the students’ misconception, the
three-tier test instrument also able to
identify the students that comprehend the
concept or less comprehend the concept
(Aini, Ibnu, & Budiasih, 2016). The three-
tier instrument is that used in the second
level. The test participants are still given
an alternative answer and sometimes the
test participant just guesses and it is
difficult to know the difficulties cause that
experienced by the students. (Suwarto,
2013). In this research, the researcher
wants to develop the three-tier test
instrument that able to identify the
students' difficulties in the learning that is
by using the three-tier instrument with the
open-minded reason. In preparing the
instrument or test instrument need to be
done accurately based on the rule that
determined by education measurement
and curriculum (Prihatni, Kumaidi, &
Mundilarto, 2016; Siregar, 2014). The
instrument that used an instrument of
collecting data must be done validity

besides to acquire suggestion and
improvement that purpose to give
assessment  through items in the

instrument (Suryani, Kartowagiran, &
Jailani, 2017). Validity is evidence and

theory through the interpretation of the
test score based on the purpose of test
usage (Pruyn, Watsford, & Murphy,
2016).

Diagnostic Formative Assessment

Assessment can be said as an act of
collecting data in order to make decisions
based on information obtained in the
testing phase. Some of the assessment
characteristics in learning such as the
following: (1) Assessment is started by
collecting some information about
students in the learning; (2) In the
assessment activity is done by analyzing
and interpretation through data and
information are that collected; (3)
Interpretation results decisions about
learning; (4) There is a follow-up to the
decisions produced; (5) Assessment
Assessment is carried out on an ongoing
basis (Kusairi, 2012). Some knowledge
about formative assessments include: (1)
Formative assessment is a process carried
out in learning; (2) Formative assessment
results are not only used by teachers but
also by students; (3) Formative
assessment provides feedback on student
learning and the learning process carried
out by the teacher; (4) Feedback provided
by formative assessment will be useful for
students and teachers to  make
arrangements so that learning and
learning can achieve curriculum goals
(Kusairi,  2013).  With  formative
assessment in the form of objective tests,
it can help students who have low
learning outcomes to learn the subject
matter as a whole (Parsa, 2015).
Formative diagnostic assessment is an
instrument prepared to find out the
learning outcomes that aim to identify or
diagnose learning outcomes so that
feedback occurs on the results of the use
of formative diagnostic assessment.
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METHOD
The Research Procedure

Figure 1. The Research Procedure

This research is a type of research
that aims to analyze the validity,
reliability, level of difficulty,
differentiation, deception index of
students’ misconception diagnosis
instruments and analyze students’
learning difficulties that cause the
students do not understand the concept or
students that faced misconception in the
fluid concept. The research is started with
preliminary study through literature
review and empirical research (Field
Survey). The result of the literature
review showed that an instrument was
said to be good if it has validity,
reliability, level of difficulty,
differentiation and a good deception
index. The research begins in December
2017 until March 2018. The initial
drafting of the instrument, validation, and
test is conducted in December 2017 until
February 2018. The instrument trials are
conducted from February to March 2018.
The research was conducted in SMA and

Madrasah aliyah in the Karanganyar
region of Java Middle, with high, medium
and low categories based on the results of
2014, 2015 and 2016 national
examinations. The subjects of this
research were 98 students of class XI IPA
consisting of 1 class of SMA NI
Karanganyar, 1 class of SMA
Gondangrejo, and 1 class of MA N
Gondangrejo. Before the instrument was
used to identify student misconceptions, a
Focus Group Discussion (FGD) was
carried out by involving experts in the
fields of Physics, Physics Education,
measurement and Physics Education
practitioners. Based on the FGD, there are
several instruments that need to be
revised. After the revision is complete, the
instrument can be used to identify student
misconceptions, but first, it is necessary to
analyze  the  validity, reliability,
differentiation, level of difficulty and
index of the deception.

Tests of validity, reliability, level of
difficulty, distinguishing power and the
test index of the test instruments to
identify student misconceptions involved
1 class from each school with a total of 98
students. In the testing phase of the
instrument, it is intended to obtain
information  about the  feasibility,
adaptability, and functioning of the test
instrument on field conditions. In
addition, the trials carried out can also
provide information about the validity,
reliability,  differentiation, level of
difficulty and deception index of an
instrument. The validity of an instrument
does not apply generally to all measuring
objectives. A test generally only produces
a valid measure for a particular
measurement goal.

Validity of the contents of a test
instrument can be done by looking at the
suitability of the indicators in the grid
with the operational definition of the test
instrument and with the operational
definition of constructing instruments,
determination of content validity can be
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done through focus group discussions
(PGD) conducted by at least 5 experts and
practitioners in  measured field. An
instrument will be said to be valid if it has
an Aiken validity index greater than V
table. According to the V table compiled
by Aiken, a question is said to be valid
with the number of validators 8 people at
least the question has a validity index of
0.75 (Aiken, 1985).

Based on the validity of the test
items, the value of 0.74 indicates good
and acceptable validity (Mohamad,
Sulaiman, Sern, & Salleh, 2015; Yasin,
Yunus, Rus, Ahmad, & Rahim, 2015).
Aiken's validity is formulated by the
equation:

V=S/[n*(c-1)] Were S=Y_ ni(r-Lo)
Where:

V: Aiken validation index

C: Number of categories or criteria
€0: The lowest category

ni: Number of assessors who choose
criteria i

r: Criteriato i

n: Number of all assessors

In addition to the validity of an
instrument, the reliability of an instrument
is also much needed in the preparation of
an instrument, this is because the
reliability of an instrument shows the
consistent validity of an instrument
(Mohamad et al.,, 2015; Yasin et al.,,
2015). The reliability of an instrument is a
determination of the results of a test, or if
a change occurs, then the change can be
said to be meaningless or significantly,
Reliability itself can be said as the
instrument's freedom of error and can
produce a consistent result (Priyambodo
& Marfuatun, 2016 ) The reliability of an
instrument can be obtained through the
results of testing instruments to test
participants, in addition by testing the test
instruments, information on the difficulty
of the items, the item distinguishing
power, and the index of the items about
an instrument (Yamtinah, Saputro, &

Utami, 2016). A test instrument is said to
be reliable if the instrument items are
consistent in measuring a person so that
the results of measurements are
performed on the same subject even at
different times. There is no agreement in
general what is the minimum coefficient
of an instrument so that the instrument
can be said to be reliable, but for a test to
be used to decide about students, it must
have a reliability coefficient of 0.70
(Fitriatun & Sukanti, 2016).
Determination of the reliability of the
assessment instrument developed in this
study is to use the equation or formula
Cronbach Alpha as follows (Fitriatun &
Sukanti, 2016):

k Si?
S (1- 2512 )
Where:
K = Number of test items
S = Variant total test score
¥SiZ = Number of all item variants

forming test

Table 1. Interpretation of reliability values refers to
Guilford's opinion

Score o Reliability
<0,70 Low
>0,70 High

Cronbach Alpha is generally used
when we measure tests that have standard
multiple-choice items or in the form of
essays. Cronbach Alpha in principle
includes measuring homogeneity in which
it focuses on two important aspects,
namely the content aspect and the
heterogeneity aspect of the test. If the test
item is heterogeneous, it means measuring
more than one characteristic, traits or
attributes and will cause the alpha
coefficient to be lower. Conversely, if the
test is more homogeneous then the alpha
coefficient price will be higher which
means the test is more consistent (Shirali,
Shekari, & Angali, 2017).

Reliability is the stability of the score
obtained by the same person when tested
again with the same test in different
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situations or from a measurement of other
measurements, so that reliability can be
said as the level of consistency of the two
measurements of the same thing. By using
a reliable test tool, a person will have a
constant score if given the same test even
at different intervals, for which a good
test instrument must also have a good test
item difficulty level.

The level of difficulty of a question
can show the level of quality of a test
item. Test items can be stated as items
that are good if the items are not too
difficult and not too easy, in other words,
the degree of difficulty of an item is
moderate or sufficient. Good questions
are questions that are not too easy and not
too difficult, questions that are too easy
do not stimulate students to improve their
efforts to solve them and vice versa if the
problem is too difficult will cause
students to despair and not have the
enthusiasm to try again. Equations are
used to determine the level of difficulty
with the correct proportion of answers
(Fitriatun & Sukanti, 2016):

p=_2X
SmN
Where:
P = The proportion answers
correctly or the level of difficulty
Yx = The number of test participants
who answered correctly
Sm = Maximum Score
N = Number of test takers

Table 2. Difficulty level categories (Arikunto, 2013)
(Nova, 2016) (Jihad, 2013)

Score of P question category
P<30 Difficult
0,30<P<0,70 Medium

0,70 <P <1,00 Easy

Distinguishing power is one of the
points that must be considered in the
preparation of instruments or questions in
the analysis of learning outcomes.
Analysis of the differentiation of items
was conducted to determine the difference
power which can be seen from the

discrimination index value for each item.
The differentiating power of a problem is
the ability of a question to distinguish
between students who are clever (highly
capable) with students who are stupid
(low ability). The distinguishing factor of
a test functions to determine whether or
not a question can distinguish groups in
aspects measured according to differences
in the group, in principle the
distinguishing index is calculated on the
basis of group division into two parts,
namely the upper group which is a group
of capable test takers high with the lower
group, namely the low-ability group of
test takers. Different power analysis can
use equations:

. Yp-v nb.bs
rbis = —=.
SD " unvn?-n

- Xb-X
rpbis= ===1/pq

Where:

Xb, Yb= The average score of students
who answer correctly

Xs, Ys = The average score of students
who answer incorrectly

SD = Standard Deviation

Nb,ns = Number of students who
answered correctly, Number of
students who answered incorrectly

p = Proportion of the correct answer
for all answers

q =lp

u = Ordination of a normal curve

The distinguishing criteria are interpreted
using the following references:

Table 3. Classification of differentiation (D) (Arikunto,
2013; Nova, 2016)

Distinction index (D) Category

D <0,20 Poor

0,20 <D <0,40 Satisfactory
0,40 <D <0,70 Good

0,70 <D <1.00 Excellent

The answer pattern in a question is
known by calculating the number of tests
who chose each option provided (Fitriatun
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& Sukanti, 2016). A deception index can
be said to be good or has performed its
function well if it has such attractiveness
that the test participants feel hesitant and
hesitant so that in the end, they become
fooled to choose a distractor as the correct
answer. In general, what applies to the
evaluation of learning outcomes is that
distractors have been able to carry out
their duties well if the distractors have at
least been chosen by 5% of all test
participants (Fitriatun & Sukanti, 2016).
Distractor efficiency (DE) is calculated
based on the number of NFD in an item
and ranges from 0 - 100%. NFD is
choices other than keys when chosen not
often by respondents (<5%), and does not
carry out their functions (D’sa & Visbal-
Dionaldo, 2017; Mahjabeen et al., 2018).

Table 4. Questions Category based on Distinction
index Factor (Fitriatun & Sukanti, 2016)

Non-functional Items
distractors Item

0 Very Good
1 Good

2 Enough

3 Less Good
4 Not Good

The instruments used in this research
used conceptual  diagnostic  tests
consisting of three levels or three-tier
tests. The three-level diagnostic test
instrument used in this research consisted
of 28 items from 11 fluid concepts.
Research to analyze students'
misconceptions about fluid concepts is
carried out in several stages, the initial
stage of data collection, data processing,
description and discussion of findings in
the study. Data analysis uses the concept
of analysis compiled by Kaltakci
(Kamilah & Suwarna, 2016).

Table 5. Misconception Analyzing

Correct Incorrect Believed Positive False
or
Misconception

Correct Incorrect Not Not understand

believed the concept
Incorrect  Correct Believed Negative false
or error
Incorrect  Correct No believed  Not understand
the concept
Incorrect  Incorrect Believed Misconception
Incorrect  Incorrect Not Not understand
believed the concept

RESULTS AND DISCUSSION
Validity

An instrument that has been prepared
in draft form before used it must be
validated. The purpose of validation is to
get feedback, criticism, and suggestions
for improvement in accordance with the
expertise of each validator. Expert
validation aims to provide an assessment
of the instruments that have been
prepared. The assessment carried out by
the validator can be in the form of
conformity with the indicators that have
been prepared, the suitability of the
material, conformity of the choice of
answers, the suitability of the language or
conformity of the instrument as a
measuring instrument.

An instrument has that prepared to be
validated by 4 experts and 4 teachers, the
data were analyzed by using Aiken
equation. Based on the validity analyzing
was getting the data that 28 questions that
were prepared and had the valid category
where for the Aiken validity index more
than V table for 8 validators is 0.75.
Based on the validity analyzing was
getting the data that:

Table 6. Validity Analyzing Items

Items Number Category

1,2,3,45,6,7,8,9,10,11,12,13,14 | Valid
,15,16,17,18,19,20,21,22,23,24,
25,26,27,28

- Invalid

The first The The third Categories
stage second stage
stage
Correct Correct Believed Understand the
concept
Correct Correct Not Not understand

believed the concept

Based on the results of the analysis of
the validity of the items it was found that
28 questions were stated in the valid
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category where for the Aiken validity
index results for 8 validators higher than
V tables or higher than 0.75. If the item is
valid then the question is feasible to use.

Reliability

The reliability analysis of the items
was carried out on 28 questions that had
good validity, based on the results of the
reliability analysis using the Cronbach
Alpha formula with the help of the Quest
program, it was obtained data that:

Table 7. Reliability analysis of test items

Types of Score of Category
Reliability Reliability

Reliability 0,96 High
item

Reliability analysis of the questions
was carried out on 28 valid questions.
Based on the results of the reliability
analysis using the Cronbach Alpha
formula, the reliability of the questions
was 0.96 with a high category.

Difficulty level

Difficulty level analysis of test items
was carried out on 28 questions that had
been tested for validity. Based on the
analysis of the difficulty level of the test
items, it was found that:

Table 8. Analysis of the difficulty level of test

items
Test items Category
2,35 Easy
1,4,6,7,8,10,11,12,13,15,16,17, Medium
18,19,21,22,23,27,28
9,14,24,25,26 Difficult

Table 9. Persentase of the difficulty level of test

items
Category Persentase
Easy 10,71 %
Medium 71,42 %
Difficult 17,85 %

Based on the results of the data
analysis of the difficulty level of the test
items shown in the table, it can be seen

that from 28 test questions that have been
tested, information is obtained that the
difficulty level of the test questions is
divided into three categories, namely
easy, moderate, and difficult. Questions
that have an easy level of difficulty are
shown no 2,3,5 or with a percentage of
10.71%, questions that have a level of
difficulty with the category being shown
no.l, 4, 6,7, 8, 10, 11, 12, 13, 15, 16, 17,
18, 19, 21, 22, 23, 27, 28 or with a
percentage of 71.42% and questions that
have a level of difficulty with difficult
categories are shown no 9,14,24,25,26 or
with a percentage amounting to 17.85%.

Differentiating Power

Differential power analysis was
conducted to determine the quality of the
items in distinguishing between the upper
groups who answered correctly and the
lower groups who answered correctly.
Distinguishing power analysis was carried
out on 28 items that had good validity.
Based on the distinguishing analysis, data
were obtained that:

Table 10. Distinguishing power Analyzing

Items number Category
1,3,5,7,14,24,25 Bad
2,4,6,10,11,13,15,18,20,21,27,28 Sufficient
8,9,12,16,17,19,22,23,26 Good

Table 11. Persentase of Distinguishing power

Analyzing
Category Persentase
Bad 25 %
Sufficient 42,85 %
Good 32,14 %
Very good 0%

Based on the results of the analysis of
distinguishing data shown in the table, it
can be seen that out of 28 questions
compiled and tested on students,
information was obtained that the
differentiating problem was divided into 3
categories, namely bad, sufficient and
good. Test items that have a
differentiation with a bad category are
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numbered 1,3,5,7,14,24,25 or with a
percentage of 25%, test items that have
distinguishing features from the category
are simply indicated number 2,46,
10,11,13,15,18,20,21,27,28 or with a
percentage of 42.85% and test items that
have distinguishing features with good
categories shown in numbers
8,9,12,16,17,19, 22,23,26 or with a
percentage of 32.14%.

Deception Index

The deception index analysis was
carried out to find out how the
functioning of the alternative answers to
the errors given to the multiple-choice test
items. Based on the analysis of the
alternative index, the answers to the test
items were found that:

Table 12. Analyzing of deception alternative answer

Alternative Answer Category
2  [(bcd), 5/(bc,d), <0,05(Kurang Baik)
8/(a,c,d)

Table 13. Persentase Analyzing of deception alternative
answer

< 0,05 (less good) > 0,05 (good)

6,42% 93,57%

Based on the results of the analysis of
the alternative answers to the deception
data shown in the table, it is known that
from 28 test items with 5 alternative
answers on each test item, it was found
that alternative answers b, ¢, and d on test
items number 2, b, ¢ and d on Test items
number 5 and a, ¢ and d on item number 8
have not had good or not selected
deception at least 5% of the total test
takers.

Conception of Students

Based on the results of student
misconception analysis of the fluid
concept using the three-tier test
instrument, the data obtained that:

Table 14. Persentase of students' concept
comprehension level about the fluid
concept

Level of comprehension Persentase

concept

Understand the concept 27,58

Not understand the concept 45,29

Misconception 24,74

Error 2,36

Table 14 showed that from 98
students in SMA XI IPA grade was gotten
data that 27,28% students understood the
fluid concept. 45,29% students have not
understood the fluid concept, 24,74%
students have misconceptions and 2,36%
students have an error. Based on the
analyzing of data identified students'
misconception, there are many students
that faced misconception. The difference
between students that did not understand
and the students and students faced
misconception lies in the students' belief
about their answer was given. If the
students believed through their answer is
given but their answer was wrong so that
the students were categorized as a
misconception, even though if the
students did not believe with their answer
given so that the students were
categorized that they did not understand
the concept.

Misconceptions that occur in students
are not limited simply because their
answers are wrong, however, based on an
analysis of understanding the concepts of
students with three-tier test instruments
with open reasons or students not given
alternative answers, it is found that
students find the difficult to give reasons
for their answers given it to the first level
question. It shows the difficulty of
students in communicating in conveying
what they understand.

CONCLUSION AND SUGGESTION
The results of the validation by eight
validator experts found that the test items
developed were included in the valid
category. Based on the results of the
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analysis of the diagnostic test instrument,
it was found that the 28 test items used in
this study had the reliability of 0.96 with a
high category so that the instruments
prepared were reliable and feasible to be
used as test kits. The level of difficulty of
items consists of 3 items with easy
categories, 19 items with medium
categories and 5 items with difficult
categories. The differentiation of test
items consisted of 7 items with a bad
category, 12 items with enough categories
and 9 items in a good category, for the
fraudulent index the alternative answers
that had not been selected were at least
5% of the total test participants, namely
alternatives B, C and D on item number 2,
B, C and D in points 5 and A, C and D in
number 8.

The next research for the researchers
suggested that the test sample diagnostic
test instruments use more varied schools
so that the diagnostic test instruments

compiled have better validity and
reliability. Item Questions developed
should be made more in-depth in

identifying misconceptions experienced
by students so that the information
obtained by the teacher will be more
complete. In  addition, diagnostic
instruments  to identify  student
misconceptions should be arranged in the
form of four-tier tests for open reasons.
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Abstract: Scientific literacy is the ability to use scientific knowledge, identify problems, and draw
conclusions based on evidence, in order to understand and make decisions about nature and changes that
occur in nature as a result of human activity. This study aims to determine the development of physics teacher
candidates’ scientific literacy. This is important to prepare the physics teachers in the future. The method
used was ex-post facto. The subjects of this research were all students of physics education Department of
UIN Sunan Gunung Djati Bandung from the first to the last semester. The data collection used was essayed
tests which contained the context of science, the content of science, the process of science, and the attitude
of science. Data analysis was done qualitatively and quantitatively. Based on the results of this study, it
indicates that the scientific literacy ability possessed by physics teacher candidate students experiencing a
continuous development in terms of the context of science, science content, the process of science, and
attitude to science. The result of this research may be applied by the Physics Department to make a decision

or rule on how to improve the physics student’ literacy level.
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INTRODUCTION

Scientific literacy has long received
attention from the academic field.
Scientific literacy is a very important
ability for everyone to solve problems.
People who have the literacy ability is able
to read and understand graphs, tables,
diagrams, and able to apply mathematical
skills in their life (Vieira & Tenreiro-
Vieira, 2016). While someone who has
scientific literacy is a person, who uses
scientific knowledge and skills to make
decisions to understand life and to
participate in social activities (Luke, 2018;
Restivo, 2017).

The scientific literacy is directly
correlated with building a new generation
that has strong scientific thinking and
attitude (Linder, Airey, Mayaba, & Webb,
2014). It can effectively communicate
science and research results to the general

public (Arohman, Safudin, & Priyandoko,
2016). The United States National Science
Education Standard states that the nation
has set a goal for all students to be able to
reach the level of scientific literacy (C. Y.
Chang, Chang, & Yang, 2009; Wright,
Franks, Kuo, McTigue, & Serrano, 2016)
Scientific literacy learning has become
widespread as one of the most important in
science education. The scientific literacy
assumptions consist of the ability to think
metacognitive, read and write scientific
texts, and to apply elements of scientific
argumentation (Orr & Kukner, 2015).
According to Butler and Winne in Wallace
that metacognitive knowledge needs to be
developed by students in order for their
learning to be more effective (Bovill,
Cook-Sather, Felten, Millard, & Moore-
Cherry, 2016; Wallace, 2004). Reading
and writing skills are also very important
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in literacy, according to Holliday in
Wallace, by reading we could know the
skill of outlining the ideas and information
obtained from the text being read, whereas
by getting used to writing will train the
ability to express ideas with what is in their
hearts in their own language (Roos, 2014).
As for applying scientific argumentation,
according to Pitrinch in Wallace can be
applied after accustomed to writing and

reading scientific texts (Johnson-
Glenberg, Megowan-Romanowicz,
Birchfield, & Savio-Ramos, 2016;

Wallace, 2004).

Learning in science education literacy
according to Doyle describes three
versions: (a) student-centered, where
learning is designed to be in the personal
meaning and experience of the child, (b)
the subject matter, the lesson is designed to
align  with  professional work and
discipline, (c) learning center in world
activities real where it will be an
experience for every individual. To
achieve the goal of science literacy,
teachers and science educators should
concentrate on instructional design for
student learning or on student performance
(August & Shanahan, 2017; S. N. Chang &
Chiu, 2005).

The Ministry of National Education has
developed a curriculum policy study in
science subjects with facts about PISA
results on the average literacy conditions
of Indonesian students. So far, the
acquisition of Indonesian students' literacy
index is still very low. This is in line with
Indonesia’s rating according to the
Program for International  Students
Assessment (PISA), which occupies the
62nd position of 69 countries evaluated
(Iswadi, 2016).

This study was conducted based on the
Curriculum Centre of the National
Education Research and Development
Agency on the Future Science Curriculum.
Based on such study resulted in science
learning related to science literacy. Some
of the things recommended in the

academic script are: (1) Science learning
should be able to foster students' self-
esteem, (2) science learning must be
accompanied by the development of skills
and skill skills and scientific skills, so that
science learning not only teaches concepts,
(3) Science learning should make students
able to develop their reasoning ability and
can plan to conduct scientific
investigation, (4) Science learning should
be able to revitalize science process skill
for students, teachers and prospective
teachers as the main mission of Teaching
and Learning Process of science (Islami,
Nahadi, & Permanasari, 2016). Simply, the
research aim is to show the level of student
literacy of physics content and to give
consideration to be applied by the
department.

METHOD

The approach used in this research was
descriptive quantitative approach with
special study characteristic. The method
used in this research was an ex-post facto
method. This research explains the
influence of literacy ability for physics
teacher candidate. Researchers took 41
students of Physics Education Department
of UIN Sunan Gunung Djati Bandung as
the randomly selected subject. The data in
this research was obtained from the
instrument of scientific literacy with four
aspects of literacy namely process,
concept, context, and attitude. The subject
matter in this research was gear and spring
matter that has been learned by the student
in senior high school or basic physics in
university. The instrument was validated
by the specialist, and the reliability was
calculated using Spearman-Brown
methods. An assessment was done by
using four-levels rubric according to the
true level of the answer (Zakwandi,
Rochman, Nasrudin, Yuningsih, & Putra,
2018). The data was then analyzed by a
quantitative approach to get the profile of
student ability and to predict the literacy
level of the student in the last years. Before
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that, the data has been checked through
statistical approach such as reliability or
normality of the data. Reliability has the
same function as the standard deviation is
to show the distribution of the result.

RESULTS AND DISCUSSIONS

The data in this study was collected
from the instrument of scientific literacy.
Before the data was used to make a
conclusion of the result, the data was
checked through the validity and reliability
test and give the result as the coefficient of
reliability with the value 0,92 with the very
high interpretation (Crowder, 2017) and
the validity of each number of question is:

Table 1. The validity of instrument literacy of
each question

Table 2. Student average score in mechanic’s

phenomenon.
No Year Average
1 2017 1.35
2 2016 2.07
3 2017 2.65

Number of ualificati
No Question Index © on
1 1 (Process) 0.55 Middle
2 2 (Concept) 0.75 High
3 3 (Context) 0.70 High
4 4 (Attitude) 0.78 High
5 5 (Process) 0.88 Very High
6 6 (Concept) 0.79 High
7 7 (Context) 0.82 Very High
8 8 (Attitude) 0.85 Very High

Based on table 1 we get the

information that the instrument of literacy
used in this research was reliable and
possessed a high-level degree of validity.
So we can to use the data from this
instrument to make a conclusion and
generalization of the students’ levels of
literacy in Physics Education Department
(Chatfield, 2018).

The result of this study indicates that
the scientific literacy possessed by the
students of physics teacher candidate
experiencing a continuous development
during the learning process. Based on the
data obtained, the student ability increases
significantly.

Table 2 shows the level of students’
scientific literacy ability at the beginning
(first years) to the end (third year). Based
on the table, we have the data of the
improvement of the students’ scientific
literacy with the coefficient of 1, 40 each
year. The data indicate that the students’
level in the first years was low, the students
in the second years was in the moderate
scientific literacy ability and the student in
the third years was in the high-level
category. In addition, the data obtained
shows that the overall average of students
in the aspect of scientific literacy was still
in the moderate category with the
achievement of 2.02 on a scale of 0 to 4
(Towns & Ashby, 2014). This provides an
illustration that the implementation of
learning that had been done to help
students to develop their scientific literacy
level was still not enough since society
requires them to be highly literate. Based
on the assumption, the increase of student
literacy could be used to predict that the
Physics Education Program students
would have a high level of literacy, thus it
can be assumed that the graduates are
already at a high level. However, this still
needs to be improved further because of
the score is still in the unsafe level (Drew
& Thomas, 2018).

Table 3. Students’ scientific literacy Levels on
Gear and spring matter

Average
No Year Gear : Spring
1 2017 1.77 0.92
2 2016 2.43 1.70
3 2017 2.73 2.56

Based on Table 3, the difference in
student literacy level was observed from
the material tested. In this study, the
material used as research was the material
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related to gear, chain, and spring. Based on
the data obtained then it appears that the
subjects of the research were more literate
on the material related to wheel and chain
compared with the spring material. This is
because of the subjects were in touch
directly with the wheels and chains more
than the springs (Proyowidodo & Luik,
2014). In the real-life application, the
wheel and chain are represented by Ferris-
wheel whereas spring material s
represented by a sledgehammer. Based on
the data obtained, the level of students’
literacy on the material related to wheel
and chain was in the intermediate level
with the score of 2.31 while the material
related to springs was in the low level with
the score of 1.73 from a 0-4 scale. If it is
reviewed further on the basis of each
scientific literacy aspect (process, concept,
context, and attitude), it shows more
specific results. Table 4 shows the level of
students’ literacy on each aspect of literacy
in each material tested. In every aspect of
students’ scientific literacy also shows
higher levels in the wheel and chain
material compared to spring material. In
the aspect of data process, the students
were more familiar with the process of
moving or working principle of Ferris-
Wheel than a sledgehammer. This is due to
the experience of the average student who
had been on a Ferris-Wheel, and only a few
of the students have ever used a
sledgehammer (Rainey, Maher, Coupland,
Franchi, & Moje, 2018). Based on these
results it can be shown that one way to
increase the level of literacy is by
presenting the real form of a physics
concept. The results showed that students
have the highest level of literacy on the
process in both materials while for the
lowest score are in the attitude aspect. This
indicates that the student still can't give a
proper view in addressing the application
of the physics concept. This is true also
related to the acquisition of literacy index
on the concept aspect in each material

where the students only get the score of
2.18 on wheel and chain material and 1.76
for the spring material (Soobard &
Rannikmae, 2011).

Table 4. Student literacy levels each aspect on
each matter study

Index
No Aspect Gear Spring
1 Process 2.69 2,09
2 Concept 2.18 1.76
3 Context 2.48 1.54
4 Attitude 1.89 1.64

This is slightly different in the context
aspect in which the students have a fairly
good score on wheel and spring material.
This may indicate that the students were
able to predict how the impact of the
application will be. The overall cumulative
result of the student literacy index is shown
in Table 5.

Table 5. Student literation index of each aspect

literacy
No Aspect Index Qua(l;:eau
1 Process 2.39 Moderate
2 Concept 1.97 Low
3 Context 2,01 Moderate
4 Attitude 1.71 Low
Average 2.02 Moderate

Table 5 shows that the level of student’
literacy is at a moderate level. The
obtained literacy index based on the
literacy aspect shows that the new students
get the highest score (Dong, Chai, Sang,
Koh, & Tsai, 2015). This thorough
discussion indicates that the average
students’ literacy index obtained is still at
the moderate level and even very close to
the low literacy level in the range of 1.01 -
2.00. This does not fully reflect how the
implementation of the learning is done
(Asyhari & Asyhari, 2017). Furthermore,
the development of students’ literacy index
in every aspect of literacy is shown in
Figure 1.
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Figure 1. Student Literacy Levels each aspect of science literation.

Figure 1 shows that the students’
scientific literacy index of each aspect has
increased from the first year to the third
year. The most significant increase
occurred in the concept aspect where the
first-year students gained a score of 1.00
while in the third-year students gained a
score of 2.97. which has the same value
with the index on the aspect of the process.
The smallest increase occurred in the
context aspect (0.85 from initial ability).
However, this can be masked by a
relatively high initial willingness of 1.71
(Supeno, Supeno, Subiki, & Rohma,
2018). The next smallest increase was in
the attitude aspect that increased by 1.11
from the initial ability into 1.11. Overall, it
can be seen that the lesson learned can
significantly improve the student literacy
index. Especially in the concept and
process aspects which shows the increase
of 1.97 and 1.22 from the initial capability.
Based on the data, it can be described how
the learning process was undertaken to
improve student conceptual understanding
(Connor et al., 2017).

CONCLUSION

Student literacy skills related to the
application of physics concepts on wheel
and chain and spring material have
improved along with the learning
experience. Both on the whole and on the
literacy aspect, students' scientific literacy

skills increased significantly. A high level
of improvement occurred in the conceptual
mastery  aspects reaching threefold
compared to the students’ ability in the
first year. While the lowest increase
occurred in the aspects of content that is
only 85% compared to the first year.
However, this is covered with a high initial
ability. The overall level of student literacy
Is at a moderate level (years 1 - 3) with an
index of 2.02 on a scale of 0 - 4. This can
indicate that the level of students’ literacy
still needs to be improved.
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Abstract: This study aimed at identifying how did the improvement in the problem-solving ability of learners
work in improving the ability of learners in constructing the materials obtained after the development of
LKPD (Learner’s Worksheet) in classroom learning. This research used Research and Development (R &
D) approach using the Kemp model. Data collections were done through problem-solving tests, validation
analysis, and correlation test. The indicators of this study included the effectiveness of the developed
learner’s worksheet and the increased ability of problem-solving that was seen from the learning results
obtained. The results showed that the average increase in the learning outcomes of the learners was equal to
79.44 with a difference in the scores of learning outcomes where teunt = 32.806 > tinie = 1.734, with a
significance level of 0.000. Also, the improvement of learning outcomes on the response of learners gives
significant influence with a score of 0.338 with a significance level of 0.085. Based on these results the
development, the problem-solving oriented students’ worksheet is declared valid and effective based on the
results of validation tests by experts and the results of the implementation of classroom learning. These
results impact the students’ learning outcomes. It is expected that in the learning process with different
materials, the worksheet can be applied in improving students' ability to solve problems. It is suggested for
a research to collaborate the worksheet with other models and, media that can be linked to the problem-
solving aspects, so that in its implementation, students have the confidence to succeed, be more active, and
interested in problem-solving given.
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INTRODUCTION

Physics learning is a subject that
requires quite a lot of relatively high
intellectualize so that most learners have
difficulty in learning. They assume that
physics learning is a fairly difficult lesson
because it requires not only mathematical
calculation but also the understanding of
concepts (Keller et al., 2017). Therefore,
the researchers apply problem solving-
oriented learning model.

Some research results in various
countries such as Sweden and Japan show
that the average implementation of
learning that has been carried out is not
directed to the students’ critical thinking
and the ability to solve problems. This is

evidenced by the students’ inability to
connect material taught with the
phenomena that exist in their environment.
The students’ competence in the material
provided has not been maximally
achieved. Also, another thing that is very
influential is the use of strategies in
implementing learning tois make students
active without losing focus on the material
provided. These results are also consistent
with reports from the two countries which
explain that students whose teachers often
use a variety of approaches or strategies
have a higher level of achievement on
problem-solving compared to teachers
who only explain in conventional ways
(Asami-Johansson, 2015).
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Based on the elaboration of the findings
in the two countries, Indonesia is facing
similar problems. It can be seen at the
research site that in the implementation of
learning in schools, the teacher only
implements learning by explaining the
material without carrying out the
collaboration of various learning strategies
and media, thus impacting the
competencies possessed by students. The
matter gives a change in mindset for
students towards the willingness and
interest in participating in the lesson.

In overcoming the problems that exist
in the classroom, there needs to be an
implementation of learning that is oriented
towards problem-solving. The ability to
solve problems within certain limits can be
established through the field of study and
the disciplines. The issue of how to teach
‘problem solving” will never be overcome
without considering the type of problem to
be solved, suggestions and forms of the
program prepared, and a student's innate
variables. Similarly (Ceberio & Franco,
2016) explained that the problem solving
oriented learning process could improve
the ability of students to make hypotheses
and analyze the results of the practice
found.

Problem-solving strategies, in
principle, use real-world problems as a
context for learners to learn about critical
thinking and problem solving and to
acquire essential knowledge and concepts
from the subject they learn. Darma
(2018) states that in carrying out a learning
using problem solving-oriented learning
model that directs the learning outcomes
on problem-solving abilities, it is possible
for students to be able to describe
information in accordance with their
abilities and skills in processing the
information obtained.

In according to (Purnamawati,
Ertikanto, & Suyatna, 2017) stated that the
process of learning with the teacher is a
series of reciprocity between student
activities and teaching activities. In order

for the learner’s learning process to be
effective, the teacher must act as a
facilitator that provides an environment for
the learning process to take place
effectively and efficiently. To be a good
facilitator, the teacher must master the
concepts and principles of the learning
process. While (Fathurrahman et al., 2018)
and (Kahar, 2017) stated that in physics
learning activities, teachers rarely train
learners with skills. Practical activities are
also rarely done on the grounds of limited
time to learn conceptually and inadequacy
of laboratory facilities and infrastructure,
so the potential ability of learners is less
trained.

When the development of learners’
potency, especially their creativity of
thinking during learning, is not optimal, it
will result in learning that is not optimal as
well. Therefore, a real effort is needed, one
of which is to improve the learning process
that occurs in the classroom through the
use of different learning models and
approaches. Thus, it needs a strategy that
includes aspects of the development and
implementation of tools or learning media
to improve interest in learning and increase
its outcomes (Kahar, 2018).

This strategy and development show
students that every subject of physics is
necessarily a way of thinking they must
understand, not just by letting them learn
from the teacher or the book, but the
teacher must provide for them an
opportunity to apply the knowledge they
have in the real world. One of the learning
tools developed is the learner’s worksheet
(LKPD) which supports to develop the
strategy of problem solving-oriented
learning. Similarly (Rahayu et al., 2017)
explained that the implementation of
students worksheet in learning oriented to
various learning methods could improve
some aspects of students' abilities such as
learning motivation, and classroom
learning activities.

This is in line with (Kahar et al., 2018)
which explained that a learning approach
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using a worksheet could construct learners'
understanding. The construction of the
worksheet development is classified into
five stages including clarification of
issues, opinion disclosure, evaluation and
selection, implementation, and creative
performance. (Noor et al., 2017) Also
stated that the development of learning
tools could show the improvement of the
ability of learners determined by the ability
to think, especially to solve the problems
of life they face. Furthermore (Powell et
al., 2017) stated that the use of learning
media  could provide cognitive
implications for students in improving
problem-solving abilities.

This problem solving-oriented learning
strategy can be a good solution for learners
in dealing with physics lessons. The use of
a model or method of learning by the
characteristics of the material taught
allows teachers to communicate well with
learners and add their insight thinking, so
they can learn the whole concept well
(Fitriah, 2013). Similarly, (Tanti et al.,
2017) expressed that the use of various
models of learning that focus on the
formation of models and media in physics
learning through contextual problem
solving can provide opportunities for
learners to actively engage in problem-
solving, and can assist them in developing
learning media and other media related to
the subject of physics.

One of the models and learning
approaches that can make learners become
more active and grow their meta-cognition
skill, learning think mathematically, and
interest in learning is by using the Problem
Solving model (Schoenfeld, 2016).
Similarly (Putri et al., 2017) stated that the
development of learning-oriented critical
thinking skills could improve the ability of
students in problem-solving for the
material  being taught and the
implementation of these learning runs
effectively and efficiently.

This allows the learners to follow
physics learning more contextually, can

apply the concept well, to absorb learning
carefully (Kahar, 2018). Also, the learning
process that uses worksheets can provide
more contextual learning related to the
daily lives. The implementation is
expected to be able to have an impact on
students in improving their learning
outcomes (Barniol & Zavala, 2016)

The development is also focused on the
subject of fluid that can support more
dominant discussion about materials
related to the learners’ daily life. Firdaus &
Wilujeng (2018) explain that the
development of inquiry-oriented
worksheets was able to improve the
students’ ability and also able to improve
students' critical thinking skills in solving
the given questions. This can also have an
impact on the learning activities carried
out by students during learning.

Based on the above description, it is not
appropriate to teach the subject of fluid or
other materials that were collaborated into
applicative aspects of learning solely by
lecturing methods in the classroom. It
should be taught by inviting learners to
observe what they will learn and
understand why the material is essential to
them. Therefore, the purpose of this study
was to evaluate how does the improvement
of the problem-solving ability of the
learners work after the development of the
problem solving-oriented worksheet. In
according to (English, Hudson, & Dawes,
2013) stated that the problem-solving
process was able to construct students'
skills in collaborating with the context of
knowledge that was obtained.

Based on the results of the research
stated above, the implementation and
development of a learning media by
applying an approach can provide
significant results in improving learning
outcomes. Still, based on the previously
mentioned research, there has not been any
development of worksheets that are
oriented to the students’ ability to solve
problems. Therefore, the researcher
intends to develop a worksheet that is
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problem-solving oriented because in
physics learning, especially in the fluid
material, it is possible to stimulate the
students to solve every problem stated in
the worksheet.

Therefore, the achievement of the
above-mentioned research objectives,
students are expected to be able to identify
models, methods, and strategies that were
applied in every classroom learning, in
order to improve their achievement and
learning outcomes during the learning
process. Also, they are also able to
understand better the material obtained
with the help of models, methods or tools
in the form of LKPD applied in learning.

Inziructional
Resources

Instructional
Deliverv

Instructional
Sirafesies

Suppori Services

Planning

Revizion

Inziructional Problems

Formative

Project Mamagement

METHOD

The research method employed is
research and development (R & D), where
the design of research and development of
learners’ worksheet was done by referring
to the development of the Kemp model.
This development model consisted of
several stages are (1) identification of
learning problems, (2) material analysis,
(3) analysis of specific learning objectives,
(4) designing learning strategies, (5)

establishing learning methods, and (6)
developing evaluation instruments(Kemp,
1995). The revision stage can be done
based on advice's given as stated in figure
1.

Leaner
Characteristics
Instructional
Obiectives

Contant
Seauencine

Figure 1. The cycle of development of the kemp learning model worksheet

This research was conducted at SMA
Muhammadiyah Al-Amin, Sorong. The
sample was 18 students of the second
semester of the eleventh grade of Class XI
MIA. The number of the samples was quite
small since the overall students of the
school were also limited.

The instruments used to collect the data
in this study were the expert validation
sheet and the problem-solving test. The
expert validated the developed worksheet.
The results of the validation can be in the
form of suggestions and opinions which

then be used to revise the worksheet. There
were two validators consisted of lecturers
and  practitioners  (teacher).  The
instruments used to collect data are as
follows:

Expert Validation

Expert validation was used by the team
of validators to validate worksheets and
research instruments that had been
designed. The result of this validation was
in the form of validators’ suggestions and
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opinions were used to revise such devices
and instruments.

Problem-solving test

To identify the achievement of the
physics learning of learners, they were
given a multiple-choice test. This multiple-
choice test consisted of 20 items that were
used after the research to the same class
(Suharsimi, 2006). It was intended to
identify the achievement of the problem-
solving skills of learners by referring to
their physics learning outcomes after being
taught using a problem-solving worksheet.
Also, the achievement of learning they
obtained, once collaborated on their
responses, was analyzed wusing a
correlation test.

To analyze data of the development of
problem  solving-oriented  worksheet,
descriptive statistical analysis technique
was used. The data analyzed were:

Data analysis based on
validation

Data that had been validated by experts
were analyzed by considering their inputs,
comments, and suggestions. The results of
the analysis were presented as guidelines
for revising the worksheet used in the
study.

Activities carried out in the process of
analyzing the validity were by finding the
total mean of the mean of (X) for all
aspects using the formula of

_ XjniA

X S (1)

n

experts’

Information:
XThe = total mean of all aspects

A; = mean of the i"" aspect
n =amount of aspects
Furthermore, the total mean (X)

was assessed based on the interval rate
determined as follows:

35 <M <4 Veryvalid

25 <M < 3.5Valid

1.5 < M < 2.5 Quite valid

M < 1.5 Not valid

The criteria used to decide that the
learner's worksheet had a sufficient degree
of validity were, among others, the mean
value of validity for the overall aspects was
at least being in a valid category.
Otherwise, a revision was necessary to do
based on the suggestion of the validators or
by reviewing the aspects that were
considered to be lacking.

RESULTS AND DISCUSSION

The results of the research are (1)
Analysis of expert test on the learner’s
worksheet; and (2) Field test analysis.

The initial product developed is a
learner's worksheet (Figure 1) in physics
learning at SMA Muhammadiyah Al-
Amin. Before trial, it is necessary to
validate by experts by the field of research
to validate the resulting product.
Validation is done by providing an initial
draft of the learner's worksheet with an
evaluation sheet for each physics expert
and teacher. An evaluation sheet is a
questionnaire that contains aspects of
assessment and quality, suggestions, and
comments from experts and teachers of
physics of SMA Muhammadiyah Al-Amin
about the worksheet. The results of the
evaluation are in the form of values of the
aspect of the quality of the learning
worksheet by using scale 1 to 4.

This developed worksheet has received
feedback from some experts so that it can
be more qualified and achieve the expected
goals. The assessment developed includes
four main elements.

The four elements include Format,
Content, Language, and Benefits/
Usability. The experts in the assessment of
the worksheet developed are (1)
Rahmatullah Bin Arsyad, S.Pd., M. Pd
(Lecturer of Muhammadiyah University of
Sorong) and (2) Nurlia Malawat, S. Si
(Physics Teacher). The data presented are
the result of the experts’ assessment of the
worksheet product that was developed.
The results so vary according to the
assessors. The assessment presented in
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order to see how far the quality of the
product was developed. Firstly, the format
shows that the mean score obtained is 3.75.
When viewed from the rating category
described in the previous section, then the
mean score is included in the category of
‘Very Good.” Secondly, the content shows
that the mean score earned is 3.5 then the
mean score is considered as ‘Very Good.’
Thirdly, Language shows that the mean
score earned is 4.0 then the mean score is
in the category of ‘Very Good.” Fourthly,
Benefit/Usability of the worksheet shows
that the mean score earned is three then the
mean score is categorized as ‘Excellent’.
More details were seen in Figure 2.

4,5
4
3,5
3
2,5
2
1,5
1
0,5
0

R
v = Validator 1
® Validator 2

average

Figure 2. Experts’ validation chart

The results of the scoring data obtained
from the experts can show that the
worksheet product belongs to the category
of ‘Very Good.” This proves that the
experts averagely give a high assessment
of the developed worksheet product.
Therefore, it concluded that the
development of student worksheets in
SMA Muhammadiyah Al-Amin, Sorong,
can be used for every trial conducted. This
is consistent with research by (Alina et al.,
2016) who explained that validation of the
worksheet has an impact on the learning
outcomes of the students in the classroom.

The result of the normality test of the
learners’ outcomes seen in figure 3.

Histogram
Dependent Variable: HB

Mean = 2 22E-16
Std. Dev.=0,970
N=18

6= —

Frequency
i

E4 ERRREN

2 1 1 2

Figure 3. Normality test chart

The figure above shows that the results
obtained by the learners when following
the learning process have a normal
distribution. Based on these data, the
results of the descriptive analysis done
show that the score obtained by the
learners in following the learning on the
Fluid subject showing the results of
problem-solving is 79.44. This indicates
that the learners, averagely, can understand
the learning materials when a problem-
solving-oriented learning process s
implemented based on the process of
practicum in the classroom and the
laboratory.

This is also supported by another
research by Seyhan (2015) that shows the
students' problem-solving abilities are very
dependent on the perception of the subject
matter that has been learned. In addition,
with the improvement of the ability, the
students are able to be more active in
honing their thinking skills caused by the
application of good learning methods. The
results of the descriptive analysis indicate
that the scores of problem-solving of the
learners are as shown in table 1.
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Table 1. Descriptive analysis of the scores of
problem-solving of the learners

N 18
Mean 79,44
Median 80,00
Modus 65,00
Standard Deviation 10,27
Skewness 0,12
Minimum Score 65,00
Maximum Score 95,00

This analysis proves that the
achievement of the results obtained by the
learners during the learning of physics in
the classroom experienced a significant
improvement with the maximum score of
95 and the minimum score of 65. The
results of t-test done using one sample tests
how that the score of tcount = 32.806 > tiapie
= 1.734 with the significance degree of
0.000. Those show that the development of
learners' worksheets affects improving
problem-solving  skills. The results
obtained agree with (Sadipour et al., 2017)
explaining that the oriented learning model
of students' academic performance was
able to provide better learning
achievement, motivation, and problem-
solving abilities.

In addition to the analysis mentioned
above data, simple regression test results
between students' learning outcomes and
their responses in the next learning using
worksheets can describe as well. This
shown in Table 2.

Table 2. Correlation Test between Learning
Outcomes to Student's Response
Outcomes Response

Pearson Outcome 1,000 0,338
Correlation  Resnonse 0,338 1,000
Sig. Outcome - 0,085
(1-tailed)  Response 0,085 -
N Outcome 18 18
Response 18 18

From the table above, it can be seen that
the score of learning achievement and the
response of learners obtained have a
significant correlation to the response of

learners  with  Pearson  correlation
coefficient of 0.338 and significance level
of 0.085. These results indicate that the
level of achievement of the development
of problem solving-oriented learner's
worksheet shows a significant
improvement in the implementation.
Similarly (Barniol & Zavala, 2016) who
explained that understanding to students
could be improved through worksheets, to
produce active learning. On the other hand
(Stozhko et al., 2015) also suggests that
project-based learning can develop
students' problem-solving skills which are
assisted by the use of learning media such
as using worksheets, IT and so on.

Compared to other countries, such as
Japan, the advantages in applying
problem-solving learning by collaborating
with various methods or approaches in
implementing learning include: (1)
students are more active and often express
their ideas; (2) students have the
opportunity to use their knowledge and
skills extensively; (3) this method can give
low-achievement students the opportunity
to respond in their own way; (4) students
are motivated to take lessons and (5) build
a desire to find a problem (Asami-
Johansson, 2015). In addition, the results
of the study by Seyhan (2015) reveals that
at the level of perception of problem-
solving abilities, other process skills, and
logical thinking abilities are more effective
in compared to another conventional
teaching methods. In addition, the learning
outcomes obtained by students towards
problem-solving  abilities are quite
significant.

On the other hand, these results prove
that the response of learners has a
significant relationship with their learning
outcomes in which their ability to solve
problems has increased. This is also
supported by (Fhadhila, Ertikanto, &
Rosidin, 2018) which stated that the
learner’s worksheet effectively improves
the average of the learning outcomes, in
which the achievement of the development
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objectives is in the category of ‘Good’.
This is seen from the feedback given by the
learners during the learning process with
the results indicating a linkage to the
effectiveness of the development of the
worksheet.

Based on the results of the analysis of
the data obtained, it found that the
achievement of the learning process in the
class got good results. This can be seen
from the aspect of the device used. The
achievement in question is to develop a
valid, practical, and effective worksheet.
To know the validity, each worksheet was
assessed by two people. The results of the
assessment of the two validators show that
from the worksheet used in the developed
learning, it was concluded that the
worksheet is valid and practical.

The validity was illustrated by the
results of the assessment of two validators
where the developed learner’s worksheet
meets the criteria of validity with the
average value of validity of 3.68 and is in
the category of ‘very valid.” This shows
that from the aspect that was assessed and
measured in the implementation of
validation, it was seen that the learner’s
worksheet used is suitable for use in the
learning process, so it was expected that
this validation would have an impact on
the improvement of learners' learning
outcomes. In according to (Alina et al.,
2016) the validity of worksheets provides
a good response in the implementation of
the learning process in the classroom.

The scores obtained indicate that the
learners while following the lesson
responded positively and were interested
in the implementation of the learning
process using problem solving-oriented
worksheet in the classroom. Differences in
the results obtained were due to the
previous learning process different from
the process of learning-oriented problem
solving using the learner's worksheet,
where each learner shows considerable
interest in solving the problem. This is in
line with research conducted by (Khairani

& Febrinal, 2016) which stated that testing
the potential impact of the use of learning
media can provide convenience to learners
in understanding the lesson in the
classroom.

The application of the oriented learning
process enables the learners to be able to
implement the results obtained and
connect each learning material with daily
life. In addition, it also describes the level
of ability of learners in completing the
problem-solving test, where the results of
the testability of learners obtained on
average are in the category of
completeness, but the minimum score
obtained learners fall into the category
does not reach the minimum mastery
criteria (KKM) which became the basis of
the assessment of learning outcomes.
There were just four students who can
obtain that score. This indicates that there
is still a small percentage of learners who
still need special treatment in the learning
process. In according to (Keller et al.,
2017) stated that teachers must have
pedagogic abilities in delivering material
contextually to increase motivation and
learning achievement.

Guidance and interest in the
implementation of physics learning need to
be encouraged again to improve their
abilities. On the other hand, according to
(Rahayu et al., 2017) the development of
problem solving-oriented learning strategy
using a worksheet can be a new model for
learners in developing their thinking skills
and honing other skills. This strategy
encourages them to think more creatively.
Therefore, learning based on problem-
solving aspect and development of the
learner’s worksheet which is carried out by
the process of practicum able to train
learners to construct their knowledge and
investigate a concept, as well as able to
reflect the concept that was understood.

This is in line with the statement of
(Puspitasari & Munawi, 2018) which
explained that the implementation of an
approach, method, and model of learning
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could stimulate changes in the mindset of
learners in solving the problem. Similarly
(Lan, Hsiao, & Shih, 2018) explained that
the implementation of a design in learning-
oriented towards the use of instructional
media was able to provide meaningful
learning for students. Furthermore (Kahar,
2017) also explained that the problem-
solving ability could give impact to the
students in their ability of mathematical
thinking in solving problems in their
everyday life.

In according to (Panaoura et al., 2017)
explained that problem-oriented learning
could improve student learning outcomes
and can also help improve understanding
of physical concepts. On the other hand
(Diani, Yuberti & Syarlisjiswan, 2018)
explained that learning based on problem-
based learning could provide positive
interaction for students so that the learning
process carried out by students can run
effectively, efficiently and be able to
understand the material being taught.
Another result of research (Amin &
Mahmud, 2016) also explains that the
development of a learning media through
visual media or worksheets were able to
have a significant impact on improving
students' problem-solving abilities which
include concept map ability and
mathematical abilities.

CONCLUSIONS AND SUGGESTIONS
Some conclusions can be made based
on the results of the research: the
development of problem-solving oriented
student worksheets is declared valid and
effective based on the results of validation
by the experts and the results of the
implementation of classroom learning.
Furthermore, in learning by using
problem-solving oriented worksheets, it is
obtained the average learning outcomes of
79.44 with the results of the analysis of
tcount = 32.806 > ttable = 1734 Wlth the
significance degree of 0.000. On the other
hand, in the implementation of worksheets
oriented to problem-solving shows the

influence on students' responses to
learning with a score of 0.338 with a
significance level of 0.085.

The implication by these results has an
impact on improving student learning
outcomes so that it was expected that
learning process with different materials
can be applied in improving students'
ability to solve problems. It is expected
that in the learning process with different
materials, the worksheet can be applied in
improving students' ability to solve
problems. It is suggested for a research to
collaborate the worksheet with other
models and, media that can be linked to the
problem-solving aspects, so that in its
implementation, students have the
confidence to succeed, be more active, and
interested in problem-solving given.
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Abstract: This study aims to produce virtual laboratory interactive learning media that is effective and
practical for the subject of physical optics. It uses the Research and Development (R & D) method. The
material in the learning media includes dispersion, diffraction, interference, and polarization. Users of this
product can be directly involved in observing, measuring and taking practical data. Product development has
been validated by material expert, media expert, and practitioners (teachers). This product has also been
tested in one-to-one, small groups, and field trial. Based on the results of the assessment by material expert,
media expert, teachers, and field trial, this learning media software is categorized as “excellent” with a value
of 4.63 for validity, “medium” with an n-gain value of 0.37 for effectiveness, and “excellent” with a value

of 4.49 for practicality.
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INTRODUCTION

Physics as a branch of natural science
basically aim to study and provide
information  about  laws, theories,
principles, facts from various natural
phenomena. Common constraints in
physics learning are that students required
to master concepts, formulas and
calculations, graphs and diagrams, and
practicum  presented  simultaneously
(Liliarti & Kuswanto, 2018).

The aforementioned learning process is
strongly supported by the activities in the
laboratory. Experimental physics learning:
(1) is a core component of physics as a
discipline (Wilcox & Lewandowski,
2018); (2) can train student skills in
problem-solving in accordance with
learning in the classroom (Danielsson,
2014); and (3) can increase the activity and
learning outcomes of physics (Poniman,
2016). Physics experiment activities also
make teachers able to observe student
learning behavior in paying attention,
understanding concepts, understanding

procedural instructions, and measuring
experimental results (Purba & Hwang,
2018). Thus, physics experiments or
practicum contributes to realize a
successful physics learning. The success of
learning activities in this laboratory must
be supported by the selection of the right
tools and materials (Bernhard, 2018).

Based on the results of observations in
the field, the supporting components of
laboratory-based physical optics learning
are still inadequate. This observation was
carried out in five high schools in the
Semarang City of Indonesia. The low level
of physics learning activities especially the
subject of laboratory-based physical optics
is due to (1) inadequate equipment
availability; (2) unavailability of materials;
(3) lack of laboratory personnel at schools;
(4) longer working time in labs compared
to the time for conventional learning; and
(5) difficulties in visualizing abstract
physics concepts.
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THEORETICAL FRAMEWORK

Limitations and constraints on the use
of laboratories as a place for experimental
activities or practicum can be solved by
using other learning strategies, one of
which is to wuse computer media.
Computers can be used as learning support
media because they are able to do: (1)
simultaneous presentation, processing, and
calculation of data (text, numeric, image,
audio, visual); (2) program data into
interactive and animated simulations. This
potential is wvery supportive in the
development of teaching aids and physics
learning media in the form of multimedia
software  containing audio, visual,
simulation, and interactive animation.

The use of computer simulations
contributes positively to the success of
physics learning (Amadeu & Leal, 2013);
Virtual lab experience and computer-based
visualization allow students to interact
with scientific concepts that are difficult to
observe directly (Chiu, Dejaegher, &
Chao, 2015); it makes learning interesting
and allows students to actively manipulate
graphical visualization of complex
phenomena (Moser, Zumbach, & Deibl,
2017); and provides opportunities for
students to plan, organize, and control
learning with a high level of flexibility
(Arista & Kuswanto, 2018). Modeling and
simulation of laboratory experiments can
help students overcome obstacles in cost
(Ahmed & Hasegawa, 2014), time, and
security (Kurniawati & Fatisa, 2016).
Through interviews, students positively
think about their experiences in virtual lab-
based learning (Asiksoy & Islek, 2017).

The positive impact of computer use as
a physics experimental media simulation
(virtual lab), among others, is able to: (1)
improve students’ ability to understand
basic science (Escobar, Sanchez, Beltrén,
La Hoz, & Gonzélez, 2016); (2) improve
students' abilities in planning and
implementing problem solving solutions
(Gunawan, Harjono, Sahidu, & Herayanti,
2017); (3) improve scientific literacy

skills(Jannati, Setiawan, Siahaan, &
Rochman, 2018); (4) support distance
learning (Gonzélez, Escobar, Sdnchez, De
La Hoz, & Beltran, 2017); (5) make
practical activities cheaper and can help
teachers explain the concept of electronic
circuits (Emhadelima, 2015); and (6) make
learning time more efficient, support
independent learning, and can be used to
measure mastery of material (Masril,
Hidayati, & Darvina, 2018). The students
stated that they were learning faster, more
interesting and fun (Unli & Dokme,
2015).

Based on the field study and the
literature above, it is necessary to develop
a Virtual Laboratory Learning Media for
Physical Optics. Researchers chose the
subject of physical optics because in this
material, there are several abstract
concepts and facts from field studies.

METHOD

Need Assessment

Design of Learning

Media Development

Product Evaluation

Product: Virtual Laboratory Learning
Media for the Subject of Physical Optics

Figure 1. Development Procedure of Virtual
Laboratory Learning Media for the
Subject of Physical Optics.

This type of research is Research and
Development (R & D), therefore this
research is product oriented. The product
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developed was in the form of Virtual
Laboratory Learning Media for Physical
Optics for high-school students of XII
grade. The development procedure in this
study is explained in Figure 1.

The data obtained are qualitative and
quantitative data. Qualitative data is
obtained from questionnaires given to
material experts, media experts, teachers
and students. The number of students
involved was three students at the one-to-
one test stage, 12 students in the small-
group test stage, 38 students for the
experimental group, and 38 students for
the control group.

Qualitative data is used to obtain the
validity and practicality of the product.
Quantitative data is obtained from test
scores in the form of multiple choices.
Quantitative data is needed to test the
effectiveness of product implementation.
The instruments used were questionnaires,
interview  guides, student activity
observation sheets, and test questions. The
research data is also sourced from
suggestion notes about product quality.

The quantitative data analysis technique
used in this study is descriptive statistics
with the criteria of “excellent”, “very
good”, “good”, “fair”, and “poor” which
are converted into quantitative data on a
scale of 5 starting from 1 up to 5. The steps
in analyzing data include: (a) collecting
raw data, (b) scoring, and (c) conversions
shown in Table 1.

Table 1. Assessment criteria
Value Criteria

Value Interval
X >(Xi + 1.8Shi)

A Excellent

B SeY(Xi +0.6Shi)< X< (Xi + 1.85bi)
(Xi — 0.6Sbi)< X < (Xi +
c Good 0.65bi)
. (Xi — 1.8Sbi)< X < (Xi -
D Fair 0.65bi)
E Poor X < (Xi—1.8Shi)

The indicators of the success of product
research developed are: (1) valid if the
results of the evaluation from the validate
get the minimum criteria of “good”; (2)
effective if the N-gain value is in the
”medium” category; and (3) the practical
results of the validate’s assessment
obtained at least ““good” criteria.

RESULTS AND DISCUSSION
Results

The contents of this product are not only
for virtual laboratory applications but also
for providing theoretical material equipped
with images, animations, and videos. It
aims to enable students to learn
independently. Virtual laboratories are
designed to be interactive virtual
laboratory simulations so students can be
directly  involved in  observation,
measurement, and data collection of
virtual lab results.

The main menu contains Learning
Obijectives, Materials, Virtual labs, and
Evaluations. The main material consists
of: (1) Dispersion, (2) Diffraction, (3)
Interference, and (4) Polarization. In each
material menu, there are sub menus: (1)
Introduction, @) Materials, 3)
Simulations, (4) Videos, and (5) Quizzes.
Examples of this page display are shown in
Figure 2.

®

MEDJAPEMBELAJARAN INTERAKTIF

OPTIKA FISIS -~ INTERFERENSI

Mengapa bulu burung kolibri dan burung merak tampak berkilauan
- Wwarna-warni ?

Figure 2. The display of the material menu
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The virtual laboratory menu contains
(1) Light Dispersion on the Prism, (2)
Single-Slit Diffraction, and (3) Double Slit
Interference (Top View), and (4) Double
Slit Interference (Side View). An example
of a virtual laboratory page is shown in
Figure 3.

SIMULASI INTERFERENSI CELAH GANDA YOUNG

Figure 3. Virtual Laboratory page for Double slit
Interference

Evaluation contains two random
questions. Each package has 20 multiple-
choice questions. The opening page for
evaluation is shown in Figure 4.

.............

EVALUASI Lab Maya Optik Fisis

s T Ot 217 0 0o || g
| T 78 5o 2007 | [| &
Saal No. 3 .G

Interferensi antara dua berkas cahaya menghasilkan pola
terang jika selisih lintasan kedua sinar merupakan

A. kelipatan bulat dari panjang gelombangnya
B. kelipatan ganjil dari ] g nya
C. kelipatan bulat dari setengah g gelombangnya

D. kelipatan ganjil dari setengal bangnya

E. kelipatan ganjil dari seperempat panjang gelombangnya

Figure 4. Evaluation Opening Page

The average pre-test, post-test, N-gain
values of the one-to-one and small-group
trials are shown in Table 2.

Table 2. Results of one-to-one and small group trials

Group Pre-test  Post-test n-gain
One-to-one 3,33 16,67 0,80
(80,41%)
Small group 3,00 13,67 0,63
(63,35%)

The mean values of the pre-test, post-
test, and n-gain of the experimental and
control groups are shown in Table 3.

Table 3. Field test results

Group Pre-test  Post-test n-gain
Experiment 3,29 13,34 0,37
(36,94%)
Control 3,16 10,39 0,27
(26,54%)

The average n-gain of the experimental
group and the control group in the medium
category. This data is shown in Figure 5.

10,0 83 8,7

* |—.
0,0

Pre-test Post-test N-Gain

Concept Mastery (%)

‘ 8 Control B Experiment ‘

Figure 5. Comparison of Average Scores of Pre-test,
Post-test, and N-gain Concept Mastery for
Both Groups

The results of the normality test are
shown in Table 4.

Table 4. The resultof the normality test of data
concept mastery

Group xzcoum xztable Conclusion
Experiment: Normally
N-gain 2.111 7815 distributed
Control: Normally
N-gain 1058 7815 ictributed

The homogeneity test is carried out
using the F test (equation of two variants).
This data is shown in Table 5.

Table 5. The result of the homogeneity test of data
concept mastery

; Variance
Variance of of
Experimental Feount Fuwbe  Conclusion
Control
Group
Group
The sample
103.05 102.08 1.01 1.85 \r:arlance isina
omogeneous

state

The technique used in this hypothesis
test is a parametric statistical technique (t-
test). This is because the data from both
groups are normal and homogeneously
distributed. The results of the hypothesis
test analysis are shown in Table 6.
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Table 6. The hypothesis test results of student concept
mastery with t-test one tail of both groups

Aspect s teount table Conclusion

Hypothet

11.447  0.009 Ho accepted

N-gain 1.6657

Table 6 shows that the results of
hypothesis testing with a one-way t-test (t-
tailed) are tcount<ttavle. This shows that there
are significant differences between new
and old teaching methods. New teaching
methods are more effective than old
teaching methods.

The results of the product validity
assessment are shown in Table 7.

Table 7. Results of product validity assessment

Aspects Validators Values Criteria
Feasibility Material 4.60 Excellent
of content expert

Teacher 4.88 Excellent

Feasibility Material 4.30 Excellent
of Expert

presentation  Teacher 4.74 Excellent

Average 4.63 Excellent

The results of the product practicality
assessment are shown in Table 8.

Table 8. The product practicality assessment results

Aspects Validators ~ Values  Criteria
Quality and Media expert 473 Excellent
reliability Teacher 476  Excellent
Ease of Use Media expert ~ 4.18 Very

good
Teacher 455  Excellent
. Media expert ~ 4.00 Very
Design/shape good
Teacher 4.80  Excellent
Influence on . 4.00 Very
Individuals Media expert good
Teacher 490  Excellent
Average 449  Excellent
Discussion

Interactive multimedia-based virtual-
learning lab in this study combines several
elements of interactive simulation,
learning material, and evaluation. The
products resulted from this study are
packaged in interactive learning CDs that
can be run directly or can be installed. This
product can function as an independent
learning media.

The average value given by material
experts and teachers on the validity of the
product is 4.63. Based on the results of this
assessment, it can be concluded that the
product meets the validity criteria with the
criteria of “excellent”. The average value
given by media experts and teachers on
product practicality is 4.49. Based on the
results of this assessment, it can be
concluded that the product meets the
practical criteria with the criteria of
“excellent”.

The results of the product assessment
through the one-to-one test are “excellent”,
there is an average increase in the post-test
score. This is indicated by a normalized
gain of 0.8 or 80.41%, so it can be
concluded that the increase in mastery of
concepts at the one-to-one test stage is in
the “high” category.

The results of product assessment
through small-group tests are “excellent”,
indicated by a normalized gain of 0.63 or
63.35%, so it can be concluded that the
increase in mastery of concepts in small-
group tests is in the “medium” category.

In the field trial stage, in the
experimental group, the product obtained a
“high” category with a normal gain of 0.37
or 36.94%, so it can be concluded that the
increase in mastery of the concepts in this
test was “medium”, while the control
group, without using the product, the
normalized gain value is 0.27 or 26.54%.
Based on the description, it can be
concluded that the product of this study is
effective.

In the research data, the experimental
group shows that through the help of this
product students easily understand
difficult and abstract concepts, as well as
physical optical material and this product,
can be used anywhere and anytime. This is
because the product is equipped with
interactive simulations and animations that
can visualize abstract concepts that
become more concrete so that the learning
process becomes more meaningful for
students.
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The characteristics that are the
hallmarks of this product are: (1) Learning
objectives, materials, labs, and evaluations
have been integrated into a single software
package; (2) Material contains the initial
menu, description of material, simulation,
video, and quiz; (3) The introductory menu
can be used as apperception learning and
pre-test; (4) Material is described through
full text and color images to attract
students’ attention; (5) Simulation in the
form of interactive and communicative
moving images; (6) In the material menu.
There are videos about material and
laboratory reviews; (7) The teacher can use
it as a learning media, which includes pre-
test, post-test, and evaluation; (10)
Students can use it as an independent
learning material and can repeat any
sections of the learning material they want;
and (11) This virtual laboratory can be
used anywhere and anytime.

While the weaknesses of this product
are: (1) cannot display objects in 3D; (2)
can only run on Microsoft Windows
operating systems; and (3) no usage
history.

Data from the mastery of students’
concepts in the experimental and control
groups were obtained from evaluations
using the same problem as many as 20
items. The mean pre-test values in the
experimental and control groups were
8.7% and 8.3%. It means there is no
difference in the mastery of concepts
between the two groups before the
application of the product. This is because
the two groups were evenly distributed,
and the two groups had never received
similar learning.

Both groups were given different
treatments. The experimental group uses
products, and the control group uses
lecture learning. The mean value of the
post-test experimental group was 35.1%,
and the control group was 27.4%. This
shows a significant difference in the
mastery of physical optics concepts. The
N-gain value of the experimental group

was 36.9% with the category “medium”
and for the control group was 26.5% with
the category “low”. Thus, mastery of the
concept of the experimental group students
with the application of virtual lab products
is higher than the control group.

The results of the observation showed
that students in the experimental group
were happier, more enthusiastic, more
creative and motivated. Observation data
indicates that students’ curiosity increased,
as evidenced by the increasing activity of
expressing ideas, opinions, or very
dominant questions, namely 93.1%. This
proves that the application of products in
learning has increased student learning
motivation.

Another thing that was found during the
observation was that the teacher’s role
declined in learning. So, the teacher plays
the role as a facilitator, directs and
motivates students in learning. In the
control group, it was found that student
enthusiasm tended to be lower than the
experimental group, this was seen in
expressing opinions, asking questions, or
doing practical activities.

The most significant difference
between the two groups is the duration of
lab activity. During the learning process,
the experimental group took less time than
the control group. This shows that the use
of media virtual lab learning is more
efficient in terms of time. Based on the
description above, it can be concluded that
the use of virtual lab learning media on the
subject of physical optics is more effective
and efficient.

Learning by using this product can
improve the mastery of students’ concepts.
The virtual lab learning media can
visualize  abstract  concepts  more
concretely so that the learning objectives
and learning processes become more
meaningful. With meaningful learning,
students will achieve learning outcomes
that are more optimal or better than before.
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CONCLUSION

Based on the results of the study, it can
be concluded that the product development
in the form of virtual lab learning media on
the subject of physical optics is (1) valid,
the average value is 4.63 with the category
“excellent”; (2) effective, N-gain from the
experimental group, which is 0.37 or
36.94% with the category “medium”; and
(3) practical, the average value is 4.49 with
the category “excellent”.
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Abstract: 5E learning cycle strategy was students center oriented learning model. The learning process
becomes more meaningful, which are prioritized authentic experience of students, made students become
actively participating, able to critical thinking skills and creatively. The phases of the learning cycle 5E
consist of engagement, exploration, explanation, elaboration, and evaluation. The purpose of the research
was increased learning motivation and conceptual understanding improved by discovery learning due to the
5E learning cycle strategy. The research was conducted at SMA Teuku Umar Semarang. The research has
used a qualitative approach. The type of research is classroom action research (CAR). The data analysis
technique used a percentage of the learning motivation and the students' understanding concept. The
percentage applied discovery learning by both of the first CAR cycle is 78% and the second CAR cycle is
92%. The conceptual understanding was shown better in the second CAR cycle. The effectiveness discovery
learning can be interpreted from the normalized gain. The score of the normalized gain is 0.52. The category
of the normalized gain is a medium gain. Students' motivation was increased by both the first cycle is 62%
and the second cycle is 82%. Based on the decision of the research, it can be concluded that the 5E learning
cycle process can influence increased students learning motivation and students understanding the concept
not only heat concept but also heat transfer concept.
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INTRODUCTION

Understanding  the  concept is
constructing meaningful of learning
message, either orally, in writing or
graphics in the learning process with
learning media. (Hutahaean, Harahap, &
Derlina, 2017). Physics lesson has the
potential course for made developing the
ability to understand the concept vehicle
(Mahardika, Faizah, & Indrawati, 2017).
The conceptual understanding  was
included in the cognitive process consist of
(1) to interpreting, (2) to point out, (3) to
classify, (4) to summarize, (5) to conclude,
(6) to compare, and (7) to explain
(Hutahaean et al., 2017) .

The critical thinking is one of the skills
that was developed. it can be seen from the
ability of conceptual understanding and
problem-solving. The student's ability in
problem-solving is built on an

understanding of a concept. (Hartono,
2013; Ulina, 2017). The identification of
the ability going to be developed in the
physics lesson which are (1) the ability of
scientific reasoning, (2) the ability to
interpret representations of science such as
images, equations, mathematical, and
graphs, (3) the ability of the scientific
process, (4) the ability to solve problems,
(5) communication skills (Ulina, 2017).
Based on the identification of some
ability in learning, then conducted a
preliminary study of the condition of
learning in class XI SMA Teuku Umar
Semarang. The method used observation
of student learning activities and
interviews. Observations by describing the
problems experienced, which are (1)
students were able to present a good level
of memorization of the objectives that it
receives, but in fact do not understand it;
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(2) students would not be able to connect
between understanding the concept of the
actualization of understanding of the
concept. (3) Students have difficulty
understanding the concept of physics.

Results of a preliminary study using
interviews to senior high school physics
teacher in class XI at SMA Teuku Umar
Semarang produce a description as
follows: (1). Students understand the
concepts being taught but the examination
isa low score, because of the mathematical
skills in physics solving is a low category.
(2). Students not only have the intrinsic
motivation in the good category but also
interested in learning physics. (3). Students
should be given in the form of extrinsic
motivation punishment so that students
interested in practicing tasks assigned by
the teacher. 4). Appropriate equipment,
physics lab in physics laboratory SMA
Teuku Umar Semarang in either category,
but the quantity of less practical tools
primarily on practical tools that are
fundamental.

Problems arise when expectations do
not match with reality (Sugiyono, 2017).
Identify the problem by observation of the
student and the teacher, the exposure of the
problems that occur in the classroom. in
general, there are two problems, which are
(1) conceptual understanding of students
was poorly, (2) active participation of
students in the learning process needs to be
improved. Many students learn physics
have misconceptions about the lesson,
even though before they starting to learn it.
Students should be able to both learn and
apply the physics concept in the daily.
Conceptual knowledge is a critical point
for the generation and selection of
appropriate  procedures in  solving
problems (Kola, 2017). Conceptual
understanding allows students to transfer
an explanation of the phenomenon to the
different situations (Kola, 2017).

Research needs to be applied an
ongoing classroom action to find a solution
to the problem of improving the quality of

learning  (Arikunto, Suhardjono, &
Supardi, 2017).  Teachers  should
familiarize students to think critically by
assigning them to experiment, to seek
explanations and finding solutions the
problems, and to make inquiries about the
matter to be discussed in the next section
to understand the concept (Hartono, 2013).
The  effectiveness, efficiency, and
standardization of teaching that is not
offset by the teacher in the learning process
make learning it does not achieve
maximum results. (Furoidah, Indrawati, &
Subiki, 2013). The physics course was
developed learning process according to
the scientific approach and interactive
learning (Ramdhani, Usodo, & Subanti,
2017).

The learning process in accordance with
the rules of the scientific approach focused
on the activity of students in the classroom
and interactive learning so that students
can actively investigating and scientific
attitude in solving the problem (Pratiwi &
Supardi, 2014). Science learning strategies
that develop in the 21st century has a
framework that combines content
knowledge, pedagogical knowledge, and
knowledge of technology according to the
scientific approach (Sarwi, 2016). Both
professional teacher and pre-service
teacher should understand and apply the
approach to the learning process, academic
content, pedagogical content, and
evaluation/assessment, which is imbued
with the essence of physics. Support and
demand for innovation have a relation to
the organization of learning and
organizational innovation (Hsiao, Chang,
& Chen, 2014).

Several factors can affect the quality of
learning innovations such as teachers,
students, learning materials, facilities,
learning management, student, and the
learning environment (Arikunto et al.,
2017). Some models were varied learning
can affect the motivation of students and
students' understanding of the concept, but
in fact, nowadays most teachers still use



Jurnal limiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 171-181 173

practical guide to learning with
conventional models, so that the learning
motivation and understanding of the
concept seen clearly the low category (Ali,
2018). Classroom action research required
of the application of alternative learning
models that can improve student learning
activities in an effort to improve
motivation and understanding of the
concept. which are (1) cooperative
learning, (2) inquiry learning, (3) problem-
based learning, and (4) project-based
learning, and (5) learning cycle (Diani,
2015; Indrasati, Indrawati, & Supriadi,
2014; Loibl & Rummel, 2014; Manalu,
2017; Schalk, Edelsbrunner, Deiglmayr,
Schumacher, & Stern, 2018; Siswandi,
2015). Learning cycle 4E and 5E learning
cycle and 7E learning cycle applied to
improve learning achievement, problem-
solving skills, and critical thinking skills in
secondary school and senior high school
levels (Hartono, 2013; Septiana, Harjono,
& Hikmawati, 2018; Supriyatman &
Amiruddin, 2014; Ulina, 2017; Wahyuni,
Syamsu, & Muslimin, 2013). Based on the
results of previous research, the invention
will be developed to measure not only
learning motivation but also students’
understanding of the concept. The initial
hypothesis that motivation to learn has a
correlation with students 'understanding of
the concept, the more strength of the
students’ motivation will have lots of
energy and enthusiasm to participate in
learning activities and obtain maximum
learning results actively. The learning
motivation is the driving force and
direction of student learning activities so
that the learning achievement of learning
can be achieved (Sardiman, 2012).
Therefore, discovery learning with 5E
learning cycle strategy is expected to
increase  students' motivation  and
understanding of concepts on temperature
and heat material. The learning methods

used which are a discussion,

demonstration, and practicum.

THEORETICAL FRAMEWORK
Learning Cycle

Model fun learning, student-centered
and  provide appropriate  learning
resources, one of the better model which is
the Learning Cycle (LC) (Wahyuni et al.,
2013). The learning cycle is a student-
centered model, the learning process
becomes more meaningful because it
prioritizes real experience, and formed a
student becomes active, critical and
creative (Wahyuni et al., 2013), The
phases of learning cycle 5E consist of
engagement, exploration, explanation,
elaboration, and evaluation (Sarac, 2018).
The phases of the learning cycle according
to Piaget learning theory and
constructivism learning theory because of
learning is the development of the
cognitive aspects of the learning objectives
is to enhance students' understanding. The
phases of the learning cycle process
require good scientific literacy (Ulina,
2017),

Science literacy used to develop
knowledge and understanding, to achieve
individual growth up and have a positive
role in the wider community (Sulisworo &
Sutadi, 2017), Use of the learning cycle
provides opportunities for students to
express their previous knowledge and the
opportunity to refute, debate their ideas,
this process results in cognitive imbalance,
thus developing a higher level of thinking,
and good approach to studying physics
(Supriyatman & Amiruddin, 2014),

Figure 1 shown that learning cycle is
one of the learning models with a
constructivist approach which initially
consists of three stages: exploration,
invention, and discovery. Three of these
stages is being turned into five stages
developed by Robert Bybee (Septiana et
al., 2018),
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Learning Cycle 5E

5. Evaluation

P 1. Engagement

4. Elaboration ———— 3. Explanation

2. Exploration

Figure 1. The phases of the 5E learning cycle

Learning cycle initially began as a
three-phase model of the invention, the
introduction of terminology and the
implementation of the concept, and then
expressed as 4E learning cycle consists of
engagement, exploration, explanation, and
extension. In subsequent years, has been
developed as a model 5E learning cycle by
adding additional evaluation phase by
science education researchers Boddy,
Watson, and Aubusson (Sarac, 2018),

The engagement phase, students
enthusiastic about the lessons to be raised
by providing daily physics phenomenon
that corresponds to the topic and asks the
students to argue about the phenomenon.
Students will explore to prove their
opinion about the physics phenomenon
depends on the Exploration phase. The
teacher presents a learning activity that
gives students real experience with the
concept of learning topics. Independence
of the students in exploring and prove the
hypothesis that they have made. The role
of the teacher only as a guide and
facilitator. Teacher as a facilitator in the
CAR should be aware of their role in the
classroom (Jan 2013),

The results were obtained from the
phase of exploration, it will be explained
students understand the concepts in this

phase. Teacher asks profound reason to
encourage students to explain what they
found. Meanwhile, in the elaboration
phase, students are going to build more
connections between what they know with
what they should have learned. In the
evaluation phase, students are evaluated to
assess how well students understand the
concepts of the lessons. Teachers assess
what students have learned in various
aspects during the learning process to
determine how well students understand
the concepts learned. Ratings are given
either orally or in writing to measure the
learning process (Tania & Murni, 2017),

Discovery Learning

Innovative learning approach had no
impact in the classroom for teachers to
follow the practical guidelines in teaching,
those teachers can design learning and
guided discovery learning using guided
discovery learning heuristic learning
(Janssen, Westbrook, & van Driel, 2014),
Implementation of discovery model of
learning can increase students ‘activity,
increase understanding of the concept, and
the students’ critical thinking skills, as well
as cognitive learning outcomes of students
(Maulidar, Yusrizal, and Halim, 2016;
Rosarina, Sudin, & Sujana, 2016). The
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teacher's role as a mediator and facilitator
in learning connected  with learning
innovations that have a relationship
between an organization's learning and
organizational innovation (Hsiao et al.,

2014),
The role of teachers in the model of
discovery learning as mentors by

providing opportunities for students to
learn participation actively, teachers can
guide and direct the learning activities of
students according to the learning
objectives(Purnomo, Mujasam, & Joseph,
2014), Conditions such as these want to

change the teaching and learning activities
are teacher-oriented to student-oriented.
Benefits guidance for  concept
discovery or invention situation has been
clearly demonstrated in the teaching with
discovery learning (Loibl & Rummel,
2014), Students are placed in self-
determined learning situations and asked
to find a model or concept underlying
problems. Learners need guidance during
this learning activity. Table 1 shows the
phases of discovery learning and 5E
learning cycle strategy (Hartono, 2013).

Table 1 Discovery learning process and 5E learning cycle strategy

No. Discovery Learning

5E Learning Cycle Strategy

1 Their problems are solved.

2 The adjustment to the level of students'

cognitive development.

3 Concepts or principles to be found by students
through these activities need to be expressed

and written clearly.

4 Must be provided the tools and the necessary

learning materials.

5 The composition of the class is set so as to
facilitate the free flow of thoughts student
involvement in ongoing learning activities.

6 Teachers give students the opportunity to
collect data.

7 Teachers gave the correct answer according to
the data and information needed by students.

Teachers identify students' understanding
concept before the learning process.

Teachers explain the purpose of teaching and
learning materials needed and motivate
students to engage in critical thinking in
choosing the solution of the problems faced.
Teachers guide students to determine and set
the tasks related to the problem.

Teachers support students to collect
appropriate information, conduct experiments,
and seek explanations and solutions to
problems.

Teachers guide students in designing and
preparing the lesson.

Teachers help students to share their work with
their peers, evaluate and compare their
understanding with their prior knowledge.
Teachers guide students to expand and reflect
on concepts learned

METHOD

The study is classroom action research
(CAR). CAR process taking place in four
phases consist of planning,
implementation, observation, and
reflection. The research experiment was
conducted in two cycles. The cycle or
repetition is not clearly done from
planning to reflection, but only the
implementation and observation phase
(Arikunto et al., 2017) see Figure 2. The
number of cycles depends on the outcome

of reflection and learning achievement
levels (see Table 5). The study was
conducted in class XI IPA at SMA Teuku
Umar Semarang, with a sample of 29
students of class XI. The research was
conducted during four meetings with the
allocation of one meeting time is a two-
hour lesson.

Each action consists of a series of four
activities: 1) Planning, the activity of
designing in detail what and how the
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actions to be taken. 2) The action is a core
activity in the CAR, the actions of at least
two cycles. 3) Observation is an act of
gathering information that will be used to
determine whether the action taken in
accordance with the plan. 4) Evaluation

and reflection are an activity undertaken to
determine the implementation shortfall
CAR (Arikunto et al., 2017). table 2 and
table 3 shown the description of the
activity.

Classroom Action Research

Planning Learning

Strategy |

The First Reflection

Planning Learning

Problem
Statement |

Problems Statement
Based on Reflection

Problem

» Learning = ) "
> Implementation ] Learning Observation
A J
Decision Making Data Collecting
= Learning =
> >

Statement |1

Problems Statement
Based on Reflection

Strategy I

The Second Reflection

|mplementation Learning Observation

Decision Making

Y

Data Collecting

Figure 2. shown that the phases of classroom action research which are problems statement, planning
learning strategy, learning implementation, learning observation, data collection, decision making,
reflection, and problems statement based on the reflection learning process.

Table 2. The first cycle

Cycle Stages

Description of Event

Plan 1.

Based on the problem formulation will be applied discovery learning with
demonstration method

2. Selected topics that correspond with the content that is the temperature, heat,
and heat transfer. (2 meetings consist of one meeting each cycle, and will
continue with the second cycle ) selected sub-subject for the first cycle is

black rules.

3. Creating RPP (study plan) was planned for the objectives in detail exposure.

A

Designed scenario execution of discovery learning improves in the first cycle.
Prepared physics course and instructional media will be used, as well as other

documents, such as attendance, experimental tools calorimeter, student
worksheets, study plan, student observation sheet, etc.

6. Designing instruments to observe the process of learning and learning
outcomes as well as a guideline to analyze.

Action

wnh N

Setting up a colleague to act as an observer, and help document the activity.
Taught for 2 meet physics class following by the objectives about black rules.
Learning optimized to fit the predetermined scenario.

Documenting (collecting documents student activities, and other documents)

and observe all the activities carried out in the learning process.
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Observation 1.

Reflection

Lo

Observations of classroom learning and response, as well as students using
instruments that have been prepared.

Ask colleagues to observe the process of teaching the teachers using the
observation sheet that has been designed.

Conducting formative tests to determine if the students understanding of the
concept using the course of the sub-tests the rules black, while the interview
is used to review the students' motivation and learning activity observation
students sheet student used to observe adherence to discovery learning. In the
first cycle, the observed aspect is to increase the understanding of the concept
which is characterized by an increase in the score of posttest students.
Collecting all the observations and analyze them.

Describe the learning indicator has been reached.

Based on the analysis of observations (both process and learning outcomes)
evaluating the learning indicator has not been reached.

Knowing the shortcomings of the application of the discovery learning in the
classroom. for example, step instructional sequence that does not match, the
format of the task is poor, or the performance of teachers is poorly teaching.
The results were compiled and summarized reflection as an input in the design
second cycle.

Table 3. The second cycle

Cycle Stages

Description of the Event

plan

Action

Observation

Reflection

N

Repetition designing lesson plans further subject of heat transfer consist of
conduction, convection, and radiation (instead of repeating sub-topic of the
black rules).

Return designed learning cycle implementation scenarios through
discovery learning in the learning cycle 11 with regard to the outcome of
reflection the first cycles.

Repetition preparing instructional materials and media to be used, as well
as documents, such as attendance, experimental tools calorimeter, student
worksheets, etc.

Repetition designing instruments to observe the process of learning and
learning outcomes as well as a guideline to analyzing.

Setting up a colleague to act as an observer, and help document the activity.
Implementation learning in the second cycle with an advanced sub-topics
heat transfer: conduction.

Documenting (collecting documents student activities).

Implementing learning in the second cycle with an advanced sub-topics heat
transfer: conviction and radiation.

Observe the implementation of discovery learning used student observation
sheet that has provided and developed. The second cycle was observed the
students' motivation aspect is shown from the activity of students in the
learning process is done in the classroom, especially active participation in
group investigation.

Collecting the data observations and analyzing data.

Observe the implementation of 5E learning cycle through discovery
learning using observation sheet that has provided. The second cycle was
observed the students' motivation aspect is shown from the activity of
students in the learning process is done in the classroom, especially active
participation in group investigation.

Based on observation, it can be concluded that results on observational
analysis for corrective actions are reflected in the third cycle (if the indicator
there is not yet reached). if the indicator has been achieved, then the set of
observational data used for the preparation of research reports.
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RESULTS AND DISCUSSION

Table 4 shows the results of the
formative test on heat and temperature
physics course. The data sample of the
study was counting until 29 students. Both
of the lower pre-test scores is 13, and the
higher pre-test score is 66. the mean score
initial condition in the first cycle is 29,3. it
is shown that poorly condition. 5E
learning cycle strategy was applied as a
treatment to increase the student's pre-test
score. after given the treatment that can be
seen clearly increase the post-test scores.
Both of the lower post-test scores is 47,
and the higher post-test score is 93. the
mean score final condition in the second
cycle is 66.2.

The percentage applied the 5E learning
cycle which is 78 % in the first cycle and
92 % in the second cycle. Based on the
results achieved, both values meet the
implementation of indicator already
predetermined. The analysis of the level of
success of the classroom action research
due to the 5E learning cycle strategy has
increased from the first cycle until the
second cycle. Improved adherence to
learning is the result of reflection carried
out after the first cycle to correct
deficiencies occurring in the first cycle and
growing up in the first cycle to apply in the

cognitive process. This aspect is measured
by tests conducted at the end of the cycle.
furthermore, those students were made a
meaning conceptual and seen either who
have or who havent completed.
comparing until the end of each cycle to
know that is an increase of conceptual
understanding before given treatment,
after the first cycle and the second cycle.
The formative test results consist of both
the first cycle was obtained an average
score of 29.3 and the second cycle was
obtained an average score of 66.2. Based
on these data, it can be seen that the
students’ understanding of the concept
increases either the first cycle or the
second cycle. due to the students'
understanding of physics concepts before
being implemented learning cycle and
thereafter learning has increased quite
significantly. see table 5.

Implementation of discovery learning
can improve the learning process and
student achievement. Based on the results
of previous studies in the first cycle, the
percentage of achievement of student both
the first cycle interested of 64.71% and
increased in the second cycle into 82.35%.
Improved learning achievement is shown
from the aspect of knowledge in the first
cycle of 61.77% and increased in the

next action. second cycle into 85.29% (Putra,
The results of the students' Tandililing, & Arsyid, 2016),
understanding of concepts based on the
Table 4. Data distribution pretest-posttest students
Data Pretest Data Posttest .
N-Gain
Interval Frequency Interval Frequency
13-22 15 47-55 7
23-32 1 56-64 6
33-42 3 65-73 7
43-52 6 74-82 4 0.52
53-62 2 83-91 1
63-72 1 92-100 4
Based on the results of the learning activities. The observation students'

process has been applied to the 5E learning
cycle due to practical learning methods,
demonstrations and discussions to increase
students' activity in learning. Results of
research conducted showed increased
activity of students as seen from the
observation of students in learning

activity according to several indicators
were observed consist of readiness,
enthusiasm, group investigation, problem-
solving, doing exercise, and decision
making with reflecting (table 5 shown
student activities).
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Table 5. Observations Student Activities

No Rated aspect Initial CAR Information
‘ P Condition Cycle 1 Cycle 2

1 The _readmess of stud_ents to 60% 60% 73% Increased
receive course materials

2  The enthusiasm of students
in participating in group 33% 53% 80% Increased
discussions

3 AC“V'“?S Of. stude_n@s_ In 66% 66% 93% Increased
group discussion activities

4 Actl_vltles of students in 40% 530 86% Increased
solving problems

5  Activities of students in

0, 0, 0,

doing exercises 53% 73% 73% Increased

6  Student participation in
activities  reflecting on 66% 66% 86% Increased
learning

CONCLUSION different types of matter physicists who

Students understanding of the concept
have been increased. The learning cycle
type 5E conducted on class XI IPA at SMA
Teuku Umar by applying for heat and
temperature physics course. 5E learning
cycle strategy consisting of the phases,
which are engagement, exploration,
explanation, elaboration, and evaluation.
Increasing student motivation in the
learning process is characterized by the
improved activity of students in the
learning process as measured through
assessment of student activity observed
during the discovery learning process takes
place. Based on the decision of the
research it can be concluded that the
learning cycle type 5E process can
influence increased students learning
motivation and students understanding the
concept.

Determining the phases of classroom
action research or further studies can be
reached by looking at the gap between the
real condition with ideal conditions for
learning. CAR going to improve the
climate of the classroom in a way change
their methods means or learning strategies
according to the characteristics of the
material to improve student achievement.
Implementation the learning cycle on

have characteristics that match the learning
cycle process.
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careful attitude (92.2%), caring for the environment (73.0%), honest (93.0%), and cooperative (97.0%).
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INTRODUCTION

One-dimensional motion is one of the
materials taught in class for first-grade
senior high school. In the revised 2013
curriculum, the basic competencies for
one-dimensional motion material are
analyzing physical quantities in straight
motion with constant velocity and straight
motion with constant acceleration (still)
including its physical meaning and
presents experimental results data and
graphs to investigate the motion properties
of objects that move straight at a constant
velocity and move straight with constant
acceleration (fixed) and their physical
meaning. One-dimensional motion
material is an important material and
becomes the basis for further mechanics
discussion (Rosenblatt & Heckler, 2011;
Suyuti, Kusairi, & Sutopo, 2016).

One-dimensional motion is the motion
of an object on a straight track. One-
dimensional motion material is limited to
the motion of objects in the horizontal (x-
axis) and vertical (y-axis) paths. Straight
motion on the x-axis is known as uniform

rectilinear motion (GLB). While straight
on the y-axis, it is known as an accelerated
uniform rectilinear motion (GLBB).

GLB and GLBB have their own
characteristics. In the high school level,
students must be able to analyze the
characteristics of physical quantities. To
help students finding their own concepts of
GLB and GLBB, teachers must be creative
in developing materials, managing the
learning process, and using learning
methods and models.

One of the efforts that can be taken by
the teacher in learning the GLB and GLBB
material is the use of ICT (Information,
Communication, Technology) in the form
of computer use (Arafiana & Setyarsih,
2014; Bonato & Gratton, 2017; Milner
Bolotin & Antimirova, 2009; Wijayanto &
Susilawati, 2015). In this article, the
researchers focused on video analysis with
the use of computers using tracker
software in the learning process to analyze
the characteristics of physical quantities on
GLB and GLBB. Simulations using
computers are closely related to forms of
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constructivism learning, namely learning
scientific discoveries (Jong & Joolingen,
1998).

Tracker is an application used to
analyze video and modeling (Belloni et al.,
2013; Brown & Cox, 2009; Wee, Chew,
Goh, Tan, & Lee, 2012; Wee & Leong,
2015). Tracker is an open source
application that can be accessed for free on
the open source physics website. Tracker
is made to be applied for physics learning
purposes. To run the tracker application,
other supporting applications are needed,
namely Java 1.6 or higher, quick time,
video converter, a video for windows (Wee
et al., 2012). Tracker has the ability to
manually and automatically track positions
on time, speed, acceleration, mass center,
and other kinematic quantities (Brown &
Cox, 2009; Mariati, Betty, & Sehat, 2017;
Tirtasari, Latief, Amahoru, & Azizah,
2015).

The use of tracker in physics learning is
seen as an effective way in improving
students’ science  process  skills
(Habibbuloh & Madlazim, 2014; Zulika,
Wijaya, Masitoh, Utari, & Titin, 2018).
The tracker can encourage students to feel
like a scientist (Wee & Leong, 2015). But
unfortunately, the tracker is not widely
used by teachers at school. The researchers
interviewed 20 physics teachers on August
8, 2017, regarding the use of tracker. The
result of the interview revealed that the
physics teachers did not know what tracker
is and what benefits it could provide.
Therefore in this research, tracker software
was used in basic physics subject to
encourage the students in using the tracker
since they are expected to be a professional
physics teacher after completing their
study.

The objective of this study is to obtain a
deeper insight of the students of physics
education in utilizing the tracker software
to improve science process skills, mastery
of concepts, and as well as their perception
and attitudes like their curiosity,

carefulness, environmental
honesty, and cooperativity.

awareness,

METHOD

The study was conducted in the basic
physics course 1, the first semester of the
2016/2017 academic year. The population
in this study were 2 classes of Physics
Education Study Program. The sampling
technique used was saturated sampling
technique. The entire population which
consisted of 77 students were used as
research samples. The research instrument
used was the science process skills
assessment rubric, questionnaire, and
mastery test concept. The science process
skills assessment rubric covers nine
aspects, namely: (1) asking questions, (2)
making  hypotheses, (3) planning
experimental trials / procedures, (4) using
tools and materials, (5) carrying out
experiments: collecting and recapping
data, ( 6) interpreting and analyzing data,
(7) classifying, (8) concluding, and (9)
communicating. The assessment rubric
uses four levels of achievement, namely 1
(poor), 2 (fair), 3 (good), 4 (excellent). A
questionnaire was used to obtain data on
students "ability to use tracker software and
to obtain data on students' perceptions and
attitudes on the course. The attitude
questionnaire of students was analyzed
using the Guttman scale. Each student's
answer to the statement is grouped on an
agree (SS) category, and disagree (TS)
category. The test was used to obtain data
about the students' mastery progression of
concepts on one-dimensional motion
material.

The quantitative analysis of the
students’ science process skills was done
by calculating the percentage of the
number of students for each achievement
with poor categories, fair, good, excellent
based on the total number of scores for
each aspect of the science process skills.
To get the score, the score obtained is
converted to a scale of 100 with the
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following equation (Nuryantini, Setiadi,
Kurniawan, & Farida, 2015).

Obtained score

Score = -
Maximum total score (1)

The obtained science process skills
score then grouped based on categories;
poor, fair, good, and excellent. The
categories are based on the maximum
score (4 x 9 = 36) and minimum score (1 x
9 = 9). The criterion is presented in the
following Table 1.

Table 1 Scientific report assessment criteria

Criteria Total Score Score
Maximum 9x4=36 100
Minimum 9x1=10 25
Excellent 29 - 36 81,25 t0 100,0
Good 23-29 62,51 to 81,25
Fair 16 - 22 43, 76 to. 62,50
Poor 9-15 25t0 43,75

The criteria in Table 1 were determined
by dividing each score range by a quarter
of the overall score. A quarter of the low
score in the score range of 9 to 15 has a
maximum score of 43.75 (see table 1).
Thus, the categorization of the science
process skills is corresponding to the scale
set for the achievement category in the
range of 1 to 4.

Students’ ability in using tracker
software, perceptions and attitudes toward
the course are presented in a percentage
form. The percentage is calculated using
the following equation.

T=(3J )/N x 100% )

Information:

T = Percentage of each statement.
J = total answer of each group.

N = number of students

RESULTS AND DISCUSSION
Results

The Students’ Ability to Use Tracker

Teaching and learning approach used in
the course was the scientific approach. In
scientific approach, learning strategies are
suggested using disclosure / research-
based learning (discovery / inquiry
learning), based on problem solving (work
based solving) and work-based (project-
based learning) (Duch, Groh, & Allen,
2001; Khairiyah, 2017; Kuhlthau,
Maniotes, & Capsari, 2007; Wieman &
Gilbert, 2015).

Learning activities on one-dimensional
motion material are carried out using
discovery strategies. Discovery learning
requires students to be able to design their
knowledge acquisition independently.
Courses are carried out through
inexpensive material-based experiments
using media balls dropped from a certain
height and rolled on a flat table. The ball
motion is then analyzed using tracker
software. The learning steps taken are
shown in Table 2.

The use of tracker software is intended
to make students as candidates for skilled
physics teachers to use media, technology,
information and communication (ICT).
The ability of pre-service teachers in using
ICT will be transferred to students later in
school. As in the syllabus of senior high
school (SMA) or Madrasah Aliyah (MA)
physics subjects which state that science
learning is expected to deliver students to
fulfill  21st-century abilities, including
mastery of ICT (Trilling & Fadel, 2009;
Wan Husin et al., 2016). Table 3 below
illustrates the ability of students teacher to
use tracker software in the basic physics 1
course.
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Table 2. Learning steps using discovery strategy

Learning Steps

Students Learning Activities

Competences Being Developed

Stimulation

Problem
ldentification

Data collection

Data processing and
verification

Conclusion

Students observed the demonstration of a ball
being dropped from a certain height and
rolled on a flat table.

Students ask a question regarding the
movement of the ball which fell and rolled on
the flat table.

Students conducted an experiment on
dropping a ball form a certain height and
rolled it on a flat table and recorded the
occurrence in a video.

Students analyzed the video of objects’
motion using tracker software, so that
obtained the position graph against time (s-t),
velocity versus time graph (v-t), and the graph
of acceleration with time (a-t).

Students distinguished position graphs to time
(s-t), velocity to time graphs (v-t), and graphs
of acceleration to time (a-t) of the motion of
the ball dropped and the motion of the rolling
ball and confirmed it by one-dimensional
motion theory.

Students described the difference in the
motion of the dropped ball (the irregularly
changing straight motion), and the ball rolled
on a flat table (regular straight motion).

Developing  sincerity and  thorough
character, and the ability to observe and seek
information.
Growing curiosity, creativity, and ability in
searching for information and developing
the question.

Accuracy, honesty, social interaction
between friends in groups, responsibility,
communication.

Developing ~ honesty,  thoroughness,
discipline, obeying the rules, working hard,
having the ability to use effective reasons,
implementing procedures and the ability to
think inductively and deductively in
concluding, being able to apply technology
effectively.

Developing honest, thorough, tolerant
attitudes, the ability to think systematically,
expressing opinions in brief and clear, and
developing good and correct language
skills.

Table 3. Students’ ability in using software tracker.

No Notes Perc(:(()ez )t age
1 Installing software tracker. 94,8
2 Importing video. 100
3 Cutting video. 94,8
4 Calibrating. 76,7
5  Deciding coordinate point. 92,2
7 Signing the motion of objects. 87,1
9  Importing graphic and table in 84,5
other applications
Average 90,0

The data written in Table 3 show that
generally, students have already been
mastering the operation of tracker software
even though 74% of students have never
used it.

Science Process Skills

The skills of students in operating the
tracker software are supported by the
familiarity of computers for students and
the ease of operating tracker software.
Students' ability to operate tracker
software can build students' science
process skills in finding the concept of
one-dimensional motion. Table 4
illustrates the percentage of the number of
students based on the science process skills
category.
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Table 4. The Percentage of Science Process Skills.

Category of Number Percentage
science process of (%)
skills students
Excellent 4 5.19
Good 57 74.03
Fair 16 20.78
Poor 0 0

Students’ science process skills are
generally categorized as good as it is
indicated by an average score of 70. Based
on the science process skills category, 4%
of students are classified under excellent
categories, 74% are classified under good,
and no students have poor categories.
Students’ science process skills which
were Dbuilt through motion analysis
activities using tracker software consists of
nine aspects

The following is a detailed explanation
of each aspect of the students’ science
process skills.

Asking questions. Students ability in
asking and conducting question is 60% of
students are classified under excellent
category, and 39% are in a good category,
1% are in the fair category, as shown in
Figure 1a. The ability of students to ask
questions represents that students have
been able to show the relationship of two
variables, the question relates with the
results of the observations, and the
questions asked are related to all observed
phenomena. The following are examples
of several questions asked by students: 1.
Is there a difference between motion in the

Fair
1%

Good N
. 39% >,

[ \
N oY
N |
el \ ]
Excellent s K
60% 8 -
N

(a)

|
\

Good
49%

(b)

121

direction of wvertical and horizontal
direction?; 2. What is the effect of mass
(m) on speed (v) on the x-axis?; 3. What is
the effect of mass (m) on speed (v) on the
y-axis?; 4. What is the difference between
mass graph (m) and speed (v) on the x-axis
and y-axis?

Making the hypothesis. The
hypothesis is an important part of science
process skills. Figure 1b shows the ability
of students in formulating hypotheses.
11% of students submitted hypotheses
very well, 49% were good, and 40% were
fine. There is no one student in the
category of Poor. The hypothesis proposed
by students has shown a complete idea,
based on prior knowledge and or
observation, and also specifically related
to the problem or question. Although
students do not follow it up with further
reason about the thoughts behind the
prediction or hypothesis and their
considerations. The following are some
hypotheses made by students: 1. The
higher the initial position of the object
being dropped the faster the speed of the
object; 2. The volume of an object will not
affect the motion of objects in the one-
dimensional medium in the vertical
position (on the y-axis); 3. The mass of an
object greatly affects the speed of an
object. If an object is dropped on a vertical
medium, the heavier the mass of an object
the faster the speed of an object will
increase; 4. There is a significant
difference between motion in the direction
of the x and y-axes.

Poor
0% Fair

<

53%

e Excellent

B [ rair 6%

\)m

\

(c)

Figure 1. Students’ science process skills (a) asking questions, (b) formulating hypotheses, (c) planning experiments
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3.51

Excellent Fair
19% 21.96 Excellent
0%

Poor

-

\./ R

5% Fair

(9)

(i)

Figure 1. (d) using tools and materials, (€) collecting and recapping data, (f) analyzing data, (g) classifying, (h) making

conclusions, and (i) communicating.

Planning  experiments. In  the
experimental planning process, students
describe the experimental procedures
performed. The skills of students in
planning experiments are shown in Figure
1c. 19% of students have the skills to plan
experiments with excellent categories,
40% good category, and 21% with the fair
category. In preparing the experimental
procedure, students can sort the procedures
to be carried out, the sequence of all
procedures is arranged logically, and able
to identify experimental variables and
control variables.

Using tools and materials. After the
trial procedure is made, the next task is the
use of the correct tools and materials.
Generally, students can use the tools and
materials well as shown in Figure 1d.
Students have been able to choose and use
the tools/instruments needed.

Collecting and recapping data. Data
collected by students is a video of motion
of objects in the vertical and horizontal
direction. Videos are recorded using the
recording facilities on the phone. The

ability of students to record the motion of
objects and recap the data can be seen in
Figure le. 30% of students have the ability
to collect and recap the data with excellent
categories, 55% in good categories, 10% in
fair categories and 5% in poor categories.
The data collected by most students have
been recapitulated in the right format in the
form of charts and graphs, the
measurements are determined precisely,
the data collected has uniform units, the
sequence is logical, and the information
presented easy to read and interpret.
Analyzing Data. Data analysis is an
activity that is carried out after the data had
been collected. The students' skills in
analyzing the data are 14% of students are
categorized as excellent, 35% is good,
40% is fair, and 11% are poor as shown in
Figure 1f. Data analysis is seen as a
difficult activity by students. Students
have difficulty in interpreting data with the
concepts they will build. The biggest
obstacle is because the understanding of
student toward the concepts on straight
motion material is very low. In data
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analysis activities, students must check the
data to see whether the recapitulated
information is logical, the sentences that
are expressed to explain complete data
describe complete ideas, can verbally
explain how data is organized, can
accurately write experimental results
based on data, can determine whether data
has been collected/captured accurately,
evaluating the relevance of data collected
with the original question.

Grouping. The ability of students to
classify is very good as shown by 85% of
students in the excellent category shown in
Figure 1g. In this grouping aspect students
have been able to distinguish data and
share it in groups so that data can be
observed and clearly distinguished.

Concluding. In making conclusions,
26% of students are classified as very
good, 35% is good and 39% are fair as
illustrated in Figure 1h. The conclusions
made by the students showed that the
sentences and ideas used were complete,
determining the results of the experiment.
However, 39% of students had not been
able to make conclusions that clearly
describe the original questions, and
interpret the intent of the data analyst

100 96

60

percentage

results by applying them correctly to a
bigger scientific concept.

Communicating. In submitting
research reports in oral or written form,
students must be able to communicate it
well. In the research conducted, the
communication skills reviewed were
written forms. Overall students have been
good at writing communication in the form
of reports, which is shown by 28% of
students in excellent categories and 51% of
good categories as shown in figure 1 (i).
Communication skills are characterized by
experimental reports made by students
using active sentences, easy to understand,
using standard language, and using
enhanced spelling.

Mastery of Concepts

Students’ science process skills in
finding a concept are important things that
need to be explored. Students high-level
thinking skills and their concepts mastery
can be developed through science process
skills. Figure 2 is a graph of increasing the
mastery of students' concepts on one-
dimensional motion material obtained
from the results of the pretest and posttest.

26.7
213
13.3
o I

poor fair

good excellent

@Pretest @ Postest

Figure 2. Graph of Students” Growth on Concepts Mastery in One-Dimensional Motion Material

Students' Perception and Attitudes

The results of observations of student
activities in basic physics course indicate
that all students actively play a role in

video data retrieval and data analysis.
Students were enthusiastic and happy. To
strengthen students' perception data in
basic physics lectures, 10 items were
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distributed to the questionnaire which
described three aspects, namely feeling of
pleasure, activity, and mastery of the
concept. The data obtained from the
questionnaire are illustrated in Table 5
below

Data obtained from questionnaires about
student perceptions related the course taken to
support the results of observations. Data from
the questionnaire showed that 95.2% of
students felt happy, 92.9% of students were
active in the learning activity and 87.3% of
students were helped in improving the
mastery of one-dimensional motion concept.
Students are usually afraid of facing basic

100.0

50.0

80.0
70.0
60.0

50.0

percentage

40.0
30.0

20.0

10.0 : ) '

physics lectures, passive because they only
listen and record, it is difficult to understand
the concept of physics because concepts are
studied abstractly. But with the motion
analysis activity, students can immediately
observe the GLB and GLBB phenomena and
find their own characteristics of GLB and
GLBB. Together with other friends, they
enthusiastically take every step and activity of
the course. The course gave also encourages
curiosity, thorough, honesty and excellent
cooperation. Moreover, students' awareness
of motion phenomenon in their environment
can be classified as good, as shown in the
graph in Figure 3.

curiosity meticulousnessenviromental honesty

cooperation)
care

Figure 3. Percentage of curiosity, meticulousness, environmental care, honesty, and cooperation.

Course with an ICT-based discovery
strategy has many positive effects on student
learning outcomes both direct teaching and
indirect teaching (Dwianto, Wilujeng,
Prasetyo, & Suryadarma, 2017; Sabon &
Sumadi, 2016). Mastery of concepts and skills
is the result of direct learning, while attitudes

Table 5. Students’ Perception of the Study

that grow from courses are indirect learning
outcomes (Usmeldi, 2016). Courses should be
interactive, inspiring, fun, challenging,
motivating students to participate, as well as
providing sufficient space for the initiative,
creativity, and independence.

No  Aspect notes

Number of students (%6)

Glad to follow the study by analyzing the motion of the ball using

1 95,2
tracker software.
Actively follow the learning process by analyzing ball motion using

2 92,9
tracker software.

3 Analyzing ball motion using tracker software to increases mastery of 873

concepts.
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Table 6. Students' abilities that can be developed from 215-century skills

21th-century skills

Description

Learning and
skills

Communication and
collaborative skills

Creative and
innovation skills

Digital literacy skill
Media literacy
ICT Literacy

Life and career skills Flexibility and

adaptability:

Initiative and self-
regulating

Social and intercultural

innovation  Critical thinking and
problem-solving skills

Information literacy

Students are able to use effective reasons,
use systems thinking, make judgments and
decisions, and solve problems.

Students are able to communicate clearly
and collaborate with others.

Students are able to think creatively, work
creatively with others, and apply
innovation.

Students are able to access and assess
information, use and manage information.
Students are able to analyze the media and
create media products.

Students are able to apply technology
effectively.

Students are able to adopt changes and are
flexible in providing feedback and facing
criticism.

Students are able to manage goals and time,
work independently, become students who
are able to self-regulate.

Students are able to interact socially with

interaction others, work effectively in different groups.
Productivity and Students are able to manage projects and
accountability. produce products.

Leadership and Students are able to guide and lead others;
responsibility. are responsible for others.

(Trilling & Fadel, 2009)

Discussion

The learning outcomes present above have
an agreement with 21st-century skills. 21st-
century skills require students to develop their
abilities, as described in Table 6. 21st-century
skills can be used for decision making in
dealing with problems in the era of
information and digital technology.

In order to actualize the 21st-century
skills in the world of education in
Indonesia, the Ministry of Education and
Culture of the Republic of Indonesia has
adapted it along with the adaptation of
scientific  approach and  authentic
assessment in  developing a new
curriculum, the 2013 curriculum. All three
concepts were adapted to develop
education towards creative Indonesia in
2045 (Murti, 2014).

The learning process touches three
domains, namely knowledge (know what),
skills (know how) and attitude (know why).
The end result of the learning process is to
improve and balance soft skills and hard skills
in the form of knowledge and skills. In the
21st century learning, the three domains
above are known as KSAVE namely
knowledge, skills, attitudes, values and ethics
(Binkley, Erstad, & Herman, 2012; Salonen,
Hartikainen-Ahia, Hense, Scheersoi, &
Keinonen, 2017). Knowledge is the same as
skills, and attitudes, values and ethics as well
as attitudes. The results of the study conducted
in this study include three domains, namely
knowledge, skills in the form of science
process skills with aspects of (1) asking
questions, (2) making hypotheses, (3)
planning trial / trial procedures, (4) using tools
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and materials, (5) carrying out experiments:
collecting and recapping data, (6) interpreting
and analyzing data, (7) classifying, (8)
concluding, (9) communicating, and skill in
using tracker software as part of ICT literacy
and curiosity, careful , caring for the
environment, honest and cooperation.

CONCLUSION AND SUGGESTION
21st-century skills can be trained
through basic physics lectures by using
discovery strategies. Low budget materials
around and ICT can be used to present

physics  phenomena to  students.
Phenomena are presented to build
concepts, laws, or learned principles.

Learning outcomes conducted in this study
include three domains, namely knowledge,
skills in the form of science process skills
with aspects of (1) asking questions, (2)
making  hypotheses, (3) planning
experimental trials / procedures, (4) using
tools and materials, ( 5) carrying out
experiments: collecting and recapping
data, (6) interpreting and analyzing data,
(7) classifying, (8) concluding, (9)
communicating, and skill in using tracker
software as part of ICT literacy and
curiosity, careful, caring for the
environment, honest and cooperation.
Students' perceptions of the course indicate
happiness, activeness, and encouragement
in understanding the materials.
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Abstract: The purpose of this research is to measure students critical thinking skill in solving scientific
literacy using a metacognitive test based on scientific literacy. This research is descriptive research. The
subject of this research is 99 students of grade XI in SMA Batik 2 Surakarta. Data collection methods used
are test methods which using a metacognitive test based on scientific literacy. Data analysis techniques use
quantitative descriptive analysis. The results showed that the achievement of scientific literacy is still low at
below 50% for all category. This is due to students critical thinking skill in solving all category of scientific
literacy problem is still low. Low student critical thinking skill in solving science as a body of knowledge in
the assessment stage with the percentage achievement is 21%. Low percentage achievement of critical
thinking skill in solving science as a way of thinking is a clarification (34%), assessment (46%), inference
(26%), and strategy (12%). Low percentage achievement of critical thinking skill in solving science as a way
of investigating is assessment (39%), inference (5%), and strategy (6%). Low student critical thinking skill
in solving science as an interaction between technology and society in the assessment stage with the

percentage achievement is 31%.

© 2018 Physics Education, UIN Raden Intan, Lampung, Indonesia.
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INTRODUCTION

The rapid advance of science and
technology is one of the impacts of
globalization which causing the mindset of
a society increasingly critical to the need
of their life (Rachmatullah, Diana, &
Rustaman, 2016). This causes students not
only required to have cognitive
competence but also soft skills that can
help students in overcoming the rapid
advance of science and technology. One of
the soft skill that related to science and
technology development is scientific
literacy (Adawiyah & Wisudawati, 2017).
This is due to soft skill in the form of
science literacy is able to make students to
relate natural phenomenon to concepts that
have been learned in school. The scientific
literacy of students is expected to making
progress in understanding the natural
world(Good, Hafner, & Peebles, 2000).

Science Literacy is the ability to engage
with science on related problems and with
scientific ideas as a reflection of citizens
(Asyhari, 2017). Scientific literacy is the
goal of physics education as a basis for
science  education  (Holbrook &
Rannikmae, 2009). This is due to the main
goals of science education are to provide
an opportunity for students to make
decisions about socio-scientific issues that
affect their lives(OECD, 2004). This
showed that scientific literacy is a
necessary element of education in our
modern science and technology. This
cause teachers of science to engage a
student in studied history, philosophy, and
practice of science (Udeani, 2013).

Building students scientific literacy can
be done through training student critical
thinking skill. This is due to students'
critical thinking skills can help students to
solve problems related to scientific
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literacy. Critical thinking is a self-
regulatory judgment that results in
interpretation, analysis, evaluation, and
inference as well as an explanation of the
evidential, conceptual, methodological, or
contextual (White, Stains, Escriu-sune,
Medaglia, & Rostamnjad, 2011). Critical
thinking also can raise vital questions and
problems to formulate them clearly, gather
and asses relevant information to think
open-mindedly (Duron, Limbach, &
Waugh, 2006). So, it can be concluded that
critical thinking skill will encourage
students to understand the problem and
make an alternative problem solving with
the problem-solving stage is clarification,
assessment, inference, and strategy(Jacob
& Sam, 2008).

Student critical thinking skill in solving
scientific literacy can be measure using
metacognitive assessment instruments
based on science literacy. This is due to
critical thinking as the set of skill which
enables to solve a problem logically and
reflect  autonomously by  means
metacognitive regulation (Gotoh, 2016).
Metacognitive refers to ways of raising
awareness of thinking and learning process
(Yanti, Distrik, Khasyyatillah, &
Khasyyatillah, 2017). It is shown that
metacognitive  knowledge plays an
important role in the learning process
because metacognitive is crucial in
regulating and controlling the cognitive
process of a person in learning and
thinking (Warni, Sunyono, & Rosidin,
2018). The instrument of metacognitive
assessment based on scientific literacy is
an instrument of scientific literacy
assessment  which  consisting  of
metacognitive knowledge question that is
declarative knowledge, procedural
knowledge, and conditional knowledge.
Declarative knowledge is knowledge
about oneself as a learner and about what
factors influence one’s performance,
procedural knowledge is knowledge about
doing things which are represented as
heuristics and strategies, conditional

knowledge is knowledge about knowing
when and why to use declarative and
procedural knowledge (Schraw, 1998).
Based on the description, it can be
concluded that the metacognitive test
based on scientific literacy can measure
student critical thinking skill in solving
scientific literacy. Student critical thinking
skill as an ability to solve problems is one
of the goals of learning physics (Supeno,
Subiki, & Rohma, 2018). Therefore it’s
important to analyze students' critical
thinking skill in solving scientific literacy.

METHOD

This research is quantitative descriptive
research. This research was conducted in
the semester Il of academic year
2017/2018 in SMA Batik 2 Surakarta. A
sample in this research is 99 students of
grade XI in SMA Batik 2 Surakarta. The
method used in this research is survey
method which surveys research procedure:
1) Research objective, 2) Concepts, 3)
Questioner, 4) Population, 5) Sampling, 6)
Data collection, 7) Data processing, 8)
Interpretation (Biemer & Lyberg, 2003).

Data collection method used is a
metacognitive test based on scientific
literacy. The test is used to find out the
profile of students critical thinking skill in
solving scientific literacy. The questions
on the test sheet consisted of 4 problems
about a category of scientific literacy that
is science as a way of thinking, science as
a way of investigating, science as a body
of knowledge, science and its interaction
with technology and society (Chiappetta,
Sethna, & Fillman, 1991; Udeani, 2013).
Each of the scientific literacy problems
contained three question about
metacognitive  knowledge  that s
declarative, procedural, and conditional
knowledge (Rompayom, Tambunchong,
Wongyounoi, & Dechsri, 2010). It can
analyze student critical thinking skills in
solving scientific literacy. The indicator of
critical thinking skill in solving scientific
literacy is adopted from Jacob and Sam
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that is clarification, assessment, inference
and strategy(Jacob & Sam, 2008). Data
analysis technique used in this research is
quantitative descriptive analysis.
Quantitative descriptive analysis technique
is used to process the data obtained from
the test in the form of a descriptive
percentage of critical thinking skill in
solving scientific literacy.

RESULTS AND DISCUSSION
Student answer in a metacognitive test
based on scientific literacy is analyzed to
describe student critical thinking skill in
solving scientific literacy. Critical thinking
skill in solving scientific literacy is
thinking skill to know the concept
underlying a problem (clarification),
visualize the problem schematically to see
a relation of the variables or basic concept
(assessment), giving strategy to solve a
problem (inference) and evaluate strategy
(Laurens, 2010). Percentage achievement
of student scientific literacy for each
category can be seen in Figure 1.
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thinking is 7,1%. This suggests that
students still have difficulty making about
experiments or thinking activities.
Percentage achievement for a category of
science a way of investigating is 27,7%.
This shows that students are still having
difficulty in presents a scientific method
and problem solving based on fact and
evidence. Percentage achievement for a
category of an interaction of science,
technology, and society is still low with the
percentage of achievement is 15.4%. This
shows that students still do not understand
the application of science and technology
for society. Low percentage achievement
of scientific literacy due to student still
don’t have more resources for continuing
education. Some resources such as books
and the internet can explore the latest
advances in scientific research (Ogunkola,
2013). It can make student to increase
critical thinking skill. Critical thinking
enables the student to improve themselves
ability to criticize, questioning, evaluating,
and reflecting (Zhang & Kim, 2018).
Furthermore, it’s important to analyze
student critical thinking skill in solving
each category of scientific literacy: science
as a body of knowledge, science as a way
of thinking, science as a way of
investigating, and interaction between
science, technology, and society.

Percentage achievement of student
critical thinking skill in solving a category
of science as a body of knowledge can be
seen in Figure 2.

Figure 1. Percentage achievement of student
science literacy in each category

In Figure 1 it can be seen that the
achievement of science literacy of students
in each category is still low. Percentage
achievement for a category of science a
body of knowledge is 34,1%. This shows
that students still have difficulty in
explaining situations /questions that
require students to remember knowledge
of information. Percentage achievement
for a category of science as a way of
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Figure 2. Percentage achievement of student
critical thinking skill in solving a
category of science as a body of
knowledge



164 Jurnal llmiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 161-169

In figure 2 it can be seen that in the
category of scientific literacy as a science
of body of knowledge, it is found that the
achievement of critical thinking skill is
75.6% for clarification stage, 0% for
assessment, 39.3% for inference, and
21.2% for strategy. This shows that the low
critical thinking skill of students in solving
the scientific literacy for category science
as a body of knowledge is in the
assessment stage. This is due to students
only understand the concepts and laws of
physics without being able to understand
the physical representation of the concepts
and laws of physics. This is due to teaching
materials used only to explain the concept
of laws of physics without explaining
further related to the meaning of the
concept of laws of physics. Student answer
in solving a category of science as a body
of knowledge can be seen in figure 3.

3. xlu,, LU mnuls-mala dis dengan ar yang

- ﬁ‘nﬁm 1en\£nuo
- ke (5 Lan ‘L(\\ uny
- wag emmpum)

- TeR0 nan

2 Jika tingg kol

5. h1 =

200 Kka

10 can. berapakah Linges kolom air (hy)

4.1 Mengapa ancla memilih cara tersebut u
mré’ﬂp— quaLt mt_p mcnmmn«m n.n.ui ?mrlnn iw?rcr“‘nhf

yaitu A =
bz ’z/z»

Figure 3. Student answer in solving a category of
science as a body of knowledge

Figure 3 can be seen that scientific
literacy problem in a category of science as
a body of knowledge about U tube concept.
Based on figure 3, it can be seen that
students have been able to explain the
concept of physics on the U tube problem.
This is shown by the students' answers that
the factors that cause differences in tube
height are density, altitude, cross-sectional
area and pressure. The answer shows that
students are able to contact a problem with
relevant concepts and theories. In this
category of science as a body of
knowledge, students are also able to

determine steps or strategies for solving a
problem. This is shown by the students'
answers that the pressure on a straight line
is the same value so p1.h1= p2.h..

Percentage achievement of student
critical thinking skill in solving a category
of science as a way of thinking can be seen
in Figure 4.
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Figure 4. Percentage achievement of student
critical thinking skill in solving a
category of science as a way of thinking.

Figure 4 shows about percentage
achievement for a category of scientific
literacy as a science a way of thinking. It is
found that the achievement of critical
thinking skill in the clarification stage is
28.3%, 0% for assessment, 0% for
inference, and 0% for strategy. Results
obtained in line with research (Rusilowati,
Kurniawati, Nugroho, & Widiyatmoko,
2016) that students skills in critical
thinking are lacking for a category of
scientific literacy as a science a way of
thinking. The data shows that students'
critical thinking skills used in solving
science literacy in the science a way of
thinking category are only in the
clarification stage. This indicates that the
student is still having difficulty in
explaining, conceptualizing, and
determining the settlement step and
evaluating the settlement step. The low
ability of students in explaining and
determining and evaluating the settlement
step because students are less able to
calculate the comparison formula. This is
because the training questions given by the



Jurnal llmiah Pendidikan Fisika Al-BiRuNi, 07 (2) (2018) 161-169 165

teacher during the learning process only at
the level of C3 (application) has not
reached the level of C4 (analyze). So that
student is poorly trained in solving
problems that require the ability to think a
level of analysis is a matter of comparison.
Student answer in solving a category of
science as a way of thinking can be seen in
figure 5.
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Figure 5. Student answer in solving a category of
science as a way of thinking.

Figure 5 can be seen that scientific
literacy problem in a category of science as
a way of thinking about Archimedes Law.
Figure 5 show that students in solving a
category of science as a way of thinking
with try and error. This is shown from the
students' answers that the factors that cause
the condition of floating objects are due to
differences in the volume ratio between
objects and fluids whereas what causes
floating objects is the density of objects
smaller than the density of fluid so that
buoyancy is greater than gravity. It proves
that a student can not think imaginatively
and logically. Imaginatively and logically
can be train based on reality through sketch
strategy of knowledge (Amin, Abdullah, &
Malago, 2018).

Percentage achievement of student
critical thinking skill in solving a category
of science as a way of thinking can be seen
in Figure 6.

Figure 6. Percentage achievement of student
critical thinking skill in solving a
category of science as a way of
investigating.

Figure 6 show about percentage
achievement for a category scientific
literacy as a science a way of investigating,
it is found that the achievement of critical
thinking ability at 76.7% clarification
stage, 25,8% for assessment, 0% for
inference, and strategy equal to 8,5%. The
data shows that the students' least critical
thinking skill in solving scientific literacy
in the category of science as a way of
thinking is in the stage of inference and
strategy. This is because students are
poorly trained in analyzing the tables of
observations. One of the factors that cause
it is the absence of practicum or
experimental activities during the learning
process so that students are poorly trained
in making observation tables that cause
students  difficulties in  analyzing
information based on the observation
table. This is supported by Rasmawan that
the common mistake is that students judge
a statement to be subjective and do not see
and use the information provided in the
table (Rahmat Rasmawan, 2017). Student
answer in solving a category of science as
a way of investigating can be seen in figure
7.
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Figure 7. Student answer in solving a category of
science as a way of investigating.

In Figure 7 it can be seen that students
answer in a category of science as a way of
investigating have been able to solve
problems related to factors that cause
pressure differences. Students argue that
the factor that causes a pressure difference
is the depth of the object. This shows that
students are able to explain the concepts
and theories of a problem. However, in this
category, students still  experience
difficulties in solving mathematical
problems about hydrostatic pressure which
causes students to draw conclusions
through reasoning by comparing the height
and depth of an object. In fact, hydrostatic
pressure is not only influenced by the
position through external pressure with the
mathematical equations used is P = Po+p
g h. One of the efforts to improve students'
critical thinking is through improvement
metacognitive regulation. This agrees with
(Gurcay &  Ferah, 2018) that
metacognitive self-regulation can increase
student critical thinking skill.

Percentage of achievement of student
critical thinking skill in solving a category
of science as an interaction between
technology and society can be seen in
Figure 8.
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Figure 8. Percentage of achievement of student
critical thinking skill in solving a
category of science as an interaction
between technology and society.

Figure 8 show about percentage
achievement for a category of scientific
literacy as the interaction of science,
technology, and society. It is found that the
achievement of critical thinking skill at the
clarification stage is 38.3%, 3% for
assessment, 19.2% for inference, and 1%
for strategy. The data shows that students'
critical thinking skills are in very low in
solving science literacy category as an
interaction of science, technology, and
society is in the stage of assessment and
strategy. The lack of students' critical
thinking skills at the assessment stage
indicates that students are still having
difficulty explaining the concept of laws of
physics applications that are in daily life.
This is due to lack of explanation of the
concept of physics in applications in daily
life. The lack of students' critical thinking
skills at the strategic stage shows that
students are still having difficulties in
evaluating the proposed settlement
measures. This is because the teacher does
not pay attention to the process so that
physics will be a science that just
memorizes the formula alone will foster
students' negative stigma toward physics
(Lisdianto, Masykuri, & Aminah, 2015).
Student answer in solving a category of
science as an interaction between
technology and society can be seen in
figure 9.
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Figure 9. Student answer in solving a category of
science as an interaction between
technology and society.

Figure 9 shows that students can solve
a problem of science as an interaction
between technology and society that is
hydraulic jack application. This is shown
from students' answers that the physics
concept used in hydraulic jack is pascal
law because of the difference in a cross-
sectional area used. The answer shows that
students already have declarative
knowledge that aims to understand the
meaning of test and solving a problem with
relevant concepts and theories. It’s similar
to the Wulandari and Nurhayati research
that critical thinking can make students to
understand the meaning of test question
(Yuniasti & Wulandari, 2018). Students
also have the procedural knowledge to
determine steps or strategies for solving a
problem. This is shown by the students'
answers to procedural related problems
that the pressure at each point is the same
so that the pressure is directly proportional
to the cross-sectional area. However,
students do not have conditional
knowledge that causes students to
experience errors in evaluating the
completion steps. This is shown based on
errors in students' answers in entering data
into the magnitude of the predetermined
equation. The thing that causes this error is
because students memorize more formulas

without understanding further about the
quantities contained in the formula or
equation.

CONCLUSION

In this research, the investigation had
been conducted to determine student
critical thinking skill in solving scientific
literacy. The results of student scientific
literacy are still low that is below 35%.
This is due to students critical thinking
skill in solving scientific literacy problem
is still low. Low student critical thinking
skill in solving science as a body of
knowledge in the assessment stage (21%).
Low percentage achievement of critical
thinking skill in solving science as a way
of thinking is a clarification (34%),
assessment (46%), inference (26%), and
strategy  (12%). Low  percentage
achievement of critical thinking skill in
solving science as a way of investigating is
an assessment (39%), inference (5%), and
strategy (6%). Low student critical
thinking skill in solving science as an
interaction  between technology and
society in the assessment stage with the
percentage achievement is 31%. These
results indicate that the teacher has not
built students' critical thinking skills:
clarification, assessment, inference, and
strategy. This is due to the teacher has not
conducted an assessment of students'
critical thinking skills. Therefore, the
teacher needs to do an assessment of
students ‘critical thinking skill that is used
as evaluation material to determine the
learning model based on students' critical
thinking skills weaknesses
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Abstract: The FesO4 nanoparticles have been successfully synthesized from natural iron sand by using co-
precipitation method at a temperature of 56°C. The elemental identification, structural characterization, and
bonding analysis were carried out using XRF, XRD, and FTIR, respectively. The sample nanoparticles
contain elements of Al, P, Ca, Ti, V, Cr, Mn, Ni, Cu, Zn, Rb, Re, Bi, and Fe. The composition of Fe element
is 87.37%. The sample of the nanoparticle exhibited as the Fes04 which was shown by the diffraction pattern
that belongs to a cubic spinel structure of Fe304. The crystallite size of the nanoparticle is 42.25 + 0.42 nm.
The lattice parameter was found at 8.384 + 0.049 A. The crystallite density is 5.232 x 10° kg/m® while the
lattice strain is 1.413 x 10%/line. The FTIR spectra confirm that the existence of Fe-O stretching vibration in
the range frequency of 658 cm-506 cm.

© 2018 Physics Education, UIN Raden Intan, Lampung, Indonesia.
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INTRODUCTION

Ferrite (MFe2QOy) is one group of oxide
materials that for three decades has
received a lot of attention from researchers
to study. This is because ferrite
nanoparticles have unique physical
properties, including unique mechanical,
optical, electrical, acoustic, and magnetic
properties compared to other material
groups. Ferrite chemical properties such as
the stability of chemical reactions and
photocatalysis are also unique (Jaswal,
Singh, & Jaswal, 2014).

Ferrite materials are in various forms,
such as nanoparticles, nanoribbons,

nanosheets, and nanowires. Nanoparticles
are a form of ferrite material in the form of
particles with various morphologies, for
example like solid balls.

One example of ferrite nanoparticles is
magnetite (Fe30a). The Fes04
nanoparticles consist of divalent cation
Fe** and trivalent Fe3* cations. This
nanoparticle has an inverse spinel crystal
structure with the formula of cation
distribution that is (Fe*)wt [Fe** Fe**]octa
02 (Rani & Varma, 2015). The geometry
of the crystal structure of Fes0s
nanoparticles can be illustrated in Figure 1.
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(b)

Figure 1. Crystal structure inverse spinel Fe;Oa: (a) crystal structure of FesOa, (b) octahedral and
tetrahedral sub lattice structures (Montoro, 1938)

Based on its physical and psycho-
chemical properties, the FesOs nano-
particles  have  various  potential
applications. In the medical field, the
Fe304 can be used as a contrast agent for
MRI images, drug delivery agents, and

cancer thermotherapy agents. In the
environmental field, the FesO4 can be used
as catalysis to reduce organic and
inorganic ~ compounds  found in
contaminated liquid substances. In this
field, the FesOs4 can also be used as a
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magnetic adsorbent for dissolved heavy
metal ions ina liquid (Li et al., 2010; Tang
& Lo, 2013; Xu et al., 2012). In the field
of electronics and instrumentation, the
Fe304 can be applied as the main material
in the manufacture of inductor coils,
electromagnetic wave coating materials,
and microwave absorber (Valenzuela,
2012).

The superior physical and chemical
properties of Fe3Os4 nanoparticles are
influenced by various factors, such as
microstructure, grain morphology
structure and particle size (Jianling, Decal,
Shaolan, Hongchao, & Cui, 2011).
Microstructure factors include crystal
structure, length of crystal lattice
parameters, lattice defects, and crystal
density, including the various phases of
the nanoparticles. The microstructure
factor is influenced by several factors,
namely the type of starting material,
synthesis  method, precursor mole
composition, synthesis temperature, and
additional heat treatment such as
annealing, sintering, or calcination
(Mascolo, Pei, & Ring, 2013).

Various methods have been used to
synthesize FesO4 nanoparticles, such as
coprecipitation (Frey, Peng, Cheng, &
Sun, 2009; Jianling et al., 2011; Mascolo
et al., 2013; Wang, Wei, & Qu, 2013)
thermal  decomposition and  metal
reduction reactions (Taufig, Triwikantoro,
Pratapa, & Darminto, 2008). The
coprecipitation method is the easiest
chemical method to do compared to other
methods because the co-precipitation
method does not involve a high synthesis
temperature (> 150°C), a long synthesis
time, and the process is not complicated
(Nuzully, Kato, Iwata, & Suharyadi,
2013).

The use of coprecipitation method in
the synthesis of FesOs nanoparticles
involves precursors in the form of
anhydrous metal salt compounds (metal
salt), such as FeCls.6H.O as providers of
Fe®" and FeCl..4H,0 cations as providers

of Fe?*, or Fe;S04.6H,0 cations as Fe?*
providers (Dewi, Puji, & Suharyadi, 2014;
Triwikantoro, Yahya, & Darminto, 2011).
The synthetic anhydrous compounds can
be replaced with natural materials such as
iron sand containing Fe?* and Fe** metals.
Several studies have succeeded in
synthesizing FezOs4 nanoparticles using
natural materials of iron sand, such as (A.
Taufik et al., 2017; Bilalodin, Sunardy, &
Effendy, 2013; Setiadi et al., 2016; Taufiq
et al., 2008; Triwikantoro et al., 2011).

In this research, Fez0s nanoparticles
will be synthesized from natural materials
of iron sand found in Wari Ino Beach,
Tobelo Subdistrict, North Halmahera as
precursors in providing Fe?* and Fe* ions.
The availability of iron sand in Wari Ino
Beach is very abundant, and until now
there has been no research that covers the
metal mineral content of iron Fe** and
Fe3*, especially using them as a base for
the synthesis of FesOs4 nanoparticles.
Information about the mineral content of
iron sand from Wari Ino Beach is very
interesting to study, and the process of
synthesizing Fe3Os4 nanoparticles using
those sand needs to be done in the
framework of its application for various
fields, especially the environment.
Microstructure  studies  of  FeszOs
nanoparticles from iron sand are important
to be carried out in order to provide
empirical justification of their physical
and chemical properties.

This study focuses on the synthesis and
microstructure  studies  of  Fe3O4
nanoparticles including crystal structure,
lattice parameters (lattice parameters),
crystal spacing, X-ray density, lattice
strain, and texture coefficient.

METHOD
Apparatus and Materials

The apparatus used to synthesize FezOa
nanoparticles are 250 ml beaker, 100 ml
beaker, spatula rod, drop pipette, pour
bottle, petri dish, magnetic hot plate, oven,
thermometer, pH meter, and digital scales.
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The characterization tools used for the
identification of elemental composition,
the crystal structure and functional group

bonds of nanoparticle are X-Ray
Fluorescence (XRF), X-Ray
Diffractometer (XRD) and Fourier
Transform Infrared (FTIR) Spectro-
photometer, consecutively. The material
used for the synthesis of Fe3Oa

nanoparticles is iron sand from Wari Ino
Beach.

Sample Preparation Procedure

The synthesis process of Fe30s
nanoparticles can be illustrated such as
Figure 2. The process was started by
dissolving iron sand (total mass of 10
grams) into 20 ml HCI (6M) and stirred
while heating at 70°C for 30 minutes on a
hot plate stirrer with the aim of forming a
solution of FeCls and FeCl,. A total of 3.0
grams of NaOH were dissolved in 20 ml of

Fes04

Nanoparticles
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distilled water. The NaOH solution was
heated for 10 minutes after being sterilized
for 15 minutes. The iron sand solution is
dropped into a NaOH solution using a
dropping pipette while being sterilized and
heated with a synthesis temperature of
56°C.

After an hour, black deposits will form.
The temperature of this precipitate is
naturally derived until it reaches thermal
equilibrium with room temperature. The
precipitate was rinsed with distilled water
and deposited again on a permanent
magnet for 30 minutes. The rinsing
process is carried out five timesThe
precipitate is then in the oven at a
temperature of 100°C for 3 hours. This
slurry heating process will produce solid
pieces which are a collection of FesO4
nanoparticles. The chips are crushed to
produce nanoparticle powder which is
further characterized.

Figure 2. The process of synthesis of Fe;04 samples.
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Characterization of Nanoparticles

The elemental composition of the
samples was identified using the XRF
instrument.  Characterization of a
microstructure of nanoparticles including
crystal structure, lattice parameters,
crystal spacing distance, X-ray density,
lattice strain, and texture coefficient was
carried out using XRD. Nanoparticle
functional groups were characterized
using FTIR.

RESULTS AND DISCUSSION
Qualitative  Description  of
Nanoparticles

The sample obtained from the synthesis
of Fe3sO4 nanoparticles in the form of fine
black powder. The black color is one of the
characteristics of Fe3O4 nanoparticles. In
addition, other characteristics have also
been observed, namely the response of
powder nanoparticles when tested with an
external magnet. Powder nanoparticles

Fe3O4
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experience a magnetic attraction to

external magnets.

The Elemental Composition of FezO4

The XRF characterization results of
FesOs nanoparticle samples provide
information regarding the type and
composition of the elements contained in
the sample. The types of these elements
are determined based on characteristic X-
ray energy radiated by the atoms contained
in the material. Meanwhile, the element
composition is indicated by the peak
height of the spectra as shown in Figure 3.

The XRF spectra confirmed the
presence of fourteen types of elements
contained in Fe3O4 nanoparticle samples,
namely aluminum (Al), phosphorus (P),
calcium (Ca), titanium (Ti), vanadium (V),
chromium (Cr), manganese ( Mn), Iron
(Fe), Nickel (Ni), copper (Cu), Zinc (Zn),
Rubidium (Rb), rhenium (Re) and bismuth
(Bi) are presented in Table 1.
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Figure 3. The XRF Spectra of FezO4 nanoparticles

According to the results, the most
elemental content is iron (Fe) with an

elemental composition of 87.35%, while
the least elemental content is zinc (Zn)
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with an elemental composition of 0.08%.
The composition of Fe metal in the sample
results of this study is greater than the
results obtained by (Bilalodin et al., 2013;
Linda & Pratapa, 2014; Triwikantoro et
al., 2011). (Triwikantoro et al., 2011) used
the coprecipitation synthesis method at
80°C for an hour and produced Fe3O4
samples with Fe content of 76.92%.
Bilalodin et al. (2013) obtained a Fe
content of 21.00%. Meanwhile, Kartika
and Pratama (2014) using the dissolved
metal method of hydrochloric acid
produced FesOs4 samples with Fe
composition of 87.00%. The difference in
results can be caused by differences in
synthesis  methods and  synthesis
parameters used in producing Fe3O4
nanoparticles. Therefore, the selection of
the right synthesis method and the value of
the synthesis parameter is very influential
mainly on the composition and physical
properties of FesO4 produced.

Table 1. Elemental composition of sample

No Element Composition (%)
1 Al 1.00
2 P 0.26
3 Ca 0.61
4 Ti 4,73
5 \% 0.63
6 Cr 1.75
7 Mn 0.56
8 Fe 87.35
9 Ni 1.34

10 Cu 0.14

11 Zn 0.08

12 Rb 0.46

13 Re 0.20

14 Bi 0.68

Based on the results in Table 1, the
FesOs nanoparticles still  contained
impurities such as Al, P, Ca, Ti, V, Cr, Mn,
Ni, Cu, Zn, Rb, Re, and Bi. This states that
the process of separating magnetic iron
material with nonmagnetic elements has
not yet occurred optimally. The existence
of these elements does not significantly

affect the physical and psycho-chemical
properties of FezO4 nanoparticles.

The Microstructural
FesOq

X-ray diffraction test was carried out to
identify the microstructure and crystal
structure of FesOs nanoparticles which
included  crystallite  size, lattice
parameters, crystal density, lattice strain,
and texture coefficient. X-ray diffraction
data of FesO4 samples were adjusted to the
standard data of Joint Committee Powder
Diffraction Standard (JCPDS) no. 11-
0614.

The X-ray diffraction test results of
Fe304 nanoparticles give data in the form
of 20 diffraction angle and intensity. The
diffraction pattern was plotted by using
Origin 9.0 for Windows software as shown
in Figure 4. The diffraction pattern shows
the existence of seven diffraction peaks.
The seven diffraction peaks state the
electron diffraction process that occurs in
the diffraction (hkl) plane of Fe3O4
nanoparticles, namely fields (220), (311),
(400), (422), (511), (440), and (533) which
are characteristics of FezO4 nanoparticle
diffraction pattern according to JCPDS
standard data 11-0614. In this diffraction
pattern, no diffraction peaks were found in
phases other than Fe3Os4, so it can be
concluded that the pure synthesized
samples consisted of FesO4 nanoparticles.

The calculation results of the crystal
lattice of Fe3O4 nanoparticle approach the
standard value according to JCPDS
number 11-0614, which is 8.34 + 0.049 A,
This value is equivalent to the results of
research by Darminto et al (2011), Setiadi
et al (2016) and the standard value of the
JCPDS data is 8.396 A. The volume of the
FesO4 crystal lattice is 0.589x102" m?3,
The average size of FesO4 nanoparticles is
24.25 £ 0.042 nm. The crystal lattice
density (px) FesO4 is 5.232 x 10% kg/m® and
the strain value that occurs in the lattice (g)
is 1.413x 107 /line.

properties of
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Figure 4. The XRD pattern of FesO4 nanoparticles

The degree of crystallinity of FezOs
samples can be identified based on data of
texture coefficient (TC) of relating
diffraction peak (hkl). Figure 5 shows the
TC value (hkl) for each orientation
direction of FesO4 nanoparticles crystal
grains. The results of calculation of TC
values (hkl) diffraction peaks in fields
(220), (311), (400), (422), (511), (440) and
(533) respectively (0.9), (2, 3), (0.7), (0.4),

(0.8), (1.2) and (0.6). From the calculation
of the TC (hkl) value there are five
diffraction peaks which have a TC value
(hkl) smaller than 1 of them namely the
diffraction peaks of the fields (220), (440),
(422), (511) and (533) indicates that the
growth of Fes3Os nanoparticles at the
diffraction peak tends to be very low and
the direction of the crystal grain
orientation is not regular.
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Figure 5. Texture coefficient of the XRD peaks of the FesO4 nanoparticle

4. Functional Groups Bonds of Fe304

The Fourier Transform Infrared
Spectroscopy (FTIR) test results provide
information about the infrared spectra
absorption profile on FesOs nanoparticle
samples. Characterization of Fe30s
nanoparticles FTIR was carried out for the
500 cm- 4000 cm™ wavenumber interval.
The data plot transmits the wave number
of infrared light in the form of sharp
absorption peaks in certain wavenumbers
resulting from the vibration of certain
functional groups, as shown in Figure 6
and Table 2.

The stretching vibration of Fe-O
functional groups occurs for absorption of
infrared wavenumbers in the range 506
cm?®- 658 cm?. These results are
consistent with the findings of (Setiadi et
al., 2016). In the wave number interval
1672 cm™ - 1367 cm™ it is identified the
occurrence of bending vibration of the H-
O-H group, while the O-H group vibrates
stretching at a wave number interval of
3028 cm™- 3400 cm™. At wave number
interval 2920 cm™ - 2855 cm?, stretching
vibration of C-H group is identified.

45
Fe: O, Nanoparticles
40 -
= ]
E a8 ]
q’ e
L& K o~ -
s 4 H-O-H
"E 30 — Bending
= ]
S ] _c-n
; 25 7] O-H Stretching Fe-O
] T Stretching Sretching e
20-" LTI B T S T BE Y7 SRR X2 T . LEX R 21 7 PR B S T
4000 3500 3000 2500 2000 1500 1000 50

Wavenumber {(cm™)
Figure 6. The FTIR Spectra of Fe;04 nanoparticle
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Table 2. Functional group bonds of FesO4
nanoparticles

No Wavenumber (cm™) Functional group

1 658-506 Fe — O stretching

2 1672 -1367 H — O — H bending

3 3028 - 3400 O — H stretching

4 2920 - 2855 C — H stretching
CONCLUSION

The Fe30s nanoparticles have been
successfully  synthesized using the
coprecipitation method at 56°C. The Fe304
samples synthesized from the iron sand of
Wari Ino Beach contain elements of Fe at
87.35%. The Fe3z0s nanoparticles have a
spinel cubic crystal structure. The average
crystallite size (t) of FesO4 nanoparticles
was 24.25 = 0.42 nm, and the crystal
lattice (aex) parameter value was 8.34 +
0.049 A. The appearance of stretching
vibration of the Fe-O functional group at a
wave number of 658 cm™ - 506 cm™ also
shows the success of the formation of
Fe304 nanoparticles.

ACKNOWLEDGMENTS

The author would like to thank the staff
of Laboratorium IPA Terpadu Universitas
Halmahera for providing opportunities
using the research facilities, staff of the
Mineral Laboratory and Advanced
Materials of the Mathematics and Natural
Sciences Faculty of Malang State
University which helped provide facilities
for characterizing FesO4 nanoparticles, as
well as the Magnetic Nanomaterial
Research Group UGM for providing the
materials.

REFERENCES

A. Taufik, R.E. Saputro, Sunaryono, N.
Hidayat, A. Hidayat, N. Mufti, & H.
Nur.  (2017).  Fabrication  of
Magnetite Nanoparticles Dispersed
in Olive Oil and Their Structural and

Magnetic Investigations. In 1OP
Conf. Series: Materials Science and
Engineering (p. 9). Malang: IOP
Publishing Ltd.
https://doi.org/10.1088/1757-
899X/202/1/012008.

Bilalodin, Sunardy, & Effendy, M. (2013).
Analisis Kandungan Senyawa Kimia
dan Uji Sifat Magnetik Pasir Besi
Pantai  Ambal. Jurnal Fisika
Indonesia, 17, 29-31.

Dewi, S., Puji, F., & Suharyadi, E. (2014).
Studi Penurunan Kadar Logam Fe
dan Co pada Limbah Cair dengan
Sistem Purifikasi Berbasis Adsorben
Nanopartikel Magnetik FesO4. Jurnal
Fisika Indonesia, 18, 16-19.

Frey, N. A., Peng, S., Cheng, K., & Sun,
S. (2009). Magnetic Nanoparticles :
Synthesis, Functionalization, and
Applications in Bioimaging and
Magnetic Energy Storage. Chemical
Society Review, 2532-2542.
https://doi.org/10.1039/b815548h.

Jaswal, L., Singh, B., & Jaswal, L. (2014).
Ferrite materials: A Chronological
Review. Journal of Integrated
Science & Technology, 2(2), 69-71.

Jianling, L. I., Decai, L. I., Shaolan, Z.,
Hongchao, C. U. I, & Cui, W.
(2011). Analysis of the Factors
Affecting the Magnetic
Characteristics  of  Nano-FezOs
Particles. Chinese Science Bulletin,
56(8), 803-810.
https://doi.org/10.1007/s11434-010-
4126-z.

Li, J., Fan, M., Brown, R. C,, Van, J. H,,
Wang, J., Wang, W., & Song, Y.
(2010). Synthesis, Properties, and
Environmental  Applications  of
Nanoscale Iron-Based Materials: A
Review. Critical Reviews in
Environmental Science and
Technology, 36, 37-41.

Linda, D., & Pratapa, S. (2014). Sintesis
Fe>Oz dari Pasir Besi dengan Metode
Logam Terlarut Asam Klorida. Jurnal
Sains Dan Seni Pomits, 3(2), 33-35.



138 Jurnal limiah Pendidikan FisikaAl-BiRuNi, 07 (2) (2018) 129-138

Mascolo, M. C., Pei, Y., & Ring, T. A.
(2013). Nanoparticles in a Large pH
Window with Different Bases.
Materials, 6, 5549-5567.
https://doi.org/10.3390/ma6125549.

Montoro. (1938). Miscibilita Fra Gli
Ossidi Salini di Ferroe di Manganese.
Gazzetta Chimica Italiana, 68, 728—
733.

Nuzully, S., Kato, T., lwata, S., &
Suharyadi, E. (2013). Pengaruh
Konsentrasi  Polyethylene  Glycol
(PEG ) pada Sifat Kemagnetan
Nanopartikel Magnetik PEG-Coated
FesO4. Jurnal Fisika Indonesia, 17,
35-40.

Rani, S., & Varma, G. D. (2015).
Superparamagnetism and
Metamagnetic transition in FesO4
Nanoparticles  Synthesized  via
Coprecipitation Method at Different
pH. Physica B: Physics of Condensed
Matter. https://doi.org/10.1016/-
J-physb.2015.05.016.

Setiadi, E. A., Sebayang, P., Ginting, M.,
Sari, A. Y., Kurniawan, C., Saragih,
S. ., & Simamora, P. (2016). The
synthesization of FesOs Magnetic
Nanoparticles Based on Natural Iron
Sand by Coprecipitation Method for
the Used of the Adsorption of Cu and
Pb lons. Journal of Physics:
Conference Series. https://doi.org/-
10.1088/1742-6596/776/1/012020.

Tang, S. C. N.,, & Lo, I. M. C. (2013).
Magnetic nanoparticles: Essential

Factors for Sustainable
Environmental Applications. Water
Research, 47(8), 2613-2632.

https://doi.org/10.1016/-
J-watres.2013.02.039.

Taufig, A., Triwikantoro, T., Pratapa, S.,
& Darminto. (2008). Sintesis Partikel
Nano Fez-xMnxO4 Berbasis Pasir Besi
dan Karakterisasi Struktur serta
Kemagnetannya Sintesis Partikel
Nano FesxMnxOs Berbasis Pasir

Besi. Jurnal Nanosains
&Nanoteknologi, 1(2).
Triwikantoro, Yahya, & Darminto.

(2011).  Synthesis of  Fe3O4
Nanoparticles from Iron Sands and
Effects of Ni and Zn Substitution on
Structures and Magnetic Properties.
Journal of Materials Science and
Engineering A, 1(2), 182-1809.

Valenzuela. (2012). Novel Applications of
Ferrites. Physics Research
International, 2012, 9.
https://doi.org/-
10.1155/2012/591839.

Wang, B., Wei, Q., & Qu, S. (2013).
Synthesis and Characterization of
Uniform and Crystalline Magnetite
Nanoparticles via Oxidation-
precipitation and Modified co-
precipitation Methods. International
Journal of Electrochemical Science,
8, 3786-3793.

Xu, P., Ming, G., Lian, D., Ling, C., Hu,
S., & Hua, M. (2012). The Use of
Iron Oxide Nanomaterials in
Wastewater Treatment: A Review.
Science of the Total Environment,
424, 1-10.
https://doi.org/10.1016/j.scitotenv.20
12.02.023.



P-ISSN: 2303-1832

e-ISSN: 2503-023X
October 2018

Jurnal llmiah Pendidikan Fisika Al-BiRuNi 07 (2) (2018) 227-237
DOI: 10.24042/jipfalbiruni.v7i2.3072

DEVELOPMENT OF PHOTONOVELA WITH CHARACTER EDUCATION: AS
AN ALTERNATIVE OF PHYSICS LEARNING MEDIA

Farida Ariyani*!, Taras Nayana?, Antomi Saregar?, Yuberti*, Agitha Pricilia®
L5 Faculty of Education and Teacher Training, University of Lampung, Lampung, Indonesia
23,4 physics Education Department, Universitas Islam Negeri Raden Intan, Lampung, Indonesia
*Correspondence address: dulifarida@gmail.com

Received: June 14™, 2018. Accepted: October 07™, 2018. Published: October 28™, 2018

Abstract: The internalization of character education in science learning through a variety of learning media
has been researched recently, one of which is through the photonovela media which is the medium of
insertion of character values in learning material. The focus of this research is; 1) developing photonovela
learning media with character education on work material and energy, 2) knowing photonovela media
feasibility as a supplement to physics learning with character education on work material and energy 3)
knowing the response of students to photonovela media with character education in an energy material. This
research is a Research and Development study adopted the development of Borg and Gall with the subject
of junior high school students. The research instruments used were questionnaires by material experts, media
experts, and junior high school physics teachers and questionnaires for students' responses in the three
schools. The results of the assessment by material experts obtained a percentage of 85%, the assessment of
media experts was 90%, and the assessment of junior high school teachers was 84.16%, while the response
of students in three junior high schools was 87.6%, 94%, and 93.6%. In conclusion, this study produced a
product in the form of appropriate photonovela media as a supplement to physics learning with character
education on business material and energy.
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INTRODUCTION The problem of most students is that

physics is difficult to understand (Chhetri,

The values of character education can
be developed, integrated and internalized
with students through the learning process,
including in physics learning (Anwar,
2017; Diani, 2015; Khoiron & Sutadji,
2012; Maiyena, 2013; Nurhuda, Waluyo,
& Suyitno, 2017). Physics is known as
science that is very closely related to
human behavior and life (Saregar, 2016;
Venisari, Gunawan, & Sutrio, 2015). This
shows that the competencies students must
possess are not only limited to cognitive
abilities but also the character of students
(Sole & Anggraeni, 2016; Widyaningsih &
Yusuf, 2015). While all this time learning
physics still focuses on cognitive aspects
only (Mujizatullah, 2018).

2017; Hofer, Schumacher, Rubin, & Stern,
2018; Irmawati, Djalaluddin, & Wahyuni,
2017; Irwandani, Latifah, Asyhari,
Muzannur, & Widayanti, 2017; Rosdianto,
Murdani, & Hendra, 2017; Sugiana,
Harjono, & Sahidu, 2016), one of the
causes is the lack of proper use of learning
media used by teachers (Agustin,
Bektiarso, & Bachtiar, 2018), so students
can hardly observe the mechanism that
occurs during learning activities (Weng,
Lin, & She, 2017), preferably the previous
learning conditions should be improved
(Saregar, Latifah, & Sari, 2016), so
students play an active role in the learning
process (Haruehansawasin & Kiattikomol,
2018).
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Education is currently facing the
challenges of the fourth industrial
revolution or Industry 4.0 (Ciffolilli &
Muscio, 2018). The teacher as a facilitator
must be skilled in mastering various
models and learning media that are in
accordance with the characteristics of the
material to be delivered (Barus & Sani,
2017; Suranti, Gunawan, & Sahidu, 2016;
Suryani, Sakti, & Purwanto, 2018), using
or making interesting learning media, so
learning materials are easy to understand

(Ardiyanti, Usman, & Bandu, 2018;
Saregar, Diani, & Kholid, 2017; N. Sari,
Suryanti, Manurung, & Sintia, 2017;

Suyanto, 2018), and encourage students
actively in the learning process
(Abdurrahman, Saregar, & Umam, 2018).

The types of learning media that are
relevant include; information technology-
based learning media (I. A. D. Astuti,
Nurullaeli, & Nugraha, 2018), and rack
and pinion type media (Rubiyanto &
Susanto, 2018), as well as other learning
media that can be used to facilitate the
learning process, in this case selected
learning media to shape the character of
students as learners, the selected media is
photonovela learning media.

Photonovela is a media that resembles
comics or picture stories, using
photographs as a substitute for illustrated
images (Anggia & Dra. An Fauzia Rozani
Sy., 2014; Herdiani, Maskur, &
Noordyana,  2017).  The  general
characteristics of this media are some of
them that; easy to make yourself in a
simple manner, in accordance with the
students ‘emotions and the theme in this
media is based on the students' real
conditions with the intention that students
are easier to understand (Widyaningrum &
Prihastari, 2018), then aim to determine
the direction of learning activities, in order
to be able to practice character values to
students (Oktaviani, Yulkifli, & Murtiani,
2017; R. T. Sari & Jusar, 2017), one of the
advantages of this media is that space and
time limitations can be overcome (Yusro

& Sasono, 2016). So that the students will
feel helping in the learning (E.P, Bektiarso,
& Gani, 2017). So, the learning media
occupies an important position as one of
the supporting components in the learning
system (Muslina, Abdul, & lbnu, 2017;
Ramadhanti, Edwita, & Sumantri, 2018;
Setiawan, Arifin, & Ardianto, 2018;
Widada & Rosyidi, 2017).

Photonovela media is not only used in
the field of education but in the field of
health media is often used as an alternative
media, this is in accordance with previous
research that produced local wisdom-
based photonovela learning media on the
subject of effective and practical Newton
law (Rahayu, Sutikno, & Masturi, 2015),
in the field of health explains photonovela
is able to increase knowledge of
depression and reduce stigma among
Hispanic adults (Unger, Cabassa, Molina,
Contreras, & Baron, 2013), then
photonovela is able to increase knowledge,
attitudes, and intentions of human
papillomavirus vaccine in the community
Hispanic income is low (Chan, Brown,
Sepulveda, & Teran-Clayton, 2015).
Furthermore, it can influence Dutch adults
with varying levels of literacy to find out
about diabetes by reading photonovela
(Koops van ’t Jagt et al., 2018).

Different from this research and
development from previous research,
researchers will develop photonovela
media with character education, in the
form of inserting character values on each
material, then choosing different materials
namely business and energy, as well as the
conditions of different schools and places.

METHOD
Research Design

This research is a research and
development that uses Borg & Gall
procedural models. Procedural models are
descriptive  models  that  describe
procedural steps that must be followed to
produce products (Wicaksono, Roekhan,
& Hasanah, 2018).
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In the stages of development research
consist of 10 development steps (Nugraha,
2017). The tenth steps are not all to be
done, the researcher just adopt seven steps
because they have answered the research

(Research and information)
Researchers conducted pre-research by
obtaining information using questionnaires,
observation and interviews

(Preliminary Field Testing)

The products were assessed by a validator
team of 6 people, namely media experts,
material experts, and religious experts. This
aims to get the results of the feasibility of
poster media.

4

(Main Product Revision)
Product revisions are made after receiving
input and suggestions from the validator
team

objectives that test the attractiveness and
feasibility of learning media as a
supplement to physics learning with
character education. The seven-step
procedure carried out by researchers is;

(Planing)
The researcher prepared the material to be
used and designed the fotonovela media
based on character education

118

(Develop Preliminary Form of Product)
Designing photonovela as attractive as
possible by inserting character values

using the application (comic life 3)

~

(Main Field Testing)

Product trials were carried out in a
limited group, consisting of 10 students
from three schools, this was done to
obtain whether photonovela media is
useful in learning and knowing student
responses

- /
<

Operational Product Revision
Revisions are made when the product is
not yet suitable and is not feasible to use,
in this study it was found that
photonovela media is suitable for use in
learning

Figure 1. The research procedures of Borg and Gall
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The results of the product are feasible
or not, and student responses are measured
using research instruments in the form of
questionnaires by material experts, media
experts, junior high school physics
teachers and questionnaires for students’
responses in the three schools.

Data Analysis

The data of research was collected
using expert validation sheets, educator
response sheets. The student response
sheets and then the validation data were
analyzed using a Likert scale (Adawiyah,
Lesmono, & Prastowo, 2018).

Calculate the percentage of eligibility
of each aspect with the Likert scale
formula (Asyhari & Silvia, 2016):

N = 2x 100 %
Eaxi
Information:
P = Persentase
Y.x = Number of respondents' answers in
1 item

Y«i = Number of the ideal score in item

Rating Score

Changes in the results of the assessment
of media experts, material experts,
educators and responses of students from
letters to scores are the provisions in the
following figure 2;

Scoring Rules

6

- 7

2%@

. B w
Very Well Enough Less VeryLless
Good

Figure 2. Scoring rules

To determine the feasibility of
photonovela media as a supplement to
physics learning, it contains character
education in business and energy material,
namely by giving respondents respite.

The result of percentage score obtained
from the study is interpreted on the scale
of interpretation of criteria in the
following Table 1;

Table 1. Scale of Intrepretation Criteria
(Damayanti, Komikesari, Syafei, &
Rahayu, 2018).

Persentase Criteria
80% <P <100% Very decent
60% <P < 80% Decently
40% <P < 60% Enough decent
20% <P <40% Less decent

0% <P<20% Very less decent

In Table 1 the scale of interpretation
criteria the researchers can see the
percentage of the results of the feasibility
assessment or not the product to serve as a
learning medium.

RESULTS AND DISCUSSION
Result of Research

The researcher presents the results of
the products developed, namely the
photonovela media as a supplement to
physics learning with character education.
The cover of photonovela media
developed can be seen in the following
figure 3;

TARASINAYANAI

SCIENCE

T Rt

Media Fotonovela debagai Suplemen Pembelajaran Fisika Berbasis Pendidikan Karakter

Figure 3. Cover media photonovela
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Figure 3 is a photonovela cover
developed. Photonovela media with the
insertion of character values on energy
material, using photographs obtained from
the results of the shoot.

After the product was successfully
developed and tested its feasibility by-
product validation. The following are the
results of the feasibility test;

Validation of Material Expert

The results of the validation of the
material expert assessment on the product
can be seen in the following figure 4;

86.50%
86.00%
85.50%
85.00%
84.50%
84.00%
83.50%
83.00%

Figure 4. Percentage of material assessment

Based on Figure 4, the percentage of
material expert validator evaluations on
the aspect of content eligibility with
business and energy material obtained a
percentage of 86%, 85% percentage of the
feasibility of presentation evaluation,
84.40%  for language  feasibility
assessment, and 84 for the contextual
assessment. 40%, all proceeds of the
percentage are stated as very feasible.

Validation of Media Expert

The results of the validation of media
expert judgment on the product can be
seen in the following figure 5;

94.00%
92.00% {1 % Fotonovela
20.00% 1 Size
Bl B8 Fotonovela
88.00% 11 Design
86.00% é & Creatifity
84.00% é , _
82.00% é & Presentation
80.00% -+

Figure 5. Results of evaluation by media experts

Based on Figure 5, the percentage of
media expert validator evaluations on the
photonovela size aspect obtained a
percentage of 93%, the photonovela
design assessment obtained a percentage
of 85%, the creativity assessment got a
percentage of 93%, and the percentage
assessment was 87%, the very decent
category expressed all percentage results.

Validation of SMP/MTs Educators in
Three Schools
The results of validation by SMP Al-
Huda Jati Agung, MTs Muhammadiyah
Sukarame Bandar Lampung, and SMP N 1
Gisting, can be seen in the following figure
6;
100% B Conformity
with KD
80% B Material
Update
H Material
Accuracy
Media Display

60%
40%
20%

B Techniques
Presentation

0% -REHds

Figure 6. Results of validation by educators in
Schools

Based on Figure 6, the percentage of
the results of the three School educators'
assessment of the material suitability
aspects with basic competencies (KD)
obtained a percentage of 87%,
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the material assessment obtained a
percentage of 81%, the assessment of the
accuracy of the material obtained a
percentage of 93.30%, evaluation of media
appearance obtained percentage by 84%,
the percentage results are expressed as
very feasible, then the evaluation of the
presentation technique is 75% with a
decent category.

The response of Students in Three
Schools

The results of trials on students can be
seen in Figure 7 below;

0,
6% | Conformity of

Material
Interest

94% i

92% -
B Material

accuracy
88% Media Display

90%

86% - Presentation
Techniques

Figure 7. Results of the Response of Students in
Schools

Based on Figure 7, the percentage of
the results of field trials on students in the
three schools in the material suitability
aspects with basic competencies obtained
a percentage of 92%, an interest
assessment obtained a percentage of
91.30%, an assessment of the accuracy of
the material obtained by 89%, an
assessment of media appearance obtained
percentage at 92%, then the assessment on
the presentation technique obtained a
percentage of 95% of the results of all
percentages included in the very feasible
category.

DISCUSSION

The results of a product that have been
developed, namely photonovela learning
media received a positive assessment by
students as product users. Some product
results can be seen in Figure 8 below,

Yaito pada @3 Yonus ayat
5 G.DG‘BI berikot:

bagi perjalanan bulan-bula upaya kami

Sl ani e s gars Ewak ) SR Ak AaLycdntd A LAY v
demikian itu melainkan dengan hak. Dia menjelaskan tanda-tanda
kebesaran-Nya) kepada 2 & yang

Flgure 8 Footage of content on the results of photonovela medla development
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Figure 8, it shows that the product
developed contains character values in
business and energy material, using
photographs obtained from the results of
shooting and equipped with the material,
examples of questions and evaluations that
can be used in student learning to be more
interesting. In accordance with its
characteristics, the theme of the media is
based on the real conditions of students
with the aim that students more easily
understand the material presented.

The products developed have been
validated by six experts including three
material experts and three media experts
with the results of material validation,
media expert validation, validation by
junior high school / Madrasah educators in
the three schools, and responses from
students in all three schools. Then in each
aspect of the assessment to obtain a
percentage ranging from 75% to 95%, the
products included in the category of
decent to very feasible. Photonovela
learning media helps students to be able to
study physics material either
independently, in groups or learning with
teachers in class. Through this media
students are not only required to obtain
good cognitive values, but the insertion of
character values in the media is able to
influence student character education,
where students not only understand the
material presented but students naturally
learn character values that able to educate
students' behavior so that positive habits
are embedded in each learning activity. In
line with previous research was that
succeeded in increasing  students'
motivation and creative thinking abilities
using photonovela media (P. Astuti,
2017).

The advantages of photonovela
learning media found after research
include: 1) Photonovela can motivate
students during the teaching and learning
process; 2) Photonovela consists of images
which are media that can improve the
quality of learning; 3) Photonovela is

permanent and able to integrate character
values through learning; 4) Photonovela
can generate interest in reading and direct
students to read discipline especially those
who do not like to read; 5) Photonovela is
part of popular culture.

The disadvantages of photonovela
learning media found after research
include: 1) Photonovela limits even
allowing the killing of imagination; 2)
Submission of subject matter through
photonovela media is too simple and may
be developed again; 3) The use of
photonovela media is only effective in
visual-style students.

CONCLUSION AND SUGGESTION
Conclusion

This  research  concluded  that
photonovela learning media with character
education can provide a more interesting
learning atmosphere by inserting character
education each learning using photonovela
media. Then photonovela learning media
as a supplement to physics learning with
character education is worthy of being
used in learning. The results of the trials
carried out were small group trials from
three schools that obtained an average
percentage of eligibility of 88.3% with a
very feasible category. In the field trials
conducted in three schools, the average
percentage of feasibility was 92% with a
very feasible category to be implemented
in learning in class and outside the
classroom.

Suggestion

The use of photonovela learning media
can affect student character education.
From the results of this research can be
carried out further research on learning
with photonovela learning media for
different concepts or topics. In making
photonovela learning media with character
education on work material and energy
there are several obstacles or difficulties
that might be an improvement for future
researchers.
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