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ABSTRACT

This study aimed to analyse prospective physics teachers’ feedback during the implementation of online
peer-assessment in Teaching Physics in English course. Twenty prospective physics teachers participated
in this study. They were familiar with the use of smart phone in their daily life. They tend to communicate
using social media such as WhatsApp application. The students have practiced in using paper based peer-
assessment in other courses, but they have not applied it in online method providing real time feedback
and score. The implementation of online peer-assessment challenged the students to assess their peer
objectively. The lecturers’ feedback influence students’ skills how to evaluate their peer performance. Several
factors may influence the quality of students’ online peer-assessment such as students’ culture back ground,
implementation of the online peer-assessment, and practicant’s performance.

ABSTRAK

Studi ini bertujuan untuk menganalisis balikan dari mahasiswa calon guru fisika dalam pelaksanaan online
peer-assessment dalam matakuliah Teaching Physics in English. Dua puluh mahasiswa calon guru fisika
berpartisipasi dalam kegiatan penelitian ini. Mereka sudah terbiasa menggunakan smartphone dalam
aktivitas sehari-hari. Mereka cenderung menggunakan akun jejaring sosial seperti aplikasi WhatsApp.
Mahasiswa calon guru fisika tersebut sudah pernah menerapkan kegiatan penilaian sejawat secara
tradisional dengan menggunakan lembar pengematan di matakuliah lain, akan tetapi mereka belum pernah
menerapkan online peer-assessment yang menghasilkan skor penilaian dan balikan atau masukan yang
secara langsung. Penerapan penilaian teman sejawat berbasis online ini memberikan tantangan bagi para
mahasiswa untuk memberikan penilaian secara objektif. Balikan dari dosen mempengaruhi keterampilan
mahasiswa dalam mengevaluasi teman sejawat mereka. Beberapa faktor yang mempengaruhi kualitas
penilaian teman sejawat secara online dari mahasiswa calon guru fisika meliputi latar belakang sosial
budaya mahasiswa, pelaksanaan kegiatan penilaian teman sejawat secara online, serta kualitas tampilan
seorang practitioner di depan kelas.
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INTRODUCTION

Recently, prospective physics teacher
have a global world challenge. This condition
is supported by the rapid growth of Information
and Communication Technology. The develop-
ment of ICT with all the facilities offers a va-
riety of facilities for humans in communicating
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and activities. As part of the global community,
prospective physics teacher should have ade-
quate skills to face the future challenges. The-
se challenges include the implementation of
the ASEAN Economic Community (AEC). The
implementation of the AEC gives consequen-
ces for the freedom of the incoming and out-
going flows of labor among ASEAN countries.
One of the provisions that must be had to
face this challenge is the ability to teach physics
in English. Teaching in English is not an easy
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matter for physics teacher candidates. Lear-
ning strategies, the selection of relevant topics,
and the determination of the type of evaluation
have an impact on the success of the students
in teaching, of course it will be more impact if
they have to prepare it in English.

The determination of effective evaluation
type to measure the student’s learning achie-
vement is the main concern in this research.
Applying effective and efficient assessment
types is expected to enable optimal results in
the implementation of learning. Theoretically,
optimal results can be achieved if the students
obtain an academic climate that supports and
stimulates them to increas their competences.
This academic climate is strived to be realized
through the application of online peer-assess-
ment.

Peer-assessment is part of formative as-
sessment. This assessment is characterized
by efforts of achieving the learning objectives
and improving student achievement in Teach-
ing Physics in English subject. The use of the
assessment is also expected to improve the
quality of learning and to enhance student par-
ticipation in learning activities. Khusaini (2016)
found that the use of online peer-assessment
can increase the enthusiasm and participation
of students in lectures. Student involvement
in the peer-assessment activities is one of the
new types of assessment implementations.
This assessment allows students to increase
their participation in learning activities as well
as to increase their ability of self-evaluation
(Dochy, Segers, & Sluijsmans, 1999; Valle, An-
drade, Palma, & Hefferen, 2016).

The use of peer-assessment also has a
positive impact in the development of student
competence. Khusaini (2016) found that the
ability of prospective physics teacher in the
learning activities increased after receiving
feedback from colleagues. This finding is sup-
ported by Topping (1999) who revealed that
there is a positive impact of peer-assessment
in improving students’ learning achievement.

Online peer-assessment is part of the
learning innovation that is supposed to be con-
tinuously improved. This innovation is charac-
terized by the integrated use of ICT facilities in
learning activities. The use of ICT tools allows
positive impacts if applied appropriately. The
use of ICT facilities can provide ease in giving
feedback and improve the effectiveness of as-
sessment activities to improve student achieve-
ment (Anderson, Healy, Kole, & Bourne, 2013;
Klein & Kientz, 2013; Segedy; Kinnebrew; &

Biswas, 2013; Berry, 2009).

The use of online assessments as a form
of integration of ICT facilities in peer-assess-
ment has been investigated by Wen and Tsai
(2008) who reported the positive impact of the
use of the model in assessment activities in
mathematics teachers. They both found that
the quality of teacher appraisal skills during the
use of ICT facilities is significantly increased.
However, there is a negative side effect of the
use ICT in the learning process. The teacher’s
attitudes and perceptions of online peer-as-
sessment usage have shown a decreased im-
pact. It need a further investigation to find the
reasons since the assessment skill is a crucial
skill to be mastered by the teachers.

Implementation of online peer-assess-
ment has several challenges to be considered.
The greatest challenge is how to provide objec-
tive assessments in a well-known Indonesian
environment with high solidarity and familial va-
lues. Assessment and objective feedback from
students to their friends are expected to imp-
rove student achievement. This objectivity also
gained the attention of Liu and Charles (2006)
suggesting that good peer assessment activi-
ties should continue to maintain quality feed-
back by preventing some factors that might
reduce objectivity. They found a possible factor
in reducing the objectivity of peer assessment
such as gender.

The feedback given by lecturers in de-
veloping the students’ ability should also be
considered in implementing online peer-as-
sessment. The feedback should always get
attention both in terms of strategies and time
management to be adrresed. Various studies
have shown that the teachers’ feedback have a
positif impact on students’ learning motivation,
students’ understanding, as well as the quality
of student behavior (Akalin & Sucuoglu, 2015;
Seevers, et al., 2014; McLaren, 2012; Auld, et
al., 2010; Vojdanoska, et al., 2010; Conroy, et
al., & Vo, 2009; Brosvic & Epstein, 2007; Bros-
vic, et al., 2005). The findings indicate that it
is still important to invite lecturers in addition
to giving students’ right to assess their peers.
Therefore, the purpose of this study is to pro-
vide an overview of the role of online peer-
assessment on prospective physics teachers’
motivation. This study also aims to analyze the
feedback and assessment provided by the stu-
dents to each other; to provide important infor-
mations for researchers and practitioners who
consider applying peer-assessment activities
using popular ICT facilities such as WhatsApp
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or other social media applications; as well as
to provide an overview of the importance of
feedback in improving the ability of students
in assessing and in improving their learning
achievement.

METHOD

The study has used a qualitative appro-
ach. The data were collected from the recapi-
tulation results of the communication flow that
occurs during the online learning and online
peer-assessment of Teaching Physics in Eng-
lish class. The recap of the communication re-
sult is then copied from the conversation via
the WhatsApp application.

The number of respondents involved in
this research activity is 20 prospective physics
teacher. All the respondents involved are in the
third year or in the sixth semester. They take
this course as one of the preparations program
before practicing the teaching experience in
high school. All respondents have good English
skills because they have followed the English
course for physics. Some of the participants
who take this course also take English for Phy-
sics course, which is a companion course to
improve reading ability and explain some of the
material of physics.

Respondents involved in the study con-
sisted of two groups. The first group is the
majority group (15 students) symbolized as
participants (P) who enroll in the faculty offici-
ally. While the second group (5 students) are
students who are motivated to improve their
teaching skills in English with the permission
of the lecturers without registering in the facul-
ty symbolized as Non-Participant group (NP).
Analysis of the influence of gender is done by
giving the symbol F for female and the sym-
bol M for male. Gender analysis is expected to
describe the effect of gender on online peer-
assessment.

Data collection using WhatsApp applica-
tion is selected because it is widely used as a
base program especially android smartphone.
The WhatsApp application owned by the majo-
rity of students who have android based smart
phones. They are accustomed to using this
program to communicate. Assessment of stu-
dents to their friend via WhatsApp application
then implemented in the class group that has
been previously established (Figure 1).

Dewi sri#gmega#good#quiet
good#good

TPE Azwin
Dewi Sri#lcha#good#good#good
Amazing perform ==

Dewi sri#firda#good#good#good.
Keep energic, the mother of
confident %5

Dewisri#rizki#good#quietgood#good

D yahayukg quietg:
od# you're so energic | &

Dewisrifazwin#oood#ocod#acod

(0]

Figure 1. WhatssApp Group of Online Peer-
Assessment in Teaching Physics in English
(TPE) Class (Khusaini, 2016)

Assessments and feedback given by stu-
dents to their peers have a certain format. The
format is very simple and can be used all res-
pondents quickly with the provision of assess-
ment rubric (see Table 1). The respondents
simply typed their score score against a certain
point and then added a reply to the performan-
ce of their friend (Figure 1). The format used
in this peer assessment activity is to write the
name of the presenter # name of appraiser #
score for content criteria # score for communi-
cation clarity criteria # score for interaction with
the audience # feedback or comments for the
presentation of the presenter and suggestions
for better performance. The format of this wri-
ting is quite simple and the respondent will be
able to finish writing the format in just about a
minute.

There are two basics information submit-
ted before peer-assessment activity was done.
First, students are given information of how to
use the assessment rubric. Second, the stu-
dents get information that the assessment does
not affect the final value. Student participation in
assessment activities is an exercise in evaluat-
ing peersintheirclass. Students are notrequired
to do an assessment, but it is recommended to
give an appraisal of their peers’ performance.
Assessment is done directly. Students have
about five minutes to assess the performance
of their friends. Any student who is present or
who is absent still have ooprtunity to read the
peer assessment results from performance in-
puts that is accompanied by feedback.



44 Jurnal Pendidikan Fisika Indonesia 13 (1) (2017) 41-48

Table 1. Assessment rubric used in online peer assessment activities

Criteria Less

Fair

Good

Less Comprehensive or

0,
Content (30%) Having Misconception

Quite Comprehensive
andNo Misconception

Comprehensive and
No Misconception

Unclear Pronounciation
and Intonation
Using Less Appropriate
Word Choices

Less keeping eye con-
tact

Communication
Clarity (30%)

Interaction with the

. 0
audience (40%) | oo encouraging audi-

ence participation

Quite good Pronoun-
ciation and intonation
Using several appro-

Quite good Pronoun-
ciation and intonation
Using several appro-

priate word choices priate word choices

Several keeping eye
contact
Several encouraging
audience participation

Most keeping eye
contact
Most encouraging
audience participation

Lecturers immediately read out the re-
sults of peer-assessment after the assessment
entered the group. The lecturer gives feedback
to the student’s peformance and also to the as-
sessment or feedback given by the stundents
in the peer-assessment. Data of comparative
assessment given by between the lecturer and
students’ peer-assessment were analyzed. The
analysis was focus on the tendency of students
to assess their peers in peer teaching prac-
tice activities. Quantitative and qualitative ap-
proach were used in this research. Quantitative
descriptive was used to describe the tendency
of students in assessing each other. Quantita-
tive data is presented in the form of frequency
of peer-assessment aspects. In addition, quali-
tative analysis in the form of depiction of as-
sessment is done by explaining all the facts in
a deeper description.

The data collected in this research is a
recording of all conversations and ratings oc-
curring during peer-assessment activities by
using the WhatsApp application that has tran-
script conversation facilities can be sent to
email. The results of these conversations are
analyzed and so the patterns can be taken.
The conversation is finally grouped based on
the time of peer assessment to know the pat-
tern based on time.

RESULTS AND DISCUSSION

The use of WhatsApp application in
peer-assessment provides some convenience.
Each respondent can directly respond both in
the form of assessment and feedback on their
peers’ performance in the practice of peers te-
aching activity. The use of android application
is effective and efficient due to the rapid flow of
communication. Each student can find out the

scores of ratings and feedback as quickly as
possible. Examples of feedbacks and groups
contained in this peer assessment activity can
be seen in Figure 1. Rapid rewinding time can
have a direct effect to both the performance
and the practitioner. Both parties can learn to-
gether and improve learning outcomes.

In this study students are grouped into
four time groups. Time grouping is expected to
provide an overview of the effect of study time
with student assessment capability. The groups
are sequentially grouped February 25, 2016,
March 3, 2016, March 10, 2016, and the March
17, 2016 group.The first assessment group
(February 25, 2016) can be seen in Table 2.
In this assessment group, four students con-
ducted teaching practice.

In this first week, the lecturer introduced
how to use the rubric in the assessment activi-
ty. Assessment rubric already sent in provious
day by email. Although newly introduced as-
sessment rubrics, the number of students gi-
ving the same assessment or similar to the lec-
turers’ assessment has increased even though
the trend sometimes goes up sometimes down.
In preliminary practice, the number of assess-
ment that is in line with the assessment of lec-
turers is still two two students and eventually
up to reach nine students.

The number of participating performan-
ces also experienced ups and downs starting
at least 15 people and at most 17 people con-
sisting of a mixture of P group and NP group.
This increase can not be determined to match
the expected amount because there is no obli-
gation to provide an assessment, peer-assess-
ment is not included in the final grade value,
and not all students use their own smartphone.
An increase in student ratings that is similar to
lecturer assessment is possible because of the
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Table 2. Recapitulation of the Implementation of the First Week

Input  Same

Practiti-oner
Values Values

Feedback and Comments

16 15 students focus on one point, 1 student review all points
A (F) 14 P 2 4 students less objective
2 NP
16 4 students focus on 1 point, 2 students review only 2 points
B (M) 14 P 6 4 female students less objektif
2 NP 2 students less thorough to the content
17 Comments focus only on 1 point
C(F) 14 P 9 1 student less objective
3 NP 3 tudents wrong use rubric
15 Many constructive suggestions from students
D (M) 13P 4 5 students less objective
2NP

reversal of each peer assessment read and
discussed.

In this first week also found the element
subjectivity performance that gives better value
to his/her close friend. The identification of the
objectivity is done when the practitioner does
not give a satisfactory performance. Errors in
using the rubrics also occur in this week’s as-
sessment. This error is because it is still the
first week and the lack of research students in
using the rubric. The mistakes of both practitio-
ner and performance concepts in basic physics
concepts can also be identified through this
peer-assessment. So this assessment is also
useful for improving students’ understanding
of the concepts of physics. Concept error can
be indicated from the performance’ maximum
value to the wrong concepts of practitioner per-
formance.

Students’ feedback on the peformance
of their peers has decreased in terms of the
focus of the discussion in the points availab-
le in the rubric. In the first judgment, a student
found a comment to all points in the rubric, whi-
le most focus on one point that is considered
interesting. The pattern changed to two people
commenting on two points of the rubric. Finally,
all the student comments only focus one point
that is considered important. The comments
are more likely to motivate and compliment the
performance of their friends as well as feed-
back for improvements to the next performan-
ce. This decrease is caused by not all students
using their own smartphone. The second as-
sessment group was conducted one week after
the first group (March 3, 2016). Assessment
analysis occurs in the second group can be
seen in Table 3.

The phenomenon that occurs this week
is slightly different. The second group experien-
ced an increase in the same number of assess-
ments as the lecturer’'s assessment. Students’
comments are increasingly focused on points
that are considered important. The number of
participants involved in the assessment also in-
creased. The least number of performances are
15 students, while the highest numbers are 18
students. Objectivity assessment of students is
increasingly visible with marked suitability bet-
ween performance with ratings and comments
given by students with their peers’ performan-
ce. The number of input comments is getting
smaller as students tend to give judgment than
comment. Students give comments only to give
suggestions for better performance.

The improvement of the student’s exper-
tise in giving assessment to his colleagues is
seen in this second week. This skill improve-
ment is made possible by many things such as
input and discussion by lecturers after the per-
formance and discussion of the results of the
assessment. The second factor is the learning
process from the performance of practitioner in
the first wave so that the second week prac-
titioner performance improves and facilitates
the peer assessment process. The challenge
that is still visible and must be faced is still not
fully all students use communication tools for
assessment so that impact the assessment re-
sults.

The next assessment group is the third
week group that was held on March 10, 2016.
Implementation figures for this week can be
seen in Table 4.

In this week, there is still no objectivity
in the assessment. The cause of this inabili-
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Table 3. Recapitulation of the Implementation of the Second Week

. Input Same Feedback and Comments
Practitioner
Values Values
15 Focus on one point
E (F) 13P 12 Give simple motivation by using emoticon.
2 NP Focus on interaction point
17 Focus on one point
F (F) 14 P 10 More improvement remarks
3 NP
17 9 feedback
G (F) 14 P 17 Short comments
3 NP Perfect performance
18 1 9 feedback
H (F) 15P 7 miri Short comments
3NP P Thereis word “rather’
18 8 feedback
I (F) 15P 18 Short comments
3 NP
18 12 feedback
J (M) 15P 18 Comments in the form of motivation
3 NP

Table 4. Recapitulation of Third Week Implementation

Practitioner Input — Same Feedback and comments
Value Value
14 All students give comments
K (M) 12P 5 Few of them less objective
2 NP
14 13 students give comments
L (F) 12P 14
2 NP
13 9 feedback
M (F) 13P 13 Short comments
0 NP
13 7 feedback
N (F) 13P 6 Short comments
0 NP Few of them less objective
11 7 feedback
0 (M) 1"MP 11 Short comments
0 NP

ty is the performance of practitioner who has
not given the best performance will encourage
students to act less objective in providing an
assessment. Students tend to give better va-
lue to their close friends both male and female.
This situation may be caused by Javanese cul-
tural factors to emphasize brotherhood or feel
uncomfortable if giving an assessment of their
close friends. Gender factors are not very in-
fluential in the objectivity of this assessment.
This objectivity factor can be generated by the

display of assessment after the assessment is
completed followed by the discussion by the
lecturer.

Comments given in reverse to the perfor-
mance of practitioner increasingly conical with
the need for input to improve the performance.
Student performances are more likely to provi-
de input to the practitioners who are deemed
necessary to improve one aspect of the student
practitioner.

This fourth week assessment group is
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the last one. The number of practitioners was
assessed by only one person. Notes during this
assessment activity can be seen in Table 5. In
the last assessment activity it can be said that
all students have improved quite well. Students
give the same assessment as many as six
people and have similarities with the assess-
ment of lecturer’ assessment. Objective factors
in the assessment activities are well ordered.
All of the student assessments commented on
the students’ performance. These comments
tend to motivate and provide input for perfor-
mance improvement.

Table 5. Recapitulation of Fourth Week Imple-
mentation (March 17, 2016)

Practi- Input Same Feedback and
tioner Value Value Comments
12 12 Comments
12 Motivate feedback
P (p) 12P ;
0 NP and suggestions for

improvement

Improving the assessment of the stu-
dent performances is caused by several things.
First, students are more observant in the as-
sessment activities. Students have shown a
critical way of thinking to assess student practi-
tioners. Second, the feedback given by the lec-
turer to each student input can be used as an
example for the student appraiser in the next
week’s assessment activity. Giving feedback
from this appraiser also has a positive impact
on the practitioner. The practitioners can know
the shortcomings and advantages.

Based on the analysis of peer-assess-
ment activities, it can be concluded that there
is an increase in the ability of peer-assessment
by respondents. Feedback from the lecturer
has a positive impact on student appraisers and
practitioners. This condition is in accordance
with the findings of Akalin and Sucuoglu (2015)
which found a positive influence on improv-
ing the characteristics and ability of students
in learning. Several studies also reinforce the
importance of appropriate feedback to improve
learning achievement and change the behavior
of prospective students (Auld et al., 2010) and
teachers who attend training (Duchaine, et al.,
2011). Similar findings regarding repatriation
according to student shortcomings were also
found by Nuryantini, et al. (2015). They were
indicating an improvement in the learner’s abil-
ity after receiving feedback in classroom action
research using authentic assessment.

Feedback technique should also be
considered to give a positive impact. Seevers,
et al. (2014) found the need to give positive
feedback in public, and to give negative ones
personally to positively affect students. The im-
portance of effective feedback was also high-
lighted by Conroy, et al. (2009) which empha-
sizes the importance of appropriate feedback
to foster student potential. Vojdanoska, et al.
(2010) also reinforces the notion of the impor-
tance of giving feedback to instill a better skill
to learners.

This study found that direct feedback
can have a positive effect in improving stu-
dents’ ability to assess and practice teach-
ing. This finding is in contrast to Brosvic, et
al. (2005) who found that direct feedback
only provided repetition and acquisition skills
alone. Brosvic and Epstein (2007), however,
found that direct feedback has an excellent
impact on a valuation process, especially a
matter of multiple choices. The time choice
as a learnable moment is a crucial marker of
the importance of effective timing of feedback.
Feedback development should be done to im-
prove the role of assessment in support of stu-
dent learning activities. The addition of audio
visual means and responses to the feedback
given by peers should be done in further re-
search. McLaren (2012) found that more varied
feedbacks with audio visual means and stu-
dent attitudes toward feedback allow for better
learning. This process of feedback and media
interaction makes it possible to streamline the
role of feedback in peer-assessment activities.

Cultural factors of student origin should
also be considered. Solidarity culture and mu-
tual respect for friends should be considered
as well. This factor may affect the subjectivity
of student as an assessor. The factor is then
influenced by less than the maximum perfor-
mance of a practitioner. A practitioner who per-
forms teaching skills in English that are not so
maximized can get the maximum value from
a close friend. The influence of this culture is
much greater than the gender factor of the per-
formance and practitioner.

Concept errors in Physics can also be
checked during online peer-assessment activi-
ties. The lecturer is easier to detect the mistake
of the practitioner concept during the teaching
practice. The mistake of the assessor’ concept
can be checked from their score and feedback.
It became the perfect moment to provide im-
proved student concepts through lecturer feed-
back (Akalin & Sucuoglu, 2015; Conroy et al.,
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2009; Brosvic & Epstein, 2007).
CONCLUSION

Online peer-assessment activities shows
a positif impact in the Teaching Physics in Eng-
lish learning. The prospective physics teacher
get more opportunity to learn how to conduct
assessment in physics learning. Their capa-
bilities in assessments actvities were increase
significantly by considering the lecturer’ as-
sessment in the learning process. Factors that
influence the prospectice students’ performan-
ce in peer-assessment activies include: Java-
nis cultural background, online process which
enable the practitioner know who is her/his as-
sessors, as well as the quality of the practitio-
ner in front of class.
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ABSTRACT

This research examines the generation of tsunami-induced magnetic signals, where local magnetic anomaly
were measured as variations in the vertical b, and horizontal b, components of the secondary field. The
maximum amplitudes of b, and b, were analytically estimated and compared to magnetogram provided by
INTERMAGNET and BCMT for the 2010 Chilean, the 2011 Tohoku, the 2010 Mentawai and the 2004 Aceh
tsunamis. For the first two cases, frozen-flux theory was used to estimate b, and b,, where the phase lag
between b, and b,, was /2, relevant to time interval of 7/4 between the two signals. For the Mentawai case,
oceanic diffusion was unignored and b, significantly deviated from that calculated using the theory. However,
the data from Mentawai where b, < 2 nT were in good agreement with b, generated by large tsunamis
occurring in regions near the equator and with magnetogram from the Aceh event.

ABSTRAK

Penelitian ini mempelajari pembangkitan sinyal magnetik akibat perambatan tsunami. Gangguan fisis pada
permukaan laut menyebabkan anomali magnetik yang terukur sebagai variasi komponen vertikal b, dan
horisontal b, medan sekunder. Amplitudo maksimum b, dan b, dihitung secara analitik dan dibandingkan
dengan magnetogram dari INTERMAGNET dan BCMT untuk tsunami Chili 2010, Tohoku 2011, Mentawai
2010 dan Aceh 2004. Untuk kasus Chili 2010 dan Tohoku 2011, pendekatan frozen-flux secara efektif
digunakan untuk estimasi b, dan b,, di mana beda fase antara b, dan b,, diprediksi n/2 yang setara dengan
selang waktu T/4 antara kedua sinyal magnetik tersebut. Untuk kasus Mentawai 2010, difusi air laut tidak
bisa diabaikan sehingga pendekatan frozen-flux menyimpang signifikan. Namun demikian, data kasus
Mentawai 2010 di mana diperoleh b, < 2 nT sesuai dengan estimasi analitik amplitudo maksimum b, yang
dibangkitkan oleh tsunami besar di wilayah ekuator yang ternyata juga sesuai dengan data magnetogram
kasus Aceh 2004.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: magnetic anomaly; secondary field; frozen-flux theory; magnetogram

INTRODUCTION

This study examines tsunami-generated
magnetic signals in the context of ocean dy-
namo effects, where the movement of electri-
cally conducting seawater across the ambient
geomagnetic field induces secondary magnetic
fields (Tyler, 2005). Such perturbations on the
sea surface produce local anomaly with respect
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E-mail: prastowo.tjipto@gmail.com

to the Earth’s magnetic field, which is measu-
red as the vertical and horizontal components
of the secondary field. Although the maximum
amplitude of the local anomaly is relatively
small compared to the main field, it can still be
detected by sensitive instrument (Manoj, Maus,
& Chulliat, 2011; Ichihara, Hamano, Baba, &
Kasaya, 2013; Minami & Toh, 2013; Sugioka et
al., 2014). The maximum amplitude is possib-
ly determined by either analytical estimate or
visual inspection upon magnetogram obtained
from a global magnetic network of International
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Real-time Magnetic Observatory Network (IN-
TERMAGNET) as reported by Klausner, Do-
mingues, Mendes, & Papa (2011) and Bureau
Central de Magnetisme Terrestre (BCMT) as
used by Wang & Liu (2013). Similarities found
in the vertical and horizontal components of
the tsunami-magnetic signals between analy-
tical estimate and visual inspection on magne-
togram provided by the two global institutions
are tested for several cases of large tsunamis.

Recent studies (e.g., Tatehata, Ichihara,
& Hamano, 2015) relevant to the generation of
magnetic signals and local magnetic anomaly
due to tsunami wave propagation have utili-
zed numerical simulation to better understand
mechanisms of production and variation of the
secondary field. Other studies (e.g. Minami,
Toh, & Tyler, 2015) have also been based on
computational work examining effects of sea-
depth parameter on tsunami wave propagati-
on characteristic at open seas and determine
whether advection or diffusion is the dominant
physical process in a particular area in the
ocean. As evaluated by Klausner, Kherani, &
Muella (2016), a combined work of both com-
putational techniques and field observations for
determining the vertical component b, of tsuna-
mi-induced signals revealed the same results
obtained for separate considerations of near-
and far-field distances from a tsunami source.

Minami et al. (2015) discussed the roles
of ocean depth h in terms of a functional rela-
tionship between the external parameter (oce-
an diffusivity k) and internal parameters (tsu-
nami phase speed ¢ and the complex speed
of ocean waves c,). By adopting ideas of Tyler
(2005) and using research findings of Minami et
al. (2015), we examine the dependence of local
magnetic disturbance b,/F, where F, denotes
the vertical component of the main, Earth’s
magnetic field upon two dimensionless physi-
cal parameters, namely: h/L where L = 2.53 km
is the characteristic lengthscale (Minami et al.,
2015) and c/c_where c_is defined as ¢_= ¢ +ic,
with ¢, is the rate of oceanic diffusion process
(Tyler, 2001).

In this study, four large tsunami occur-
rences caused by earthquakes with magnitu-
des of M,, = 7.8 are separately examined and
discussed, namely: the 2010 Chilean and the
2011 Tohoku events, where advection domina-
tes over diffusion, and the 2010 Mentawai and
the 2004 Aceh tsunamis, where oceanic diffusi-
on cannot be ignored. Discussion for all cases
focuses on the roles of important parameters
hiL and clc, for use in determining a proper

formula to accurately estimate the vertical and
horizontal signals of the tsunami-induced field.

As reported by Satriano, Wu, Zollo, &
Kanamori (2011) and Satake (2014) in terms of
concepts and methods of earth-related disaster
risk reduction (for example, earthquakes and
tsunamis), monitoring of tsunami-generated
magnetic signals and the corresponding mag-
netic anomaly in the present study could thus
be an alternative method for the development
of a tsunami early warning system. Therefore,
this research is expected to give shed light on
researchers working on a similar subject and
may then complete the existing method of seis-
mic monitoring for tsunami early warning, such
as the Indonesian Tsunami Early Warning Sys-
tem (Ina-TEWS) organized by the Indonesian
Agency for Geophysics, Climatology, and Me-
teorology (BMKG). In addition, mechanisms of
the generation of tsunami-magnetic signals and
magnetic anomaly would be useful for enriched
physics teaching materials in schools and uni-
versities. This is made possible because basic
physic principles of such a phenomenon are
derived from a set of Maxwell’'s equations, in-
cluding the concept of electromagnetic induc-
tion widely known as Faraday and Biot-Savart
laws, and Ohm’s law for a moving conductor
across magnetic lines of force.

METHOD

The governing equation required for exa-
mining fundamental mechanisms of the gene-
ration of tsunami-magnetic signals and magne-
tic anomaly in the oceans is as follows,
ob, = -V,.(Fu,) + Vb, (1)

which is commonly known as the electro-
magnetic induction equation (Tyler, 2005; Ichi-
hara et al., 2013; Sugioka et al., 2014; Minami
et al., 2015). The left-hand side of equation (1)
describes time evolution of the vertical com-
ponent b, of the secondary field. The first term
of the right-hand side denotes secondary field
production by fluid flow of electrically conduc-
ting seawater (horizontal advection) while the
second term represents contra-production of
the secondary field by ocean local circulation
(vertical diffusion).

Tyler (2005) evaluated the relative im-
portance of each term on the right-hand side in
equation (1) and reported that the ratio of local
magnetic disturbance relative to the main geo-
magnetic field b /F, is proportional to the ratio
of local perturbation in the sea surface eleva-
tion relative to the ocean depth n/h. In this con-
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text, n is the maximum vertical displacement
of the sea surface owing to tsunami propaga-
tion. This idea was adopted and then further
developed by Ichihara et al. (2013), Sugioka et
al. (2014) and Minami et al. (2015) to derive
equations necessary for estimating both the
vertical b, and horizontal b,, components of the
tsunami-induced field. When oceanic diffusion
can be neglected or in other words, horizontal
advection dominates over vertical diffusion (c/
c, = 1), itis true that
b,F,=nlh (2)
which is well known as frozen-flux appro-
ximation, commonly used for analytical estima-
te of b, given that the other three variables in
equation (2) are known. The horizontal compo-
nent b, of the induced field is then calculated
from
b,=ib, (3)
which clearly indicates a phase differen-
ce between vertical and horizontal tsunami-
magnetic signals.

Minami et al. (2015) found diffusion ef-
fects unignorable, particularly in parts of the
ocean where h/L < 2.0 such that equation (2)
becomes
b,/F,= clc,x n/h (4)

The rate ¢, of diffusion process at seas is
defined as ¢, = 2x/h and the phase speed c of
a tsunami wave is written as ¢ = (gh)'"? where g
is the gravitational acceleration.

Equation (4) shows that the ratio of b /F,
depends upon the ocean depth h and is impli-
citly determined by two physical processes in
the oceans, namely advection process repre-
sented by ¢ and diffusion process denoted by
¢, in terms of c/c_. This parameter plays a role
in determining which process is dominant over
the other in the oceans. When c/c_ = 1 is satis-
fied, frozen-flux approximation holds and when
clc, < 1, frozen-flux approximation gives esti-
mate of b, that significantly deviates from the
expected value.

In line with zonal divisions at which a par-
ticular process is dominant in the oceans, Mi-
nami et al. (2015) proposed that oceanic zones
are divided into regimes based on the ratio of
hIL where L is defined as L = (2k/g'?)?® = 2.53
km. Considering this, three dynamic regimes
are as follows: (1) 0 < h/L < 0.5 where diffusion
is adequately strong; (2) 0.5 < h/L £ 2.0 where
diffusion and advection are in balance; and (3)
h/L = 2.0 where advection dominates over dif-
fusion.

The methods including procedures and
steps used in the current study involved data

inputs, estimation processes, and outputs. All
numerical values for the geomagnetic field F,
were obtained for free from www.ngdc.noaa.
gov/IAGA/vmod/ (International Association of
Geomagnetism and Aeronomy [IAGA], 2016) in
the form of geomagnetic coefficients issued for
the 12th Generation of International Geomag-
netic Reference Field (IGRF), numerical data
for the global bathymetri of sea depth h were
also obtained for free at www.ngdc.noaa.gov/
mgg/global/relief/ETOPO1/ (National Geophy-
sical Data Center [NGDC], 2016), numerical
data for maximum amplitudes of the sea sur-
face elevation n for four large tsunamis, na-
mely: the 2010 Chilean, the 2011 Tohoku, the
2010 Mentawai, and the 2004 Aceh were also
freely available at www.ngdc.noaa.gov (Natio-
nal Oceanic and Atmospheric Administration
[NOAA], 2016). For comparison, careful visual
inspection upon magnetogram freely acces-
sible at www.intermagnet.org (INTERMAG-
NET, 2016) and www.bcmt.fr (BCMT, 2016)
was then performed.

Analytical estimates of b, and b,, have
used equations (2) and (3) for tsunamis trigge-
red by large earthquakes, that is, the 2010
Chilean and the 2011 Tohoku events as the
two events satisfy criteria for frozen-flux ap-
proximation. For the 2010 Mentawai tsunami,
a number of field data were consistent with ad-
vection case requirement (c/c, = 1 and h/L 2
2.0) where frozen-flux approximation remained
effetive, and other data records were partial-
ly at a regime where oceanic diffusion effects
started to influence (intermediate regime) and
the rest were classified into the dominant dif-
fusion regime. Therefore, estimate of b, for the
Mentawai tsunami used equation (4) but va-
lues of b,, for the same case were still estima-
ted using equation (3). The 2004 Aceh tsunami
is here discussed in comparison with that of
the Mentawai. Outputs of all cases considered
in this study are values of b, and b, obtained
from analytical estimates for cases either with
frozen-flux or with no frozen-flux approximation
and visual estimates through inspection on eit-
her magnetogram provided by INTERMAGNET
and BCMT or relevant graphs of magnetic va-
riations recorded by magnetic instrument dep-
loyed at the sea floor, such as Ocean Bottom
Electromagnetometer (OBEM).

RESULTS AND DISCUSSIONS

Two large tsunamis firstly discussed are
the Chilean event that occurred on 27 February
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2010 with the epicenter is located at 36.1° S
and 72.6° W, tsunami origin time (OT) at 06:44
Universal Time Coordinates (UTC), and mag-
nitude of M, 8.8 and the other that occurred
in Tohoku on 11 March 2011 with the epicenter
at 38.3° N and 142.4° E, tsunami OT at 05:51
UTC, and magnitude of M, 8.9. Table 1 con-
tains complete data listing names of magnetic
station with their corresponding geographical
positions, numerical values of F,, n and h ob-
tained from relevant sites previously stated,
and the vertical component b, calculated using
equation (2). IPM, PPT, and KAK are names
of magnetic station while B14 (one of OBEM
as used by Ichihara et al., 2013) is sensitive
instrument deployed at the sea floor having the
same function as magnetic station to monitor
electromagnetic signals induced by tsunami
waves.

Values for b, in Table 1 are tested by re-
calculating them with respect to the effects of
oceanic diffusion (see corresponding values in
Table 2). Indeed, b, is recalculated using equa-
tion (4) in which some physical quantities nee-
ded are as follows: k¥ = (uo)"' with u = p_ = 4n
x 107 WbA-'m-' (ocean magnetic permeability),
o = 4 Sm™ (conductivity of seawater) and the
complex speed of ocean waves c, calculated
from ¢, = (¢ + ¢ )" where ¢ and ¢, are pre-
viously defined.

Table 2 provides recalculated values for
b, using equation (4), where the results differ
by < 7% from those calculated using equation
(2). This discrepancy is considered insignificant
hence frozen-flux approximation remains valid.
This argument is supported by values listed in

Jurnal Pendidikan Fisika Indonesia 13 (1) (2017) 59-70

columns 4 and 8 in Table 2, where h/L =22.0 and
clc, = 1 are found in all monitoring stations for
the two events. With respect to small perturba-
tions of b, from its maximum amplitude, frozen-
flux theory is proved to be reliable and effecti-
ve for use to estimate b, accurately enough, in
particular when diffucion effects are ignorable.

As previously written, estimates of b,
using both equations (2) and (4) are compared
with records of magnetogram provided by the
global network of INTERMAGNET and BCMT.
Graphical magnetogram indicates that for the
2010 Chilean event there is a periodic signal
of magnetic variations observed and measured
by instrument at IPM seen in Figure 1 for mag-
netogram from INTERMAGNET and in Figure 2
for magnetogram from BCMT.

Figure 1 clearly shows effects of local
disturbances on the sea surface due to eart-
hquake with large magnitude that occurred off
the coast of Chili, where the disturbances gene-
rated a giant tsunami wave propagating across
the Pacific and then arriving at IPM 3500 km
away from the epicenter. In turn, magnetic per-
turbations due to tsunami wave propagation
were well recorded as the periodic signal b,
of the secondary field (denoted by three red-
circles in the Z component of INTERMAGNET
magnetogram). The periodic signal is obviously
observed to occur around 11:45 UTC and pro-
vides a convincing clue for the magnetic ano-
maly with the mean value of the amplitude is
best estimated at about 0.47 nT.

For comparison, Figure 2 provides mag-
netogram from BCMT for the same event. The
periodic tsunami-magnetic signal was also re-

Table 1. Data for the 2010 Chilean and the 2011 Tohoku events with b, is calculated using equa-

tion (2).
Tsunami Magnetic  Latitude Longitude F, | h b,
Event Station Position Position (nT) (m) (m) (nT)
2010 Chilean IPM 27.17°S  109.41°W 19019.6 0.15 6933 0.41
PPT 17.57°S 149.57°W 18886.0 0.12 5085 0.45
2011 Tohoku B14 39.03°N 144.48°E 37271.6 2.35 5830 15.02
KAK 36.23°N  140.18°E 35619.2 4.50 10272 15.60
Table 2. Data for the 2010 Chilean and the 2011 Tohoku events with b, is calculated using equa-
tion (4).
. Magnetic h c c C, b,
Tsunami Event Station (m) h/L (ms) (ms-1d) (ms) clc, (nT)
2010 Chilean IPM 6933 2.7 260.7 574 2669 098 0.40
PPT 5085 2.0 2232 783 2366 094 042
2011 Tohoku B14 5830 2.3 239.0 683 2486 0.96 14.45
KAK 10272 41 3173 388 319.6 0.99 1549
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Figure 1. Magnetogram from INTERMAGNET for the 2010 Chilean tsunami occurrence recorded
at IPM (3500 km away from the epicenter) after 5-hours travelling from the epicenter towards IPM.

corded at IPM run by BCMT, where the mag-
netic anomaly started to observe at 11:45 UTC
with the mean amplitude of about 0.48 nT. This
value is considered insignificant difference
from that given by INTERMAGNET.

Data for magnetogram from both INTER-
MAGNET and BCMT are also in good agree-
ment with variations in hydrostatic pressure at
the ocean bottom measured by OBEM close
to IPM location, where maximum hydrostatic
pressure variation is estimated to be equal to
b, = 0.50 nT (Sugioka et al., 2014). The amp-
litude of the signal is consistent with peak-to-
peak variation of b, at about 1.0 nT suggested
by Manoj et al. (2011) for the same tsunami.
A slight difference in the results between ana-
lytical estimates and visual inspection using
magnetogram is attributed to inaccuracy of
ocean depth measurements of h obtained from
a world map of ocean topography from global
bathymetri data.

Different from the 2010 Chilean case in
which tsunami propagation was characterized
by periodic signals, a giant tsunami triggered
by the 2011 Tohoku tsunamigenic earthquake
demonstrated a traveling solitary wave. This is
seen in Figure 3 within time interval 6:45-7:45
UTC, where a significant increase in the varia-
tion of the vertical signal is estimated to be b,
=15.8 nT (red circle in Figure 3). This is in good

agreement with theoretical prediction for the
magnetic anomaly of b, based on frozen-flux
approximation, which gives b, = 15.6 nT (KAK
in Table 1).

Analytical estimate dan visual inspection
upon relevant magnetogram for the 2011 Toho-
ku event are consistent with field observations
made by Ichihara et al. (2013) using magne-
tic instrument (OBEM) placed at the sea floor.
They found that the vertical component b, of
the tsunami-magnetic signals varied in the ran-
ge b, = 12-19 nT with the mean value of b, =
15.5 nT (see Figure 4).

In addition to good agreement with re-
levant previous work (Ichihara et al., 2013;
Zhang, Baba, Liang, Shimizu, & Utada, 2014),
the research results in this study are also con-
firmed by the findings of Minami & Toh (2013),
reporting impulsive signals of the vertical com-
ponent variation b, with the amplitude of about
3 nT. The signal was detected by electromag-
netometer sinking at the sea floor in the North-
West Pacific (NWP) site 1500 km away from
the epicenter. The earthquake induced a de-
vastating tsunami, hitting areas off the east co-
ast of Tohoku on 11 March 2011.

Significant discrepancies in b, between
the value of b, = 3 nT (Minami & Toh, 2013)
and the ones of b, = 15.6 nT (analytical estima-
te based on frozen-flux approximation with the
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Figure 2. Magnetogram from BCMT for the 2010 Chilean tsunami occurrence recorded at IPM
(3500 km away from the epicenter) after 5-hours travelling from the epicenter towards IPM.
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Figure 3. Magnetogram from INTERMAGNET for the 2011 Tohoku tsunami recorded at KAK (320
km away from the epicenter) within 1-hour travelling from the epicenter.

data from stasiun KAK) and b, =15.8 nT (visual
estimate based on magnetogram from INTER-
MAGNET) are due to the difference in observa-
tional locations. A simple calculation performed
with respect to the geographical positions of
magnetic instrument at the NWP site (Minami
& Toh, 2013), B14 (Ichihara et al., 2013), and
KAK as well yields the mean value of b, = 2.9
nT for the 2011 Tohoku event, consistent with

the result of Minami & Toh (2013).

Figure 4 proves the maximum amplitude
achieved for real time-varying of the vertical
component b, to be proportional to its corres-
ponding sea surface elevation n monitored
by a tsunami-gauge meter in the west Pacific
(managed by NOAA) near the earthquake epi-
center that generated Tohoku catastrophy. The
proportionality between the two variables sup-
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ports both theoretical estimates of b, based on
either frozen-flux approximation as predicted
by equation (2) or calculation with the inclu-
sion of diffusion effects as given by equation
(4). The horizontal axis measured in minutes in
Figure 4 below shows running time measured
from earthquake OT. A high level of similarity
is found in the variation of b, between simula-
tion on the basis of electromagnetic induction
concept and in situ observations, particularly at
tsunami onset time. This is clearly seen when
the amplitude of the impulsive tsunami signal
achieves its maximum value as shown by the
red circle in Figure 4.
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Figure 4. Time-varying of the vertical compo-
nent b, of the tsunami-magnetic field and its
corresponding sea level change n from the
2011 Tohoku event recorded by B14, one of
OBEM at the sea floor (250 km away from the
epicenter), where b, = 15.5 nT (taken from Fig-
ure 4, Ichihara et al., 2013).

Theory of motional induction at seas
describes not only the change in the vertical
component b, of the secondary magnetic sig-
nals relative to the primary geomagnetic field F,
but also the variations in the horizontal compo-
nent b, due to tsunami. In the context of time-
varying of b, two equations generally needed
to estimate b, are the one given by equation
(2) used when horizontal advection is assumed
to be the dominant process, widely known as
frozen-flux approximation and the other given
by equation (4) used when diffusion is somew-
hat important. In the context of time-varying of
b, the only formula for use in determining its
maximum amplitude is given by equation (3)
that holds for cases both with frozen-flux and
with no frozen-flux approximation.

The followings are simple analyses rela-
ted to equation (3). Firstly, replacing i with i =
exp (in/2) and then writing the dependence of
both b, and b, upon time t as
b,=b_, exp (i wi) (5)
b,= b, exp (- wi) (6)

where b_ and b, represent maximum

amplitudes for the vertical b, and horizontal b,
components, respectively. Secondly, substitu-
ting equations (5) and (6) as well as i = exp
(im/2) into equation (3) yields

b, eks (-i wt) = b, eks {-i (wt - n/2)} (7)

Equation (7) clearly shows a phase diffe-
rence in the tsunami-magnetic signals between
b, and b, where the horizontal signal b, leads
to the vertical signal b, by n/2. As fluctuation of
the secondary magnetic field is in the form of
harmonic function of period T, the phase lag
between the two signals is equal to the time
interval T/4 required to achieve the maximum
amplitude for each signal, with the horizontal
component b, achieves its maximum before
the vertical component b, does.

Within the context of the above mathe-
matical analyses, T denotes the period of a
tsunami wave that could be determined by sim-
ple uniform motion of the wave along its path.
Some typical parameters needed to estimate
T include the ocean depth of h ~ 5000 m =
5 km, the tsunami phase speed of ¢ = (gh)'?
~ 200 m/s = 720 km/h, and the the tsunami
wavelength of A ~ 120 km. Taking these para-
meters all together, we have T ~ 10 minutes.

Figure 5 gives observational records for
the horizontal b, and vertical b, of the seconda-
ry signals monitored by four magnetic instru-
ment at the sea floor discussed in Zhang et al.
(2014). All instrument named NMO02, NMO04,
NMO1, and NMO5 and positioned at various
locations with respect to the epicenter of the
earthquake generating the 2011 Tohoku tsuna-
mi clearly indicate that the horizontal compo-
nent b, (represented by the dominant signal by
in Figure 5) achieves its first peak before the
vertical signal b,. The by signals were respec-
tively recorded at NM02, NM04, NMO1, and
NMO05: 60 minutes, 64.44 minutes, 68.33 minu-
tes, and 72.78 minutes whereas the b, signals
were observed at NM02, NM04, NMO1, and
NMO05: 62.78 minutes, 66.67 minutes, 70.56
minutes, and 75.56 minutes, respectively, both
records after tsunami onset time at 05:46 UTC.
Based on the estimated arrival time difference
between byand b, signals at the accounted four
stations (NM02, NM04, NMO1, NMO05), then
the averaged arrival time difference for the two
signals (by and b,) to achieve their associated
peak is about 2.5 minutes, in good agreement
with T/4. This gains support from the work of
Ichihara et al. (2013) stating that the dominant
part of the horizontal component b, is of by (by
signal dominates over b, signal as b, signal is
relatively weak) for the Tohoku event and that
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the leading signal by precedes b, by ~ 2 minu-
tes.

The two large tsunamis, the 2010 Chi-
lean and the 2011 Tohoku events, occurred at
places of relatively deep waters with h = 5100
m such that h/L = 2.0 because of L = 2.53 km
(Minami et al., 2015). The ratio of h/L = 2.0 is
correlated with c/c_= 1 (see Table 2). The data
provided in Table 2 suggest that the deeper
the ocean the larger the ratio of c¢/c_. In other
words, horizontal advection is stronger in pla-
ces where the ocean is adequately deep and
dominates over diffusion efects in the deep sea
and therefore frozen-flux theory is effective for
use to estimate b, in such places. However, the
effects of diffusion become unignorable in shal-
low waters where h/L < 2.0 (for example, the
Indonesian waters). For cases where diffusion
effects play a role in the dynamics of tsunami-
magnetic signal generation, estimate of b, is
performed using equation (4) whereas estima-
te of b, is still calculated using equation (3).

Table 3 below gives an example of the
Mentawai tsunami that occurred on 25 October
2010 with the epicenter is located at 3.48° S
and 100.14° E, tsunami OT at 15:00 UTC, and
magnitude of M, 7.8, where the depth of obser-
vational locations varies from relatively shallow
to deep waters.
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The data listed in Table 3 clearly show
the ratio of h/L < 2.0 and c/c_< 0.9 for the first
four observational locations. The role of diffu-
sion effects decreases much with increasing
both h/L and c/c_found in deep-sea places. For
Cocos Island in the western Australian waters
and Enggano in Bengkulu, the dominant pro-
cess is advection and thus estimates of b, in
the two areas utilize the frozen-flux theory as
predicted by equation (2) or the incorporation
of oceanic diffusion effects into prediction as
given by equation (4).

Observational location at Teluk Dalam
in which the ratio of h/L = 0.3 and c/c_= 0.15
indicates that a strong diffusion process is on
duty. This is confirmed by a large deviation of b,
at a value of 84% from its true value based on
calculation using equation (4).

Observational locations in Padang, Port
Louis, and Rodrigues satisfy 0.5 < h/L < 2.0
such that measurements of b, are classified
into intermediate regime (Minami et al., 2015).
For Rodrigues, h/L = 1.3 and c/c_= 0.83 the cal-
culated value of b, using equation (2) deviates
from that when it is calculated using equation
(4) by 17%. Such deviation reflects a dynami-
cal balance between advection and diffusion.

The last two locations monitoring the
Mentawai case in Table 3 demonstrate the

Table 3. Data for the 2010 Mentawai tsunami with b_ is calculated using equation (4).

. Observation- h hilL c c, C, cle b,
TsEunartnl al Location  (m) (ms™) (ms') (ms™) s (nT)
ven
Teluk Dalam 732 0.3 84.7 543.8 5504 0.15 0.37
Padang 1882 0.7 1358 2115 2514 0.54 1.67
2010 Port Louis 2864 1.1 1675 139.0 217.7 0.77 1.95
Ment . Rodrigues 3261 1.3 178.8 1221 2165 0.83 2.15
entawal cocosisland 6187 2.4 2462 64.3 2545 097 1.03
Enggano 6699 2.6 256.2 594 263.0 0.97 0.71
05:46:00 (UTC)
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Figure 5. (a) The by signal representing the horizontal component b, and (b) the vertical compo-
nent b, of the secondary magnetic field owing to tsunami for the 2011 Tohoku event recorded by
four ocean bottom magnetometers named NM02, NM04, NM01, and NMO5 (taken from Figure 1,

Zhang et al., 2014).
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dominance of horizontal advection over verti-
cal diffusion as h/L 2 2.0 and c/c_= 0.97. This
confirms that estimate of b, in the two locations
was performed using frozen-flux approxima-
tion. The use of this approximation results in
a small difference, of only 3%, in the calcula-
tion of b, between the calculated value given by
equation (2) and the one given by (4).

The data for b, listed in Table 3 also show
a systematic increase in the magnetic distur-
bance due to tsunami wave propagation, be-
coming stronger as it approaches the zonal
boundary between diffusion and intermediate
regimes, reaching its maximum disturbed con-
dition where b, achieves it maximum value of
2.15 nT observed in Rodrigues, undergoing
weakening effects when penetrating into ad-
vection regime. This feature is well predicted
by Minami et al. (2015).

The results for b, estimates reported in
Table 3 vary from 0.37 nT to 2.15 nT, consistent
with both field measurements and numerical si-
mulations of the vertical component of tsunami
-magnetic signals obtained for areas near the
equator. Tyler (2005) and Klausner et al. (2011)
found a value of b, < 2,5 nT for these areas.

However, the listed data in Table 3 for the
2010 Mentawai event confirm the maximum
theoretical prediction for b, based on frozen-
flux theory that was proposed by Tyler (2005)
after the most devastating tsunami hitting the
west coast of Aceh in December 2004. The

catastrophy tsunami was difficult to handle be-
cause there was no a well-developed, tsunami
early warning system employed in the impac-
ted areas, along the shorelines of Sumatranian
west coast and surrounding the Indian Ocean.
It was surprising that none of the local authority,
such as BMKG nor global institutions, such as
NGDC, NOAA and the Pacific Tsunami Warning
Center (PTWC) managed instrument practically
deployed for specific purposes on local deep
sea research and regional sea surface monito-
ring in the Indian Ocean. Therefore, empirical
data for local perturbations at the sea surface
elevation n and ocean depth h are not available
in these areas and hence analytical estimates
of magnetic anomaly using equations (2), (3),
and (4) cannot be performed. Contrary to this,
visual estimates through inspection upon mag-
netogram for the case of Aceh tsunami remain
available as given by both INTERMAGNET see
in Figure 6 and BCMT seen in Figure 7.

Figure 6 describes local magnetic ano-
maly caused by earthquake having the hypo-
center below the sea surface at depth. The
magnitude of the earthquake is of M, 9.1 oc-
curring on 26 December 2004 at 3.4° N and
95.7° E, and tsunami OT at 01:18 UTC. The
red circle in Figure 6 shows tsunami on-set at
01:15 UTC.

Figure 7 provides magnetogram from
BCMT for the same case as that in Figure 6,
where PHU is located at 21.3° N and 105.95°

Phuthuy (PHU) based on 1-minute definitive data

oo’
(00®) INTERMAGNE]
j—

Figure 6. Magnetogram from INTERMAGNET for the 2004 Aceh occurrence recorded at PHU
(Vietnam), showing b, = 1.8 nT at the maximum amplitude of the tsunami-magnetic signal

achieved.
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PHLU_ Phal Thury, Vietnam - VNC ST [Vistnam] [ IPGP [France)

5 Dec 2004 0000 0300

Figure 7. Magnetogram from BCMT for the 2004 Aceh occurrence recorded at PHU (Vietnam),
showing b, = 2.0 nT at the maximum amplitude of the tsunami-magnetic signal achieved.

E and confirms that the maximum amplitude of
the vertical component b, is found to be b, =
2.0 nT (denoted by red circle), which was recor-
ded within time interval 1:13-1:22 UTC, con-
sistent with time interval observed for the same
event provided by INTERMAGNET. The data
records at PHU given by instrument managed
by INTERMAGNET and BCMT are also in good
agreement with magnetogram measured by si-
milar instrument in AAE (Ethiopia) located at
9.02° N and 38.77° E, where b, = 2.5 nT. The
measured value of b, ~ 2 nT obtained from the
two stations is supported by the work of Klaus-
ner et al. (2011) using wavelet computational
techniques.

Having analyzed the generation of se-
condary magnetic signals and local anomaly in
the vertical b, and horizontal b,, owing to tsuna-
mi passages for four large tsunami events, na-
mely: the 2010 Chilean, the 2011 Tohoku, the
2010 Mentawai, and the 2004 Aceh with large,
sea-hypocentered earthquakes and magnitu-
des of M,, 2 7.8, some crucial points of views
are discussed in the following paragraphs.

Firstly, the intensity of local anomaly sig-
nal is relatively small compared to the one pro-
duced by the Earth’s fluid outer core, termed as
the main geomagnetic field (Prastowo & Jan-
nah, 2015). Therefore, the design and deve-
lopment of sensitive electromagnetic sensors
for field monitoring and measurements of mag-
netic fields induced by ocean flow is a must.
This is important because the success of real-

time monitoring of any phenomenon in nature
generally relies much on instrument accuracy
and sensitivity. Hence, the advance of science
and modern technology relevant to a particular
earth-related disaster, such as tsunamigenic
earthquakes and tsunamis, allows us to impro-
ve both the quality of measurement facilities for
a better early warning system and the effective-
ness of an approach to hazard mitigation study
(Satriano et al., 2011; Satake, 2014).
Secondly, real-time monitoring of tsuna-
mi-magnetic signal and its corresponding local
anomaly in the oceans examined in this study
can therefore be an alternative method of the
existing tsunami early warning system. This
existing method has been based on seismic
monitoring, for example, instrument for field
measurements of seismic activities utilizing
Global Positioning System (GPS) to rapid ana-
lyses of the earthquake size (Blewitt, Kreemer,
Hammond, Plag, & Stein, 2006). Current stu-
dies relying upon seismic signal monitoring has
included examination of subsurface seimo-tec-
tonic activities covering areas in Sumatra (San-
tosa, 2012) and evaluation of accuracy in de-
termination of some earthquake parameters for
improvement of Ina-TEWS performance (Mad-
lazim & Prastowo, 2016). Compared to these
studies, the present method used in this study
is promising and excellent in the sense that the
developed method of tsunami-magnetic signal
estimates, as predicted by equations (2) and
(4), directly relates to a tsunami parameter,
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that is, n, representing the maximum vertical
sea surface displacement due to the passage
of a tsunami wave at open seas. Knowledge of
disturbance in the sea surface elevation n is
required for better prediction of tsunami height
(water run-up) when the giant wave approa-
ches shorelines. Hence, this work is also im-
portant for hazard mitigation study.

Thirdly, in the context of hazard mitigati-
on study a comprehensive approach is then ne-
cessary through careful handling on problems
associated with ‘front- (hulu) and end- (hilir)’
user treatment and other relevant aspects as
well. In the perspective of end-user treatment,
information about the generation of tsunami-
magnetic signals and magnetic anomaly could
possibly be incorporated into school curricula
through relevant educational and laboratory
activities (Prastowo & Ain, 2015), and class-
room activities on the basis of SETS and local
wisdom (Rusilowati, Supriyadi, & Widiyatmoko,
2015). A combined approach of both types of
treatment through integrated science in a clas-
sroom setting could also be implemented by
providing students with discussions on mang-
rove plantation along a shoreline that is able
to reduce ocean current and incoming wave
energy hence to protect population living near-
by (Kristiyanto, Armono, & Soemarno, 2013).
In prinpicle, efforts in reducing disaster risks to
minimum are thus compulsory for all authorities
including educators, scientists, engineers, and
decision makers to do the best for minimizing
risks of disaster dan maximizing awareness
of disaster-related science (Suppassri et al.,
2015).

CONCLUSIONS

Tsunami waves caused by large eart-
hquakes with the hypocenter located below
the sea surface generate secondary magnetic
signals hence anomalies observed as small
perturbations on the primary, Earth’s magne-
tic fields. In this study, the secondary fields
are then decomposed into the vertical b, and
horizontal b, components and determined by
analytical and visual estimates. Theoretical es-
timates of the two components depend on two
interconnected parameters: h/L and c/c_. If h/L
2 2.0 and c/c, = 1 hold (deep-sea cases with
ignorable diffusion effects), then b, is calcula-
ted using frozen-flux approximation. Using this
approximation, estimate of b, yields b, = 0.43
nT for the 2010 Chilean event and b, = 15.31
nT for the 2011 Tohoku occurrence. Values of

b, found for the two large tsunamis are in good
agreement with magnetogram from both IN-
TERMAGNET and BCMT, where b, = 0.47 nT
for the 2010 Chilean case and b, = 15.80 nT
for the 2011 Tohoku tsunami. Another important
result is that the horizontal signal b, reaches at
its maximum peak at about 2.5 minutes before
the vertical signal b, does.

The 2010 Mentawai event occurred in a
relatively shallow water and is unique in that
the roles of diffusion effects become into play.
Some observational points show a large devi-
ation of b, estimates from the expected values,
suggesting that prediction of b, based on the
frozen-flux theory is inapplicable to cases whe-
re oceanic diffusion is strong. However, the
scatter of the calculated value for b, in the ran-

ge of b, <% 2.5 nT for this case is consistent
with b, ~ 2 nT recorded by magnetogram from
INTERMAGNET and BCMT for the 2004 Aceh
tsunami.

Monitoring of magnetic signals and
anomalies due to tsunami can therefore be a
candidate for tsunami early warning to assign
a more comprehensive system in cooperation
with the existing method based on seismic sig-
nal processing and monitoring. Good estima-
tes of b, and b, in agreement with prediction
by visual inspection on magnetogram and the
results from relevant previous work, however,
have not yet unrevealed the characteristic of
tsunami wave propagation. Issues, such as
tsunami height when approaching the shoreli-
ne, tsunami propagation direction and its as-
sociated speed at open seas remain important
and therefore such issues become challenging
for future work.
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ABSTRACT

The direction of current science is emphasized on the importance of science literacy skill as a preparation
for students returning to community after finishing school. Science literacy skill is believed can help the
individuals to solve the problem scientifically and accountable. Science textbooks are instructional tools that
help students learning science. The purpose of this research is to analyse the textbooks of Physics for high
school grade X about Optical Instruments topic based on science literacy indicator. The study conducted
in four senior highschools. There were two textbooks used in those schools, Book A and Book B. The
results showed that on average the emergence of science literacy indicator of science nomenclature was
17.5%, intellectual process skills was 45.5%, the rules of scientific evidence was 8.5%, postulate of science
was 19%, and scientific disposition was 9.5%. Book A contained of more research activities than Book B,
but Book B linked the second indicator more comprehensive. The advantages and disadvantages of each
analyzed textbooks can be used as a further background study for developing the good quality teaching
material of physics-based scientific literacy.

ABSTRAK

Arah dalam pembelajaran sains saat ini menekankan pentingnya kemampuan literasi sains sebagai
persiapan untuk terjun ke dalam masyarakat setelah menyelesaikan studi. Kemampuan literasi sains
diyakini dapat membantu individu untuk menyelesaikan masalah yang dihadapi secara ilmiah dan bisa
dipertanggungjawabkan. Buku ajar merupakan suatu alat pengajaran yang membantu siswa dalam
memahami sains. Tujuan penelitian ini adalah menganalisis buku teks fisika SMA/MA Kelas X materi alat
optik berdasarkan indikator literasi sains. Penelitian dilakukan di empat sekolah menengah atas. Terdapat
dua buku yang digunakan di sekolah tersebut, Buku A dan Buku B. Hasil penelitian menunjukkan bahwa
rata-rata kemunculan indikator literasi sains penamaan ilmiah 17,5%, kemampuan eksperimen dan
observasional dasar 45,5%, kaidah bukti saintifik 8,5%, postulat sains 19%, dan disposisi ilmiah 9,5%.
Buku A mengandung kegiatan penyelidikan lebih banyak dibandingkan Buku B, namun Buku B mengaitkan
indikator literasi sains yang kedua lebih komprehensif. Kelebihan dan kekurangan dari masing-masing buku
dapat dijadikan dasar penelitian lebih lanjut untuk meningkatkan kualitas pembelajaran berbasis literasi
sains.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: optical instruments; science literacy; textbooks

INTRODUCTION E., 2007). In order to fulfill the purpose, Physics

learning should be able to help the students to

The main purpose of current Physics develop the abilities to struggle for their bright
learning is to prepare the students for their bet- future (Etkina et al., 2006). The students are
ter future in 21st century (Karelina, A. & Etkina, demanded to be able to solve complex prob-
lems using media, technology, information, and
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accountable scientific reasoning in their daily
life.

Comprehension and application of scien-
ce for society needs in solving the problem is
the definition of science literacy (Hurd, 1997;
Holbrook & Rannikmae, 2009; Gormally, Brick-
man, & Lutz, 2012). Development of science
framework revealed that having science attitu-
des as students behavior is the main purpose
of science learning. The students are trained
to have abilities in applying the competences
of science which they learned from school to
become well behavior persons in society and
vice versa they can utilize the society and envi-
ronment as a learning source to become more
wise people in making decision of their life.

The measurement of science literacy skill
has been done in many countries. One of the
routine programme of measurement of science
literacy skill which is done once in 3 years is
Program for International Student Assessment
(PISA). From the report of PISA 2015, the ave-
rage score of science literacy of Indonesian
students was 403 and in the rank of 62 from
70 countries of test participants. Research from
Arief & Utari (2015) has reported the same re-
sult. They used levels of inquiry approach in
students’ learning program of grade VIl to imp-
rove students’ science literacy. The result of the
research revealed that by applying inquiry ap-
proach, the competence of explaining scientific
phenomenon and the competence of interpre-
ting data were significantly increase. However,
the competence of evaluating and designing
scientific investigation were still poor. Nevert-
heless, actually there is a potensial showed by
the students to become increase those compe-
tence by special training which is accordance
that can be done in future study.

Two main factors that influenced stu-
dents’ science literacy are the learning resour-
ces (e.g. book) and the learning program that
support them to have science literacy skills
(Rusilowati, Susilowati, & Nugroho, 2016). The
fact showed that students have more time to
interact with the textbook than with the teacher.
Having this flexibility, there is a chance to train
them to have science literacy skill by optimizing
the textbook function. But of course there is a
requirement for the textbook to bridge the stu-
dents to have good science literacy skill by en-
riching the textbook with research activities to
develop students scientific abilities. Therefore,
the content of textbook for students should be
the main consideration.

Many researches about science literacy

skill development were done. One of the deve-
lopments is in the used of indicator of science
literacy. Nature of Scientific Literacy Test (NOS-
LiT) is an instrument measuring the students’
comprehension of authentic science to reach
the success of science literacy (Wenning,
2006). NOSLIT is developed especially to me-
asure the science literacy of senior high school
students. Thus, the indicators of science litera-
cy skill used by NOSLIT are suitable with the
thinking abiliy of senior high school students.
The indicators are science nomenclature, intel-
lectual process skills, rules of scientific eviden-
ce, postulate of science, scientific disposition,
and major misconceptions about science.

The research procedures that will be
done are adapted from science literacy indica-
tors stated by Wenning (2006). The first adap-
tation is the use of five from six science literacy
indicators, diminution of one indicator is about
the major misconceptions about science. The
second adaptation is diminution of the third
criteria of indicator, the rules of scientific evi-
dence. From 12 criterias there will be only 4
criterias which will be used. This is chosen be-
cause the consideration about the discussion
of science misconceptions consists of comple-
xity and needs a separated discussion. Then,
the reason to not use the other 9 criterias in the
indicators of the rule of scientific evidence is
because it consists of complexity which can not
be seen directly from the textbook.

To get the prelimenary data about mis-
conception on optical instruments topic which
hold by the students, interview session were
done with some students in Pacet subdistrict.
Based on interview results, optical instruments
was difficult to be learned because it was deli-
vered using mathematic equations. Since, they
did not understand the concepts behind the
mathematic equations, it results misconception
among them. Other researches also reported
difficulies in understanding the topic. Suniati
et al. (2013) explained that the students had a
misconception in defining properties and mag-
nification of images on the magnifying glass.
Agnes et al. (2015) stated that most of students
in her research samples had misconception in
analyzing the formation of image on the mirror
and optics devices. From the premilinary data
and other researchers report, it can be conclu-
ded that there is a need to do a crucial effort
in revising and correcting the misconception in
optical instruments topic. Thefore, the purpose
of this research is to describe the contribution
of the textbook in developing students science



A. Rokhmah, W. Sunarno, M. Masykuri - Science Literacy Indicators in Optical Instruments 21

literacy skills by analysing the Physics textbook
for high school grade X on Optical Instruments
topic based on the indicators of science literacy
in Pacet subdistrict.

METHOD

This research was used descriptive met-
hod and conducted in all high schools in Pa-
cet subdistrict, Mojokerto district in the odd
semester in academic year 2016/2017. There
are SMA N 1 Pacet, SMA 45 Pacet, MA Pacet,
and MBI Amanatul Ummah as participants of
this research.

The research subject was the Physics
textbooks for grade X of Optical Instruments
topic used by those four schools. There were
two textbooks used, Book A and Book B. The
analysis was done by using the indicator of
science literacy skill setted by Wenning (2006).
The analysis has been done based on the in-
dicator of learning material arranged by the
researchers. The indicators are adjusted with
the rules of Optical Instruments on Curriculum
2013.

The data collection was used check-list
technique on the analysis paper. The first step
was analysed the indicator of science literacy,
in every indicator of the optical instruments ma-
terial from Book A. After giving the check-list,
descriptions of the indicators that appears also
need to be written. This part was repeated until
five indicators of science literacy on arranged
learning indicator had been analyzed.

The second step was analysed the
science literacy indicators on every learning
indicators of Optical Instrument material from
Book B. After finished all books, the analysis
result of science literacy was calculated it per-
centage by counting the number of indicators
that appears and divide them with the total
number of indicator then multiplied the result
by one hundred percent. From the calculation,
the emergence of science literacy of the books
can be described.

RESULTS AND DISCUSSION

Based on the analysis, the content of
both of the books on the Optical Intruments
material had similar learning indicators. In this
chapter, the materials discussed from Book A
and Book B were Human Eyes, Visual Impair-
ment, Magnifying Glass, Microscope, Telesco-
pe, and Camera. These materials were delive-
red in text and images forms. On Book A there

were additional rubric in form of links about the
related information concepts taught. Students
were expected to access the link independently
or by group to get additional knowledge more
than the content from the text Book A and also
to train the students’ skill in collecting data and
information. Both of the books were also equip-
ped by the example of problems and answers
which can help students to understand the app-
lied concept

The first analysis result from the rese-
arch process is the analysis of science literacy
indicators on every learning indicator. Not all of
the learning indicators on the book which are
analyzed contain of the science literacy indica-
tors. Below are the results of the analysis.

Table 1. The analysis results of science literacy
indicator in every learning indicator

The Emergence
of Science Lit-
eracy Indicator

Book A Book B

Learning Indicators

Identify parts of eye 1 1
Analyze the formation of 1 0
images in the eyes
Identify optical instruments 0 0
for visual impairment
Analyze image formation in y 1
eyes with impaired vision
Analyze formation of im-
ages on the magnifying 1 1
glass
Identify microscope parts 2 1
Analyze formation of im- 5 1
ages on the microscope
Identify telescope parts 1 1
Analyze formation of im-

5 5
ages on the telescope
Analyze system of the eye

0 1
and the camera
Analyse formation of im-

0 0
ages on the camera
Analyze the use of focal

; 0 0

length and exposure time
Total 17 12

On Book A, the learning indicators 7
and 9 contain the most science literacy indica-
tors. There are some analysis activities about
microscope and telescope which can be done
by the students to improve their scientific attitu-
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des, understanding of concepts, and skills. That
activities will integratively train the five science
literacy indicators at once, such as science no-
menclature, the intellectual process skills, rules
of scientific evidence, postulate of science, and
scientific disposition. Indicator 1, 2, 4, 5, and
8 only contain one indicator of science literacy
because those indicators only show the intel-
lectual process skills. That indicator appears in
form of observing the picture from the textbook.
Generally, the picture provides the students
activity to observe the formation of images on
some optic instruments. Indicator 6 shows two
indicators of science literacy, there are scien-
ce nomenclature and the intellectual process
skills. The activity for students is to find the li-
terature through the link provided and observe
the parts of microscope and the formation of
images in microscope through picture and link
it with what they get from the website.

On Book B, the learning indicator 9 con-
tain the most science literacy indicators. In this
indicator there are research activity about te-
lescope done by the students which is integra-
tively train all five indicators of scientific literacy
at once. The Indicator 1, 4, 5, 6, 7, 8, and 10
only contain of one indicator of science literacy.
Those seven indicators only show the intellec-
tual process skills. As in the Book A, the indi-
cator is shown in form picture observation from
the textbook.

Based on the analysis results above, it
can be concluded that the emergence of scien-
tific literacy indicator is mostly shown on the
indicator 9, which is analyzing the form of ima-
ges on the telescope. Both of the books have
five scientific literacy indicators which are ana-
lyzed. The completeness of scientific literacy
indicators in that learning indicator is packaged
in exploratory activities. Book A used the exp-
loratory activity to make a simple Galileo teles-
cope meanwhile Book B used the exploratory
activity through literature study about the space
telescope, radio telescope, and simply measu-
rement of the diameter of the moon.

The disappearancee of complete science
literacy indicator on the other learning indica-
tor is because the material is presented in text
form. Students are often exposed that scien-
ce is a collection of concepts to be memorized
rather than processes for information-seeking
and evaluation (Zimmerman, 2007; Kuhn,
2010; Minner, Levy, & Century, 2010; Morris,
Masnick, Baker, & Junglen, 2015). The books
give the explanation directly related to the ma-
terial without providing an opportunity for stu-

dents to engage in activities that construct their
understanding. Most of the indicators in optical
instruments material are taught by reading and
writing only.

The second result of the analysis from
the research is the analysis of science litera-
cy indicator from both of the books. Table 2 is
the data of the analysis results from the scien-
ce literacy indicators on Book A and Book B.
Based on the analysis data in Table 2, both of
Book A and Book B have contained five scien-
ce literacy indicators. On average, the highest
percentage of science literacy indicator is the
second indicator, it is 45.5%. Both of the books
show the same result that the most dominant
science literacy indicator is the second indica-
tor which use the picture as a media to provide
the students activity to do observation to get
the learning concept. Another media which can
be used for teaching the concepts are natural
phenomenon, graph, or the environmental in-
vestigation.

The second literacy indicator that often
arises is the science nomenclature by 17.5%.
The science nomenclature is the general lan-
guage used in science. The language is related
with the experiment activity and the concept of
epistemology. The textbooks that rich of scien-
ce literacy uses the general scientific language
that commonly used in science. The Book A has
higher percentage of the science nomenclature
indicator than Book B. Eventhough the material
of Book A is lesser than Book B, but Book A is
richer in the use of scientific language.

The third literacy indicator that often
arises is postulate of science by 19%. In this
indicator, Book A has higher percentage than
Book B. Postulate of science is the assump-
tion about science which is still used until now.
There are 8 indicators of postulate of science
analyzed in the book. Postulate of science will
be understood if only students do the activity
that actively construct their comprehension of
concepts taught. This is because the assump-
tions about science is closely related to the in-
vestigation or experimental activities. The Book
A contains two exploratory activities while the
Book B contains only one exploratory activities.

The fourth indicator that often arises is
a scientific disposition by 9.5%. Scientific dis-
position is the character or attitude that is ex-
pected from a scientist. Scientists are people
who learn about science so the students are
also expected to have a scientific disposition
indicator. These characters include curiosity
and skepticism, objective, and not dogmatic,
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Table 2. Data from the analysis of scientific literacy indicators in both books

The Physics Textbook

Science Literacy Indicator
(Wenning, 2006)

Book A (16 pages)

A %
Book B (20 pages) verage (%)

> Statement (%) ) Statement (%)
Science nomenclature 14 20 8 15 17.5
Intellectual process skills 26 37 28 54 45.5
Rules of scientific evidence 6 9 4 8 8,5
Postulate of science 16 23 8 15 19
Scientific disposition 8 11 4 8 9.5
Total 70 100 52 100 100

creative and logical, as well as honest and
trustworthy. Book A and Book B was different
only about 3% on this indicator. In general, the
two books have given indicators of scientific
disposition to the students.

The last indicator that appears with the
lowest percentage is the rules of scientific evi-
dence by 8.5%. The rules of scientific eviden-
ce is treating the problems faced by students.
The problems in the textbooks can be either a
case study or the problem in exploratory acti-
vities. There are four criterias in this indicator
which were analyzed in both textbooks. Indica-
tors rules of scientific evidence has the lowest
percentage since the second book presents
many descriptions science knowledge without
involving students about how the knowledge is
acquired.

Based on the analysis, the second scien-
ce literacy indicator is the highest appearance
on both of the book. The second science litera-
cy indicator on Book A does not relate to a mat-
hematical equation, but only the physical con-
cepts. On Book B, the second science literacy
indicator is related to physical concepts which
is going to be learned then relate it to appli-
cable mathematical equation. For example the
indicator to analyze the formation of images
on a magnifying glass, the Book B associates
images as a media observation to introduce
the logic of mathematical equations of the ob-
tained magnification image. The Book A invites
students to analyze about the light rays in the
process of forming an image without defining
how the magnification can be obtained.

Thus, it can be concluded that Book A
has more science literacy indicators than Book
B. However, the second indicator, intellectual
process skills in Book B is more comprehen-
sive. Through Book A, skill of science literacy
can be trained more optimal, but linkages with
the concept of mathematical equations will be

more easily found in Book B.

The science textbook is a very impor-
tant component in learning science in school
(Chiappetta & Fillman, 2007). The students
look the subject through the textbook that they
read. Some Physics textbooks still give the
mathematical equations without explaining it is
obtained through the physical state of a scien-
tific phenomenon. Therefore, the contents of
physics teaching materials used need to be
designed to improve students’ perceptions and
the logic of how a mathematical equation is
applied and obtained.

One of the effort can be done is to enga-
ge students in exploratory activities. Explorato-
ry activities will require students to track down
a problem or issue of certain phenomena using
complex skills, either using the mathematical
and non mathematical approach. Exploratory
activities will encourage students to be more
critical and active, not just directly accept the
concepts presented in textbooks. Through the-
se activities, the learning processes invite stu-
dents to observe, predict, investigate, analyze
and conclude. The kind of activities that can be
done such as experimental activities, observa-
tion, literature study, as well as role play.

Those points are suitable with the objec-
tive of science literacy by Holbrook & Rannik-
mae (2009) that the excellent scientific literacy
is taught with the view that “teaching through
science” not “science through teaching”. Cur-
rently, the direction in learning science empha-
sizes on the importance of scientific literacy as
the ability to be owned by the students after
learning (Fives, Huebner, Birnbaum, & Nico-
lich, 2014). There are many researches on stu-
dents’ science literacy assessment which has
been done (for example Bybee, 2008; Wen-
ning, 2006, 2007; Fives et al, 2014). Therefore,
the learning process in school should support
the development of students science literacy
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skills and it can be done optimally by providing
good physics textbook to encourage student to
do many kind of activities such as experimen-
tal activities, observation, literature study, as
well as role play.

CONCLUSION

The emerging of science literacy indi-
cators from the two textbooks sequentially are
the intellectual process skill of 45.5%, postula-
te of science by 19%, science nomenclature of
17.5%, scientific disposition by 9%, and rules
of scientific evidence 8.5%.

The science literacy indicators from
Book A appears more often than Book B. Book
A contains more activities of investigation than
Book B, but Book B is linking the second in-
dicator, the intellectual process skills with the
more comprehensive concepts and mathemati-
cal equations.

The results of this study can be used by
teachers of physics community to consider the
textbook to be used. The textbooks used must
contain with indicators of scientific literacy and
have clear thinking groove in teaching phys-
ics concept. The advantages and disadvan-
tages of each analyzed textbooks can be used
as a further background study for developing
the good quality teaching material of physics-
based scientific literacy.
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ABSTRACT

This study aims to improve the creative thinking skills of prospective physics teacher as the impact of the
application of interactive thermodynamics multimedia (ITMM). The research method used is quasi experiment
with control group pretest-posttest design. The subjects consisted of 34 students in the experimental group
and 33 students in the control group. Participant students are physics physics semester fourth, in one of the
state universities in East Kalimantan. The research instrument consists of multiple choice test items charged
with creative thinking skills. Data were analyzed by using difference test of two averages. The normalized
gain gain score <g> of creative thinking skill aspect on the experimental group is 0.60 and the control group
is 0.31. This indicates that the creative thinking skills of the prospective physics teacher increase significantly
after they experience thermodynamic learning with interactive multimedia. Thus it can be concluded that the
use of interactive multimedia improve the creative thinking skills of prospective physics teachers.

ABSTRAK

Penelitian ini bertujuan untuk meningkatkan keterampilan berpikir kreatif mahasiswa calon guru fisika
sebagai dampak penerapan multimedia interaktif termodinamika (MMIT). Metode penelitian yang digunakan
adalah kuasi eksperimen dengan control group pretest-posttest design. Subjek penelitian terdiri atas 34
mahasiswa pada kelompok eksperimen dan 33 mahasiswa pada kelompok kontrol. Mahasiswa partisipan
adalah mahasiswa pendidikan fisika semester ke empat, di salah satu perguruan tinggi negeri di Kalimantan
Timur. Instrumen penelitian terdiri dari butir tes pilihan ganda bermuatan keterampilan berpikir kreatif.
Data dianalisis dengan uji perbedaan dua rerata. Rerata skor gain yang dinormalisasi <g> pada aspek
keterampilan berpikir kreatif kelompok eksperimen adalah sebesar 0,60 dan kelompok kontrol sebesar 0,31.
Hal ini mengindikasikan bahwa keterampilan berpikir kreatif mahasiswa calon guru fisika meningkatkan
cukup signifikan setelah mereka mengalami pembelajaran termodinamika dengan multimedia interaktif.
Dengan demikian dapat disimpulkan bahwa penggunaan multimedia interaktif meningkatkan keterampilan
berpikir kreatif mahasiswa calon guru fisika.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: interactive multimedia; thermodynamics; creative thinking skills; physics prospective teachers

INTRODUCTION

In an ever-changing societal situation
and increasingly severe challenges, an educa-
tor should look far ahead and think about what
will be facing by learners in a future. In a histo-
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rical perspective, the 21st century learning de-
veloped in the United States in 2007 supported
by other developed countries including Aust-
ralia which was pioneered by The Partnership
for 21st Centuty Skill has important purposes.
They resulted formulation that students should
be facilitated in order to have skills of commu-
nication, creative thinking, collaboration, critical
thinking, and problem solving (Pacific Policy
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Research Center [PPRC], 2010). The knowled-
ge and ability obtained can be made provision
of life in a community that has both local and
global character and can be accounted perso-
nally and socially. The ability to think creatively
will effectively facilitate students in solving the
challenges associated with events in everyday
life. Therefore, the ability of creative thinking is
very important to be developed and owned by
students in the learning process and after the
learning process.

Thermodynamics has a dynamic charac-
ter and requires creativity in solving the prob-
lem. This material can be used as a vehicle for
developing creative thinking skills. However,
the obstacles faced are the content of material
given by textbooks still tend to be mathemati-
cal, many formulas, many contain abstract con-
cepts, based on principles, and state the pro-
cesses and cycles that all this less support the
development of creative thinking. These have
been investigated and reported by Lewis, et al.
(1993) which state that students are not able
to integrate thermodynamic concepts in comp-
lex phenomena. Huang and Gramoll (2004)
find out from the results of their research that
students have difficulty in visualizing abstract
concepts. In Carnot cycle material, students
still have difficulty how to apply p-V diagram to
solve the problem (Kulkarni & Tambade, 2013).
Christensen, et al. (2009) found that students
experienced misinterpretation in understanding
the laws of the ideal gas. The constraints found
by the researches turn out to affect the ability
of students in understanding the material, cau-
sing frustration in building mental models, tend
to be boring, so that adversely affect their lear-
ning outcomes. Based on these findings, it is
deemed necessary to provide visualization of
abstract concepts that students are difficult to
understand in the form of animations, simula-
tions, and virtual labs. However, dynamic visu-
alization can not be obtained through printed
books, so it takes computer technology to de-
velop dynamic visualizations that can be used
in the learning process. The resulting visuali-
zation can be interactive multimedia courswa-
re or learning software. Through animation,
simulation, and virtual laboratory students will
be facilitated to be able to build knowledge and
develop the ability to think creatively.

Several studies related to the use of in-
teractive multimedia in learning have been able
to help and facilitate the improvement of con-
cepts mastery and students’ creative thinking
skills. The integration of computer animation

in effective learning helps students to improve
their understanding in various concepts of phy-
sics (Kohnle, et al., 2012; Dega, et al., 2013).
Interactive multimedia can visualize and simp-
lify abstract thermodynamic concepts such as
enthalpy and entropy. This is expressed by
Liu (2006) which states that abstract concepts
such as the gas laws are more easily under-
stood by using multimedia. Junglas (2006) sug-
gests that the use of interactive simulations will
improve students’ mental models. McKagan, et
al. (2008) stated that interactive software helps
students to understand abstract concepts on
quantum mechanical. Doyan and Sukmantara
(2014) reported that learning with an effective
web intranet enhances the mastery of concepts
such as work, energy, and power. The research
results of Siswanto, et al. (2016) also showed
that the use of E-Lab effectively enhances the
understanding of physics concepts. It can be
concluded that to be able to enhance the stu-
dents’ ability to integrate thermodynamic con-
cepts in complex phenomena and enhance un-
derstanding, the use of interactive multimedia
using simulations, movies, diagrams, graphics,
animations, and sounds plays a vital role to
help visualize and simplify abstract concepts
that students can not comprehend. In addition,
the power of interactive multimedia is to give
students the opportunity to study the material
at any time, respond quickly, accustom to cre-
ative thinking, and encourage students’ curiosi-
ty to conduct investigations. It is corroborated
by Podolefsky, et al. (2010) who stated that
learning by using simulations can develop stu-
dents’ ability to investigate, establish relation-
ships between representation, and analogy to
understand scientific ideas.

Recently, experts have been resear-
ching, designing, and developing lessons by
using information and communication techno-
logy. Results of overview Mulop, et al. (2012)
from 1993 to 2009 in several journals related
to the utilization of information and communi-
cation technology in thermodynamic lectures
states that the tendency of research in ther-
modynamic learning can be grouped into three
groups namely; (1) the use of multimedia to
assist students in problem solving (Baher,
1998; Ngo & Lai, 2003; Liu, 2009); (2) use of
simulation and multimedia programs to impro-
ve student interactivity (Baher, 1998; Kumpaty,
2002; Ngo, 2003; Anderson, Taraban, & Shar-
ma, 2005; Hassan & Mat, 2005, Junglas, 2006;
Bullen & Russell, 2007; Chaturvedi, Abdel-Sa-
lam, & Kasinadhuni, 2007; Weston, 2008; Liu,
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2009); (3) the use of interactive multimedia and
simulations to enhance the ability of reflection
and application of scientific ideas (Ngo, 2003;
Jonnasen, et al.,, 2009). Based on these re-
sults, no one has developed and implemented
a comprehensive interactive multimedia that
includes animation, simulation, virtual labs,
and interactive exercises aimed at improving
the creative thinking skills of prospective teach-
ers in thermodynamic learning. Therefore, it is
necessary to implement interactive multimedia
thermodynamics that other researchers have
developed to enhance creative thinking skills
with different nuances or designs with existing
interactive multimedia as in Figure 1.
Interactive thermodynamic multimedia is
structured using four main components: theory,
animation, virtual labs, and practice. The pur-
pose of each componentis; (1) theory, contains
important concepts and is a supplementary
textbook owned by students and in this section
there is an animated link related to the concept
learned; (2) animation, used to help students
understand a process and thermodynamic
cycle, diagram form each process or cycle, and
assist students in developing creative thinking
skills, and each animation is equipped with a
brief explanation; (3) virtual labs, used as a
component to perform student’s main activities

Selamat Datang
di
Perkuliahan Termodinamika

Frish Preesatahan Fovdg SEIP Lmerad

Figure 1. Example of Interactive Multimedia
(b) material; (c) animation; (d) virtual laboratory.
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in developing creative thinking skills. Virtual ex-
periments along with student-oriented student
inquiry sheets are designed to allow students
to experiment virtually, to formulate hypothe-
ses, collect, analyze data, and draw conclu-
sions; (4) exercises, used by students at the
end of learning after learning thermodynamic
concepts and conducting experimental activi-
ties in order to test students’ understanding.
This exercise is also designed by giving feed-
back to users to check their answers.

The thermodynamic materials which
are the focus of this study are the basic con-
cepts of thermodynamics, energy and the first
law of thermodynamics, the properties of pure
substances, the ideal gas, the second law of
thermodynamics, as well as the Carnot cycle.
This developed interactive multimedia not only
serves as a development of mastery of thermo-
dynamic concepts, but also can develop indi-
cators of creative thinking skills. These indica-
tors include fluency, flexibility, elaboration, and
originality. Therefore, the purpose of applying
interactive multimedia-based Thermodyna-
mic learning in this research is to improve the
creative thinking skill of physics teacher can-
didate. Stages of interactive multimedia-based
Thermodynamics learning can be described in
Table 1.

TERMODIMAMIKA

—

&€

Interface  Thermodynamics: (a) front page;
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Table 1. Learning Stage of Interactive Thermodynamics Multimedia (ITMM)

Stages Students Activities

AbilitiesnTrained

Orientation

Recognize thermodynamic materials

and concepts, objectives and problems

to be solved.

Studying thermodynamic concepts
through IThh to gain knowledge as a

basis for problem salving.

———————— tInderstanding
Thermodynamics concepts

Explaration Students discuss in groups

I3-4 persons) toinfer the intent and
design their problem salving thraugh

jmm—mm Fluency

virtual experiments aor steps to be [ — Flexibilihy

petfarmed.

Students conduct virtual experiments
on a virtual lab menu; -
- Presenting divergent questions.

- Farmulate hypotheses

- Designing virtual experiments-

- Conduct vitual experiment ___=-—£laboration
- Collect and analyze data:l'

- Make a conclusion - - _________ = Flexibiliny
Presentation Communicate the results of the Fluency
investigation through group
presentations
Evaluation Daing the exercises through ThM;------------ £lzbaoration

WWriting a summary,
Recard individual and group
assignments.

METHOD

The method used in this research is
quasi experiment with control group pretest-
posttest design (Fraenkel, 2007). In this design
there are two groups, namely experimental
group (n = 34) and control group (n = 33). The
experimental group received learning using in-
teractive multimedia thermodynamics and the
control group gained traditional learning. The
two groups performed pretest and posttest
creative thinking skills in the form of multiple
choices consisting of 40 questions. The result
of qualitative question validity analysis by three
experts shows that the question of creative
thinking in the thermodynamic context is valid
to be used and the result of quantitative validi-
ty (product moment) shows a significant result
(valid). The reliability of the question using the
Cronbach alpha value criterion is 0.79. These
results show that the creative thinking skills
developed have high internal consistency. The
data of the two groups were analyzed using the
mean difference test (T test or Mann-Whitney)
and normalized gain scores <g>. Normalized
gain scores by the formula (Hake, 1998):

%(S,)—%(S,)

(e)= 100 %(S,) .

where, S, = posttest scores, S, = pretest scores
by categories yaitu: low (<g> < 0,3), moderate
(0,3 = <g><0,7), and high (<g>=0,7).

Level of significance of two-averaging
test used effect size calculation (d). According
to Morgen, et al. (2004) results of significant
differences do not provide information about
the quality of the differences between the two
data groups. Therefore, Cohen (Morgen, et al.,
2004) recommends a significant difference with
five categories: very small (d <0.2), small (0.2 <
d £ 0.5), moderate (0, 5<d <0.8), high (0.8 <
d <1.0), and very high (d = 1.0). By the formula:

d=(Mg—M ) J(SDE+5DE)I2

where, M_ = average scores of experimental
group, M, = average scores of control group,
SD_ = deviation standard of experimental
group, SD. = deviation standard of control

group.
RESULTS AND DISCUSSION

The indicator of creative thinking skill
developed in this research consists of four in-
dicators namely fluency, flexibility, elaboration,
and originality. To determine the achievement
of interactive multimedia-based thermodyna-
mic learning related to the creative thinking
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Table 2. Pretest, posttest, and normalized gain scores <g> of each indicator of creative thinking

skills in the experimental and control groups

Creative Experimental
Thinking Group Con(trr]c;'go”p
Indicators (n=34) <g> <g>
(%) (%)
pretest posttest Pretest posttest
Fluency 34.22 71.12 56 36.36 59.05 36
Flexibility 4422 85.09 72 40.96 58.33 29
Elaboration  34.33 76.52 60 35.37 53.76 28
Originality 36.47 7027 49 3545 5485 31

ability of prospective physics teachers, nor-
malized gain scores <g> were analyzed in the
experimental and control groups. The average
pretest, posttest, and normalized gain scores
<g> of each indicator of creative thinking in the
experimental and control groups is presented
in Table 2.

Normalized gain scores <g> of the fluen-
cy indicators in the experimental and control
groups showed a moderate increase (Table
2). This suggests that interactive multimedia-
based thermodynamic learning can improve
the ability of creative thinking in fluency indica-
tors. The flexibility indicator score shows a mo-
derate increase in the experimental group and
a low increase in the control group. This shows
that interactive multimedia-based thermodyna-
mic learning can improve the ability of creative
thinking in flexibility indicator. The elaboration
indicator score was a moderate increase in
the experimental group and the low increase
in the control group. This shows that interacti-
ve multimedia-based thermodynamic learning
can improve the ability of creative thinking in
elaboration indicator. Normalized gain scores
<g> indicator of originality in the experimental
group and control group shows a moderate in-
crease in the experimental group and control
group. The improvement of the four indicators
of creative thinking can not be separated from
the learning process with ITMM that has been
done experimental group. By using the learning
of ITMM the lecturer’'s dominance is reduced,
but his role as a facilitator persists.

Students appear to be increasing fluen-
cy ability when students trigger many ideas or
hypotheses to solve problems with the help of
ITMM. In addition, through the presentation of
experimental results of trained students foster
fluency skills. The flexibility capability is grown
at least in two ways through ITMM and when
asking divergent questions to solve problems
collaboratively. For example, in thermocouple

experiments, students ask the question such
as: How the sensitivity of various metal wires as
temperature sensors? How big is the seebeck
coefficient generated by the junction between
the wires for different types of thermocouples
? Elaboration skills are grown when students
conduct experiments, collect and analyze data.
For example, it presents data in the form of
tables, graphs, and mathematical equations.
Originality skills are grown as students plan
experiments and create unusual combinations.
For example, setting up and assembling tools
virtually. The results of the interactive thermo-
dynamics multimedia-based learning and the
indicators of creative thinking abilities are pre-
sented in Table 3.

Table 3 shows that the improvement of
creative thinking ability in each indicator bet-
ween the experimental group and the control
group are significantly different. Normalized
gain scores <g> of experimental group and
control group are in moderate category. The
results of difference test of two averages at a
= 0.05 shows a significant difference of impro-
vement of creative thinking skills between ex-
periment group and control group. Effect size
(d) of each indicator of creative thinking skills
are in very high category. This shows that the
learning of thermodynamics using interactive
multimedia is quite effective in improving the
creative thinking skills of prospective physics
teacher rather than learning without interacti-
ve multimedia thermodynamics in regular lear-
ning.

The result of data analysis showed that
the normalized gain score <g> on the flexibility
indicator in the experimental group was higher
than the control group, whereas the lowest nor-
malized gain score <g> is in the originality in-
dicator both in the experimental group and the
control group. Overall improvement in creative
thinking skills has not been satisfactory. Crea-
ting interactive multimedia that can lead to the
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Table 3. Normalized gain scores <g> each indicator of creative thinking skills in the experimental

and control groups

Creative Think- Normality Test

Test of Average of

ing Indicators Experimental Control D(ifzfear‘izctt)as Significances  d
Fluency (’\'S?;.NO?BTS') (SE?B’T’Z""(')O) Z=-4073 Sig.0.000 SIHCAMY 4 o
Flexibility ("'S?;_NO?B”SS; ("'S?;_NO?B”SS; Z=-4775 Sig.0.000 SIHCANY 4 4
Elaboration (SB%T?IO) (sg_OSE%IO) t=10.148 Sig. 0.000 Sig;;zs::t”y 0.95
Originality (SE?B’T’Z""(')O) (Si’;'%gac‘)'o) t=4539  Sig. 0.000 Sig;@gf::t“y 1.05

Normality Test = Kolmogorov-Smirnov Test (normal, sig.>0.05), p<0,05.

improvement of creative thinking skills of pros-
pective physics teachers is not an easy thing.
Therefore, a more rigorous and comprehensive
analysis of the appropriateness between each
indicator of the creative thinking skill developed
with the characteristics of the material, ani-
mation, simulation, and the virtual laboratory
used, the learning activities performed, and the
instruments used for further improvement the
creative thinking ability of physics teacher can-
didate students should be done.

All the indicators of creative thinking skills
in the experimental and control groups experi-
enced an increase in moderate and significant-
ly different categories (Table 3). This shows
that the learning of thermodynamics using in-
teractive multimedia is quite effective in impro-
ving the creative thinking ability of prospective
physics teacher compared with learning wit-
hout interactive multimedia. These results rein-
force some previous research results related
to the use of information and communication
technology in learning. According to Wheeler,
et al. (2002), the use of ICT in learning can imp-
rove students’ creative thinking ability. Similar
disclosed Laisema and Wannapiroon (2014)
that the use of information technology in lear-
ning is effectively support the development of
creative thinking skills of the students.

Faizin (2009) has stated that interacti-
ve multimedia learning model can be used in
physics teaching and learning as: (1) Virtual
laboratory through modeling and presentation
of phenomena and processes. (2) An expressi-
ve learning space for students to demonstrate
their ideas, predict, lower the laws of physics
and solve problems. The simulation of con-
cepts and phenomena of physics through inter-
active multimedia simulation will be effective in
teaching the students because: (1) Supporting

a strong learning space in studying the physi-
cal symptoms, (2) Easy to use and flexible, and
(3) Easily accessible in the computer environ-
ment. lvers, et al. (2002) revealed that multime-
dia can encourage students to learn in groups,
convey their knowledge in different ways, solve
problems, revise their work, and build know-
ledge. Computer simulations can encourage
students to investigate, ask questions, make
predictions, hypothesize (Tawil, 2011), obser-
ve, and interpret results (Kulkarni & Tambade,
2013), developing high-level thinking skills of
students (Reshaw & Taylor, 2000). Furthermo-
re, computer simulations can facilitate students
in formulating and testing hypotheses and as a
vehicle to match their ideas to what they obser-
ve in simulations (Zacharia, 2003).

The high normalized gain score <g> in
the experimental group was not separated from
the learning activities they experienced. In the
experimental group, students have the oppor-
tunity to directly teach themselves thoroughly,
construct their understanding, and train their
creative thinking skills. Each material is equip-
ped with animation, simulation, and virtual
labs. Through the virtual laboratory activities
students are trained to develop their creative
thinking skills, such as fluency indicators, whe-
re students always think of various answers
or solutions to the hypotheses that have been
formulated. The flexibility indicator, reflected
in the student’s ability to build a systematic
relationship and inductive reasoning to make
conclusions. The elaboration indicators sho-
wed by the students’ ability to add or itemize
the object becomes more interesting through
measuring, collecting, managing, and analy-
zing experimental data. Indicator of originality,
observed from the students skills in designing
experimental activities to be performed. In the
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control group the students receive only a single
amount of informations; they lack the opportu-
nity to develop their creative thinking skills.

CONCLUSION

Based on the results of the research, it
can be concluded that (1) interactive multime-
dia thermodynamics which developed in Ther-
modynamics learning can improve the creative
thinking skill of prospective physics teacher; (2)
the highest improvement of creative thinking
skills occurs in the flexibility indicator and the
lowest in the indicators of originality; (3) lear-
ning by using interactive multimedia thermody-
namics is quite effective in improving the creati-
ve thinking skills of prospective physics teacher
rather than regular learning, without interactive
multimedia thermodynamics.
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ABSTRACT

This study aimed to find the structure of the theoretical model that can illustrate the achievements of
Indonesian students in the field of physics. This study also examines the variables that directly or indirectly
influence the physics achievement of Indonesian students. The data in this study are data of TIMSS 2011
on physics test with population involved were 4572 Indonesian students grade 8. This research used path
analysis from LISREL 8.30. The physics achievement model of Indonesian students based on TIMSS 2011
results are as follows: (1) physics achievement is directly influenced by self-confidence, interest in learning,
and students 'attitudes toward the importance of physics; (2) physics achievement indirectly influenced by
students' involvement in physics learning indicated from their interest and confidence in physics learning;
(3) attitudes toward the importance of physics have an indirectly positive impact on physics achievement.
Students' self-confidence in physics learning has a stronger direct influence on their achievements than their
interest in physics.

ABSTRAK

Penelitian ini bertujuan untuk menemukan struktur model teoretis yang dapat menggambarkan prestasi
siswa Indonesia bidang fisika. Penelitian ini juga meneliti variable—variabel yang berpengaruh secara
langsung maupun tidak langsung terhadap prestasi fisika siswa Indonesia. Data penelitian ini berasal dari
data TIMSS 2011 pada mata uiji fisika dengan populasi yang terlibat sebanyak 4572 siswa Indonesia Kelas
8. Penelitian ini menggunakan path analysis dengan bantuan LISREL 8.30. Model prestasi fisika siswa
Indonesia berdasarkan hasil TIMSS 2011 adalah sebagai berikut: (1) Prestasi fisika dipengaruhi secara
langsung oleh percaya diri, minat belajar, dan sikap siswa terhadap pentingnya fisika, (2) Prestasi fisika
dipengaruhi secara tidak langsung oleh keterlibatan siswa dalam pelajaran fisika melalui minat dan percaya
diri dalam belajar fisika. (3) Sikap terhadap pentingnya fisika berpengaruh tidak langsung secara positif
terhadap prestasi fisika. Percaya diri siswa dalam belajar fisika mempunyai pengaruh langsung yang lebih
kuat terhadap prestasi mereka dibandingkan minat mereka terhadap fisika.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: determination; factors; Indonesian; physics achievement; TIMSS 2011

INTRODUCTION ternational comparative study includes vario-
us factors such as: schools resources, family

High achievements in the fields of scien- characteristics, and students’ attitudes, all of

ce and mathematics are important for students
preparing for college, adjusting in the workpla-
ce, or in daily life (Mullis et al., 2012). A trend
in International Mathematics and Science Stu-
dy (TIMSS) produces contextual information
of each country with regard to student achie-
vement analysis and its comparations with
the achievements of other countries. This in-
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which can affect students’ achievement. Sur-
veys conducted through TIMSS in the field of
science include 8 aspects, namely: (1) Inter-
national Student Achievement in Science (7
variables); (2) Performance at the TIMSS 2011
International Benchmarks (17 variables); (3) In-
ternational Student Achievement in the TIMSS
Science Content and Cognitive Domains (6
variables); (4) Home Environment Support for
Science Achievement (4 variables); (5) School
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Resources for Teaching Science (8 variables);
(6) School Climate (6 variables); (7) Teacher
Preparation (8 variables); and (8) Classroom
Instruction (18 variables). Classroom Instruc-
tion is subdivided into 4 sub-variables; they
are (1) Students’ Attitudes toward Science;
(2) Instructional Time; (3) Students Ready to
Learn; (4) Classroom Resources and Activi-
ties for Teaching Science. Students’ Attitudes
toward Science consists of 3 variables, namely
(1) Students Interest in Learning Science; (2)
Students Value Science; (3) Students Confi-
dence in Science (Martin, et al., 2012).

Indonesia has been involved four times
in the TIMSS research for 8th grade in 1999,
2003, 2007, and 2011. In 2015 Indonesia only
participated in the survey for grade 4. Based
on data from four times following the TIMSS
research, the average score of Indonesian stu-
dents for the science category was 405 and in
the category of Low Performance Country. This
score is far below the average score of 500.
The average score of Indonesian students for
Science in the 2011 TIMSS survey was 406 or
at rank of 40 of 42 countries. Specifically for
physics test, the Indonesian students get score
of 397 or at rank 40 of 42 countries. The first
rank was achieved by Singaporean students
with score of 602 and Malaysian students at
the 32nd place with a score of 435 (Martin,
et al., 2012). Based on these data, the sco-
re of physics material of Indonesian students
was lower than the science score in general.
There is interesting information related to the
TIMMS Physics test of Indonesian students
when they are given problems related to the
ability to know what happens when molecules
are cooled, only 35% of students can answer
correctly. Similarly, when Indonesian students
were given problems related to the influence of
gravity on someone who did parachuting, none
of Indonesian students managed to answer
(Martin et al., 2012). This is a concern and re-
quires serious efforts to fix those problems and
improve its quality. Overall, the achievement of
the Indonesian students’ scores of sciences in
Low-Interest (54%), Intermediate International
Benchmarking (19%), High International Ben-
chmarking (3%), and in the Advanced Interna-
tional Benchmarking category of 0% (Martin, et
al., 2012).

There are a number of aspects survey-
ed in TIMSS. This fact provides an opportunity
for further research relating to factors that sig-
nificantly influence student achievement in a
country, so that appropriate policy can be taken

to improve the quality of education. Potential
factors affect student achievement in some
countries so that it can be mapped determina-
tion of variation between countries on student
achievement. Similarly, on the achievement of
Physics in Indonesian students, based on the
acquisition of TIMSS it is necessary to find
the root cause of the low achievement of In-
donesian students. There needs to be a more
comprehensive study related to the factors that
are very dominant influence student’s physics
achievement, especially in Indonesia. This is
homework for stakeholders in formulating poli-
cies for improvement in all aspects of learning.
Therefore, the first step that can be done is to
develop a model of physics achievement of In-
donesian students based on the variables in-
volved and measured in TIMSS.

Physics learning achievement is the
main variable that often become the focus and
the main indicator of teacher and student suc-
cess in Physics learning. There are several
studies involving many psychological variables
that can be used as predictors of physics lear-
ning achievement. Ariyo and Ibeagha (2008)
conducted research on physics learning in se-
nior high school involving 22 schools, 22 prin-
cipals, 22 physics teachers and 330 students
with path analysis techniques. The research
results show that there are 8 variables that sig-
nificantly influence student’s physics achieve-
ment in Nigeria: (1) physics general aptitude,
(2) students ‘gender, (3) students’ attitude, (4)
school type, (5) physics practical skills, (6) phy-
sics teacher qualification, (7) problem solving
skills and (8) principal’s area of specialization.
Vahedi and Yari (2014) studied the influence
of cognitive and emotional factors on physics
learning achievement in high school students
in Tabriz city, Turkey with linear regression and
correlation analysis techniques. The results
showed that: (1) there was a significant and
positive relationship between epistemological
belief, attitude toward science, prior knowled-
ge of chemistry and mathematics with physics
achievement, (2) there was a significant and
negative relationship between physics anxiety
and physics achievement.

A comprehensive study was conducted
by Mujtaba and Reiss (2014) involving 5034
10th grade students (15 ages) from 137
schools in the UK in the 2008/2009 academic
year related to Physics learning. This study
uses factor analysis techniques and involves
several variables including: motivation, intrinsic
value of physic, home support for achievement
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in physics, emotional response to physics lear-
ning, perceptions of physics learning, physics
self -concept and adivice-pressure to study
physics. The results of the study found that: (1)
extrinsic motivation is the most important factor
of factors involving students’ involvement, (2)
advice-pressure to study physics and teachers
is a key factor in order for students to learn phy-
sics continuously. Mujtaba and Reiss research
(2014) is in line with previous research by Pe-
rez, Costa & Corbi (2012) which explains that
the two main variables affecting learning achie-
vement in general are Aptitude (general intelli-
gence) and self concept (motivation) in addition
to goal and effort orientation Self-involvement).
The study involved 341 students and 7 variab-
les using structural equation modeling (SEM)
analysis techniques. The results of the rese-
arch show: (1) General intelligence is a very
dominant factor affecting learning achieve-
ment, (2) Student’s goal orientation and acade-
mic self-concept very strong influence to effort
(effort) or self-involvement in learning, (3) Stu-
dent motivation and effort Students influence
the selection of appropriate learning strategies.

Walberg (2004) developed the theo-
ry based on more than 100 research results
about factors that affect the achievement of
learning. The theory explains that factors in-
fluencing learning achievement are divided
into three parts: (1) Variabell Student aptitude
which includes previous ability or achievement,
motivation or self-concept and mental develop-
ment based on age, (2) instructional variables
that include time And quality of learning and (3)
environmental variables that include involving
home, classroom peer and exposure to mass
media. The first variable deals with the perso-
nal and background characteristics, the second
variable relates to the learning aspect and the
third variable relates to the social psychology
of the home, class and peer atmosphere. With
respect to Student aptitude variables, initial
abilities were measured by standardized tests,
motivation using survey and age-based men-
tal development level (Paik, 2004; Reynolds &
Walberg, 1992)

Suter (2000), in a study comparing mat-
hematics and science achievement of stu-
dents at international level using TIMSS data
concluded that the differences in learning
achievement among countries are determin-
ed more by curricular and teaching variables.
Further, Suter (2000) cites the results of James
Colamen’s (1960) study which concluded that
more achievements are determined by the fa-

mily background than the school background.
Similarly, Suter (2000) cites the conclusions of
Gustafsson & Undheim (1996) that the diffe-
rences in student’s achievement among count-
ries are more due to curricular and teaching
variables than intelligence. Hayneman (1997:
29) found the opposite data that student perso-
nal variables are more determinants of achie-
vement, especially motivation. Wilkins, Zem-
bylas and Travers (2002) conducted a study
with 1995 TIMSS data from 16 countries and
gave results that belief in student self-efficacy
was consistent predictor of mathematics and
science achievement. Shen and Tam (2008)
used TIMSS data (1995, 1999, and 2003) to
examine the relationship between self-concept
and achievement in grade 8 students. The re-
sults show that in all countries there is a posi-
tive and significant relationship between self-
concept and achievement. Fathi, et al. (2013)
conducted a study of TIMSS results in 2007
involving 3981 students with TIMSS data in
2007 and 4 variables of each science achie-
vement, science self concept, father’s educati-
on and attitude to science. The research used
structural equation modeling (SEM) analysis
and found that: (1) science self-concept and at-
titude toward science have positive impact on
achievement; and (2) father’s education has no
significant impact on attitude to science. Topcu,
et al. (2016) conducted a comparative study of
factors affecting science learning achievement
in Turkey and Korea based on TIMSS results in
2011. The study resulted in information that: (1)
aptitude, learning and environmental aspects
influenced the achievement of science; (2) in
both countries, science self-efficacy and paren-
tal education levels have a significant impact
on sians and mathematics achievement; and
(3) School environment variables such as bul-
lying and student sense of belonging at school
have different impacts on both countries.

The Indonesian Education Assessment
Center (2010) conducted a study of the results
of TIMSS for science in 2007 on Indonesian
students. The results of this study conclude as
follows: (1) self-efficacy directly affect the achie-
vement of science except for earth science; (2)
attitudes toward the learning process affect self
efficacy against the same subjects but not all
of them continue to impact the self-efficacy of
science achievement except for earth science;
(3) students’ perceptions of the importance and
absence of science each affect the attitudes
toward the lesson; (4) teaching methods can
influence attitudes even if they occur only in
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Biology and Chemistry (Indonesian Education
Assessment Center, 2010: 32).

From the various studies of TIMSS both
conducted abroad and in Indonesia there are
several variables that consistently become pre-
dictors or consistently affect the achievement
of learning, especially science and mathema-
tics, although not all subjects have the same
pattern. Of the various studies show that the
achievements generated by students is not the
result of a factor, but the result of various fac-
tors that are related to each other. Factors that
are considered influential on physics learning
achievement can be distinguished based on
data obtained from the level of students from
student questionnaires and school level from
teacher and principal’s questionnaire data.

At the internal level of students, there
are several psychological theories that influen-
ce learning achievement. First, the theory was
built by Heider (1958), who used the approach
of attribution theory with a mathematical formu-
la approach that connects performance factor
(P), motivation (M) and ability (A) as in the fol-
lowing equation.

P = MXA (Indonesian Education Assessment
Center, 2010).

As seen in the formula that the achieve-
ment of learning or performance is the result of
interaction between motivation and ability. Thus
students who have high motivation but have
low ability will result in low performance, as
well as those that occur in students who have
high ability but have low motivation. Porter and
Lawler (1968) developed different performance
theories. The idea can be seen in Figure 1.

fotivation Effort Ferformance Out -Comes

Figure 1. The relationship between motiva-
tion and learning outcomes by Porter & Lawler
(Taylor, 2007).

Porter & Lawler’s theory (Taylor, 2007)
as described in Figure 1 shows that motivation
gives influence to the effort to be performed.
Conversely, efforts affect the performance, and
ultimately the performance impact on learning
outcome. Ability becomes a moderator of effort
and performance relationships. A student may
have high motivation and effort but with low
ability leads to poor performance. Conversely

some students have less effort but have a good
enough performance because it has high abi-
lity.

This research is a preliminary study re-
lated to student physics achievement model of
Indonesian students based on TIMSS data. In
this regard, it is necessary to limit the variab-
les involved so that the theoretical model can
get support from the existing data. This study
is limited to five variables that are at student le-
vel and related to physics learning are: (1) stu-
dents’ Interest in and liking of learning physics;
(2) students’ attitudes about the importance of
the physics); (3) students’ self confidence in
their ability to learn physics; (4) students’ en-
gaged in physics lesson; and (5) achievement
in physics.

Therefore, this study aims (1) to find the-
oretical model structure that can illustrate the
achievements of Indonesian students in the
field of physics; (2) to find the variables that
directly or indirectly affect the Indonesian stu-
dent achievement in physics; and (3) to find the
dominant variable influencing the Indonesian
student achievement in physics.

METHOD

Data analyzed in this study is data from
TIMSS 2011. The population is the students in
grade 8 of each participating countries. Since
following TIMMS’s first research up to 2011, In-
donesia has included for 8th graders. But by
2015, Indonesia is only included for grade 4.
The sampling procedure for TIMSS 2011 has
been determined by TIMSS & PIRLS Inter-
national Study Center in cooperation with the
Statistics Canada and the IEA Data Processing
and Research Center. The research coordina-
tor of each participating country along with the
sampling expert from TIMSS selects the samp-
le using the planned procedure. The sampling
procedure used is a two-stage cluster design.
On the first stage, the school sample was cho-
sen proportionally to the size of the region
whereas on the second stage, the class chose
randomly from the designated school. All tests
and questionnaires were given to all students
in each class. This procedure is used to deri-
ve class-based conclusions as well as curricu-
lum and learning experiences (Joncas & Foy,
2012). The 8th grade Indonesian students who
were involved in the 2011 TIMSS study were
5795 from 153 state and madrasah schools
(Joncas, 2011). There were 1223 students who
were incomplete in responding to all the test
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items or questionnaires so that they could not
be used as sample members in the study, so
that this study uses only 4572 sample sizes.
Student response data is accessed by resear-
chers from the Center for Educational Assess-
ment, Research and Development Agency, Mi-
nistry of Education and Culture of the Republic
of Indonesia.

Aspects of students interest were me-
asured using Student Like Learning Scale
(BSBGSLP); Attitudes toward the importance
of physics were measured using the Student
Value Science Scale (BSBGSVP); Students’
self-confidence were measured using Student
Confidence in Physics Scale (BSBGSCP); Stu-
dents involvement in physics learning were me-
asured using Student Engaged in Physics les-
son Scale (BSBGEPL); and students physics
achievement were measured using the ave-
rage of 5 plausible physics scores (BSSPHY).
Students Like Learning Scale consists of 5
items, Student Value Science Scale consists of
6 items, Student Confidence in Physics Scale
consists of 6 items, and Student Engaged in
Physics comprises of 5 items. All item compo-
sing questionnaires or tests have been tested
and validated using Item Response Theory.

This study uses path analysis and follo-
wed by structural equation modeling (SEM) ai-
ded by software of LISREL 8.30. Path analysis
is used to find the influence of the variables that
directly or indirectly affect the physics achieve-
ment while SEM is used for confirmation of the
hypothetical theoretical model. Path analysis
uses to analyze the relationship between comp-
lex variables that can not be done with multiple
regressions. In a complex relationship, there is
more than one dependent variable so it takes a
series of regression equations (Gudono, 2011:
218). In the model proposed in this study did
not test the validity of items of each variable
with factor analysis since all items used in the
TIMSS study were validated previously using
Iltem Response Theory

RESULTS AND DISCUSSION

Based on a number of 42 participating
countries TIMSS 2011 for grade 8, there are
16 countries that presents physics, chemistry,
and biology as separate subjects and there
are 26 countries that serve it as an integrated
science. Indonesia is one of the countries that
presents physics as a separate subject (prior
to the enactment of the 2013 curriculum). The
ranking of aspects of Indonesian self-interest,

self-confidence and self-involvement in physics
learning based on the 2011 TIMSS study from
16 countries can be seen in Table 1.

Table 1. interest, confidence and self-involve-
ment in Indonesian student physics leaning in
the 2011 TIMSS study.

Variables Ranks
Student Learning Physics 14
Students’ attitudgs toward the im- 1
portance of physics

Confident students in learning 16

physics

To facilitate analysis in SEM, physics
learning interest variable abbreviated as Like,
student attitudes toward the importance of
physics with Value, confident in studying phys-
ics with Confident, and for student involvement
in physics lesson with Engaged. The result of
SEM analysis with LISREL 8.30 software can
be seen in Figure 2. Criteria for goodness of fit
test (GFT) of the model can be seen in Table 2.

Engaged

Confiden

Value

D

Figure 2. The Theoretical Model of Physics
Achievement of Indonesian Students Grade 8
(Standardized, n = 4572)

Figure 2 illustrates the theoretical model
of physics achievement of 8th grade Indonesian
students in TIMSS 2011 study. Physics achie-
vement model of Indonesian students based
on TIMSS 2011 results in Figure 2 can be exp-
lained as follows: (1) students’ attitudes toward
the importance of physics and student involve-
ment have a direct positive impact on interest
Students; (2) student involvement has a direct
positive impact on confidence; (3) student inte-
rest has a direct positive impact on confidence;
(4) students’ self-confidence and student inter-
est positively affect the physics achievement;
(5) attitudes toward the importance of physics
have a direct negative impact on physics achie-
vement; (6) student involvement and attitudes
toward the importance of physics correlate st-
rongly enough. All relationships between va-
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Table 2. Several Goodness of Fit Test (GFT) measures in SEM

Size of GFT Test Criteria Results Conclusion
P value =>0.05 0.93  model very good fit
A2 /df <2 0.075 model very good fit
Size of GFT Test Criteria Results Conclusion

Root Mean Square Error of Approximation
(RMSEA)

Goodness of fit index (GFI)

Adjusted Goodness of fit index (AGFI)
Comparative fit index (CFI)

Normal fit index (NFI)

Non Normal fit index (NNFI)

<0.08 0.000 model very good fit
20.9 1 model very good fit
=0.9 1 model very good fit
>0.9 1 model very good fit
20.9 1 model very good fit
=0.9 1 model very good fit

( Kusnendi, 2008 ; Ghozali & Fuad, 2005)

riables as shown in Figure 1 are signified at the
95% confidence level as shown by Table 2. The
quantity of direct or indirect impacts between
the variables involved can be seen in Table 3
whereas the correlation between the depen-
dent and independent variables can be seen
in Table 4.

Based on all the parameters as descri-
bed by Table 2 shows that based on the nine
criteria, the results of SEM analysis can be
declared acceptable even to complete. One
character of the Likelihood Ratio Test (A2) is
the higher the value the relatively low P-count
value will be generated, and vice versa. Very
much expected Likelihood Ratio Test as small
so that the value of P becomes large. Other
characteristics of A2 statistics are sensitive to
sample size (Schumaker & Lomax, 1996; Hair,
et al., 1998). The larger the sample size the A2
statistic obtained tends to increase with smal-
ler P-values, so that for large sample sizes the
statistics A2 tend to reject the model (Joreskog
& Sorbom, 1996). But apparently it does not
occur in SEM analysis conducted in this study,
with the sample size of 4572 value A2 is 0 and
the value of P approaches 1 one that is equal
to 0.93. This shows that the model produced
in this research has high absolute fit measu-
re (AFM). AFM informed the model’s ability to
accurately estimate the population covariance
matrix based on the sample covariance mat-
rix. The two most salient measure of absolute
suitability of the LISREL version are Likelihood
Ratio Test (A2) and Root means Square Error
of Approximation (RMSEA) (Joreskog & Sor-
bom, 1996).

The result of SEM analysis according to
Figure 2 shows that: (1) physics achievement

is directly influenced positively by students’
self-confidence and student’s interest to learn
physics respectively equal to 0.25 (6.25%) and
0.08 (0.64%); (2) physics achievement influ-
enced directly by negative attitude of student
toward physics significance equal to -0.05
(0,25%) but indirectly have positive impact
equal to 0.06 (0.36%) through student’s inter-
est to learn physics and students’ confident; (3)
physics achievement influenced indirectly posi-
tively by student interest in physics learning
equal to 0.10 (1%) through student self-con-
fidence; (4) physics achievement is positively
indirectly influenced by 0.10 (0.1%) by students
‘self-involvement in physics learning through
the students’ learning interest in physics and
self-confidence; (5) students’ self-confidence
in physics learning was directly influenced
positively by the interest of physics study and
self-involvement of students in physics learning
respectively 0.42 (17.64%) and 0.09 (0.81%);
(6) students’ interest in physics learning is di-
rectly influenced by students’ self-involvement
in physics learning and students’ attitudes to-
ward the importance of physics respectively
0.42 (17.64%) and 0.33 (10.89%); (7) students
‘self-involvement in physics learning is posi-
tively correlated by 0.58 with students’ attitudes
toward the importance of physics. The correla-
tion of 0.58 between these independent vari-
ables does not interfere with the assumption of
multicollinearity (Kusnendi, 2008).

The results showed that students’ self-
confidence is very dominant influence on phys-
ics learning achievement. This is in line with
most of the results of research as is demon-
strated by Wilkins, et al. (2002), Shen and Tam
(2008), Puspendik (2010), Fathi et al., (2013),
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Table 3. Estimation and Testing Parameter Model Achievement of Physics Learning

Model Estimation t ErrorVar R?

Engaged - Like 0.42 30.65 0.01 0.1764
Engaged-> Confident 0.09 5.73 0.02 0.0081
Value >Like 0.33 24.21 0.01 0.1089
Value > Achiev -0.05 -2.93 0.78 0.0025
Like=> Confident 0.42 25.98 0.02 0.1764
Confident =>Achiev 0.25 15.57 0.66 0.0625
Like > Achiev 0.08 4.14 1.00 0.0064

Value of t table of 95% and n>30 is + 2.00

Table 4. Influence of Variable Decomposition of Physics Learning Achievement Model

Influence

Variabel Influence

Directly Indirectly Total
Engaged - Like 0.42 - 0.42
Value > Like 0.33 - 0.33
Like> Confiden 0.42 - 0.42
Engaged-> Confiden 0.09 0.18 0.27
Like >Achiev 0.08 0.10 0.18
Confiden > Achiev 0.25 - 0.25
Engaged—> Achiev - 0.10 0.10
Value > Achiev -0.05 0.06 0.01

Table 5. Correlation Matrix of dependent variable and independent variable

Like Confident

Achiev Engaged Value

Like 1

Confident 0.48 1

Achiev 0.17 0.27 1

Engaged 0.61 0.35 0.1 1

Value 0.57 0.30 0.07 0.58 1

Mujtaba & Reiss (2014), as well as Topcu, et
al. (2016) researches. It can also be seen from
the students’ confident correlations in physics
learning with high physics achievements as de-
scribed in Table 5. Confidence is also strongly
influenced by students’ interests and students’
interests strongly influenced by students’ in-
volvement and student attitudes toward the im-
portance of physics.

Student involvement in physics learning
has no direct impact on physics achievement,
but still has an indirect impact of 0.1 through
students’ interest and confidence. This is in ac-
cordance with research Mujtaba & Reiss (2014)
and research results Perez et al, (2012) where
studentinvolvementin learning is one of the fac-
tors that affect learning achievement. Willms'’s

research (2003) on PISA data also proves that
student involvement has a strong correlation to
science literacy. The results of this study also
shows that attitudes toward the importance of
physics have a direct negative impact on the
achievement of walaupaun is very small only
-0.05 while the indirect influence through inter-
est in physics and self-confidence is only 0.01.
The results of this study differ from some pre-
vious studies. Vahedi & Yari (2014) and Fathi
et al. (2013) have reported that students’ attitu-
des toward the importance of physics directly
affect physics achievement. However, the re-
sults of Puspendik (2010) studying the results
of TIMSS 2007 concluded that students’ attitu-
des toward the importance of science influence
attitudes toward science lessons but have no
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direct impact on science learning achievement.
Thus it can be concluded if attitudes toward the
importance of physics have a weak influence
on physics achievement for Indonesian stu-
dents.

Indonesian students’ interest in physics,
according to TIMSS 2011 results, is the latest
ranking of 16 countries that teach physics se-
parately. This is truly a serious problem that
must be addressed immediately because the
results of the study indicated that the interest
in physics study has a strong correlation with
self-confident, involvement in physics learning,
and students’ attitudes toward the importance
of physics (Table 4) which also corresponds to
the research of Akarsa & Kariper (2013). Ac-
cording to the four correlated variables, it can
be concluded that students’ attitudes toward
the importance of physics and student involve-
ment strong enough influence on student inte-
rest and subsequently the student’s interest is
strong enough to confidence and finally self-
confident students influential strong enough to
the achievement of physics. From this relation-
ship, students’ attitudes toward the importance
of physics need to be grown in order to build
a high learning interest in physics learning. To
cultivate a positive attitude toward the subject
of physics, the students’ perception of physics
needs to be encouraged and motivated. Con-
cern of the improvement of students’ interest is
important because in general students percei-
ve physics learning as a complex and difficult
to follow (Cetin, 2016). Santiboon, et al. (2012)
stated that the improvement of physics labo-
ratory facilities can enhance students’ percep-
tions of physics learning. Not only in physics,
improvement of students’ interest in physics
and learning motivation also impactive in imp-
roving science achievement in general (Rana,
et al., 2015).

The facts about the increased invol-
vement of students in physics lessons have
been revealed through the innovation of phy-
sics-based learning model of students’ activity
which has a positive impact on student achie-
vement about physics concept (Hatika, 2016,
Pratiwi & Muslim, 2016; Damawati & Juanda,
2016; Siswanto, Et al., 2016; Ismawati, et al.,
2014; Bautista, 2012). Similarly, the creativity of
media usage and assessment model involving
students in more intensive ways can improve
physics learning achievement (Gunawan, et
al., 2016; Shanti, et al., 2014; Nuryantini, et al.,

2015). The involvement of Indonesian students
in physics learning needs to be improved again
by applying various strategies and learning mo-
dels. This is because in accordance with the
results of TIMSS 2011, the achievement of In-
donesian students is still ranked 15th out of 16
countries that teach physics separately.

Aspects that determine the achievement
of students in learning physics is the students’
self-confident. Therefore, efforts to increase
students’ self-confident are very important to
be the main educators’ concern. The TIMSS
2011 survey results show that Indonesian stu-
dents have the lowest confident level, which is
ranked 16th out of 16 participating countries
that present physics separately. In fact, many
learning models can be applied to improve stu-
dents’ self-confident in physics learning, such
as the use of generative learning models (Yuli-
arti, et al., 2015), problem-based learning (Wi-
ratmaja, et al., 2014), and blended cooperative
learning (Jarnawi & Untara, 2016).

CONCLUSION

Physics achievement model of Indonesi-
an students based on TIMSS 2011 results are
as follows: (1) students' attitudes toward the
importance of physics and student involvement
have a direct positive effect on student interest;
(2) student involvement has a direct positive
effect on confident; (3) student interest has a
direct positive effect on confident; (4) students'
self-confident and student interest positively
affect the physics achievement; (5) attitudes
toward the importance of physics have a direct
but negative effect on physics achievement;
(6) student involvement and attitudes toward
the importance of physics correlate strongly
enough.

Student achievement of physics is in-
fluenced indirectly by the involvement of stu-
dents in physics learning which is indicated
through interest and confident in learning phy-
sics. Attitudes toward the importance of physics
have an indirectly positive effect on physics
learning achievement. Students' self-confident
in physics learning has the strongest direct in-
fluence beyond interest and confident. Dealing
with results as Figure 1 ( Porter & Lawler in
Taylor, 2007) , the relationships between mo-
tivation and learning outcomes can be shown
in Figure 3.
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The results of the study provide recom-
mendations that in the future it can be deve-
loped learning model based on student invol-
vement in learning; cultivate a high interest in
learning physics; as well as fostering a great
student confident in learning physics. Positi-
ve attitudes about the importance of physics
also need to be developed and grown in the
students so as to support the involvement and
interest of students in learning physics.
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ABSTRACT

Students of Physic Education of Universitas Negeri Semarang often find some difficulties to understand
the material. During difficult times, students usually find references on the internet,ask a friend who
already understand, or ask a senior friend. Mostly students have a device that can be used to access
the internet. Online-course via discussion-forum can be used as a discussion facility when they find
difficulties to understand. Online-course via discussion-forum developed with ADDIE development models
that includes the stages of analysis, design, development, implementation, and evaluation. Online-course
discussion forum contains the list of courses that can be accessed by students via internet through the
website discussion.belajarfisika.web.id. Feasibility of online course discussion forum was measured through
assessment sheets of feasibility test from validators and questionnaire responses from students. The results
of the feasibility test from the validator and student responses indicate that criteria are eligible. Results of
the questionnaire about students' perceptions of learning through online course discussion forum show that
Physic Education Students of Universitas Negeri Semarang have good perceptions of learning through
online-course via discussion-forums.

ABSTRAK

Mahasiswa Pendidikan Fisika UNNES sering merasa kesulitan memahami materi perkuliahan. Saat
mengalami kesulitan, mahasiswa biasanya mencari referensi di internet, bertanya pada teman yang sudah
paham, atau bertanya pada kakak angkatan. Mahasiswa memiliki perangkat yang dapat digunakan untuk
mengakses internet. Forum diskusi kuliah online dapat digunakan sebagai fasilitas diskusi mahasiswa
ketika mengalami kesulitan memahami materi. Forum diskusi kuliah online dikembangkan dengan model
pengembangan ADDIE yang meliputi tahap analisis masalah, desain, pengembangan, penerapan, dan
evaluasi. Forum diskusi kuliah online berisi daftar mata kuliah yang dapat diakses oleh mahasiswa dengan
internet melalui laman diskusi.belajarfisika.web.id. Kelayakan forum diskusi kuliah online diukur melalui
lembar penilaian uji kelayakan dari validator dan angket tanggapan dari mahasiswa. Hasil uji kelayakan dari
validator dan tanggapan mahasiswa menunjukkan bahwa forum diskusi kuliah online termasuk dalam kriteria
layak. Hasil angket persepsi mahasiswa tentang belajar melalui forum diskusi kuliah online menunjukkan
bahwa mahasiswa pendidikan fisika UNNES memiliki persepsi yang baik tentang belajar melalui forum
diskusi kuliah online.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: online-discussion; discussion-forum; perception

INTRODUCTION

Interviews with some students indicated
that they felt that the time for face-to-face les-
sons was inadequate for the delivery of course

*Correspondence Address:
D7 Building 2nd Floor Sekaran Gunung Pati Semarang 50229
E-mail: idaa.sudarwati@gmail.com

materials. Students found it difficult to under-
stand the lecture material.

When experiencing difficulties, students
usually look for references from the internet,
ask friends who already understand, or ask se-
nior friends. Therefore, it is necessary to have
a discussion forum that can accommodate the
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questions of students who have difficulties re-
lated to the lecture material that is submitted to
other students so that other students who have
mastered can help provide the settlement.

Constructivism learning theory states
that students should be active in shaping their
knowledge (Baharuddin & Wahyuni, 2008).
Therefore, the learning process is expected to
encourage students to actively construct their
knowledge, not just receiving information. One
of the ways for active knowledge-building can
be done by interacting with other students.

Discussion is one example of the appli-
cation of constructivism learning theory in lear-
ning (Schunk, 2012). According to Hasibuan &
Moedjiono’s theory (2006), the discussion is a
visual process two or more individuals who in-
teract verbally and with each other face to face
about the goals or objectives that have been
specified by way of exchange of information,
maintains opinions, or problem solving. Discus-
sion can encourage interaction between stu-
dents as well as between students and teach-
ers. With this interaction, students will get an
opportunity to express their opinions and hear
the opinions of friends so as to know various
points of view to solve the problem.

The definition of Hasibuan & Moed;i-
ono contains face-to-face phrases so it can
be said to be a traditional discussion or class
discussion. Traditional discussion has several
disadvantages. The problems of the traditio-
nal discussion of which requires participants to
gather in one place and time limited discussi-
on (Meyer, 2003), especially if the discussion
carried out when the lecture. The weakness
of the traditional discussion can be solved by
online-discussion. The advantages of online-
discussion are giving the freedom of time and
place to start or respond to a discussion, giving
time to reflect and think, and discussion can be
archived (Th ompson, 2005 and Meyer, 2003).

The online-course via discussion-forum
accessed via the Internet can facilitate the in-
teraction between students and make students
active in their learning through online-discussi-
on. Online-course via discussion-forum is one
form of the website. Aladwani & Palvia (2001)
stated that the quality of the website includes
technical aspects, content and design. Levine
(2007) provides conditions that can be used as
a guide to keep online discussions can be used
effectively. Ten of these conditions namely: (1)
create an atmosphere that is condusif for lear-
ning, (2) set the rules and provide instruction
on opening, (3) convey meaningfull questions

and issues, (4) focus on three highest levels of
the cognitive domain, (5 ) guide continuity of
discussion, (6) give advocates thinking, (7) ap-
preciate individuality without isulation, (8) being
sensitive to nonparticipants, (9) encourage par-
ticipation, and (10) summarize the main idea.

Interaction facility of online-course dis-
cussion forum allowing students to interact in a
discussion without limitation of time and place
and give it time to think before giving opinion.
The archive facility allows students to review
the content of the discussion. Interaction and
archive facilites contained in a online-course
via discussion-forum can help students in their
learning.

The number of Internet users continues
to increase. Based on the data of Indonesia In-
ternet User Profiles 2014, the number of inter-
net users in Indonesia as much as 88.1 million
people until the end of 2014 from 252.4 million
people of the population. 18% of the total inter-
net users are students. One use of the Internet
is for online forums / online communities 4.3%
(APJIl, 2015).

The results of early research in 45 stu-
dents of Physical Education at UNNES (Uni-
versitas Negeri Semarang) provide information
that they have a device that can be used to ac-
cess the Internet. Currently, Physic Education
students of UNNES utilize social media to sha-
re information about activities or events organi-
zed by student organizations. Not yet available
facilities devoted to the discussion of course
materials for students of Physics Education
of UNNES. Mazzolini’s research (2002) states
that on the use of online discussion-forum on
Astronomy program showed that students feel
comfortable because it can contribute to the
online discussion-forum.

Based on the data above, it is nessesary
to develop an online discussion forum for stu-
dents of Physic Education at UNNES.

This research aims to develop an on-
line-course via discussion-forum, determine
the feasibility of online-course via discussion-
forum, and know the perception of Physic Edu-
cation students about learning through online-
course via discussion-forums.

METHOD

This study was conducted by research
and development. Methods used to produce
a particular product, and test the effectiveness
of the product (Sugiyono, 2013). The product
resulting from this study is a online-course via
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discussion-forum for students of Physic Educa-
tion.

The study was conducted in the Depart-
ment of Physics at UNNES in the semester of
the academic year 2016/2017. The subject of
this study is online-course via discussion-forum
of Physic Education students at UNNES. The
object of the study examined the feasibility
of online-course via discussion-forum of Phy-
sic Education Students at UNNES, students’
responses and students’ perceptions about
learning through online-course via discussion-
forum. The respondents were divided into two
groups, namely the validator group and the
user group. Respondents were selected using
purposive system. Purposive system is a sys-
tem to determine the respondents with certain
consideration (Sugiyono, 2010). In this study
the validator group is lecturer of the Depart-
ment of Physics at UNNES. Validator is chosen
based on scientific background and education
and profession. The selected user group is stu-
dent of Physic Education has taken advantage
of online-course via discussion-forum of the
three forces. The user group is selected only
from UNNES because in this study the user
group will be given a written questionnaires.
Questionnaires given are questionnaires which
contain students’ responses and students’ per-
ceptions about learning through online-course
via discussion-forum. In the students’ percep-
tions questionnaire about learning through
online-course via discussion-forum, there are
aspects to facilitate the study of physics.

The development in this research uses
the modified ADDIE model from Arkin & Ak-
koyunlu (2008). ADDIE includes phase analy-
sis (analysis of the problem), design (design),
development (development), implementation
(implementation), and evaluation (evaluation).

This research uses two methods of data
collection namely assessment sheet and ques-
tionnaire. Assessment sheet is used to assess
the feasibility of an online-course via discus-
sion-forum. The assessment sheet is given to
the validator. The assessment sheet of online-
course via discussion-forum covering technical
aspects, content and design. Election aspects
of the assessment based on the criteria develo-
ped by Aladwani website & Palvia (2001).

Questionnaire is a technique of data col-
lection is done by giving a set of questions or
a written statement to the respondent to be an-
swered (Sugiyono, 2013). Questionnaire in this
research use likert scale 1-5. Questionnaire is
used to determine the response of students

to online-course via discussion-forum and
students’ perceptions about learning through
online-course via discussion-forum. Students’
responses questionnaire covering technical
aspects, content and design of online-course
via discussion-forum. Questionnaire percep-
tion includes aspects of ease of use, level of
interactivity, comfort in physics learning, ease
in physics learning, and advanced use.

Analysis was performed on the data ob-
tained from the assessment of the feasibility
online-course via discussion-forum validator,
the response of students to online-course via
discussion-forum, as well as the perceptions of
students about learning through online-course
via discussion-forum. The level of product
feasibility, students’ responses and students’
perceptions is calculated with percentage. Ac-
cording to Sudijono’s theory (2003), to obtain a
percentage of a value can be calculated using
equation (1).

P =< 100%
¥ (1)
Information:
P : Percentage rate (%)
F : The amount sought score percentage
N : Total score
Results obtained from calculation is converted
into qualitative criteria. Criteria for eligibility
levels and responses online-course via discus-
sion-forum:
84% <value < 100% = Very Eligible
68% <value < 84% = Eligible
52% <value £ 68% = Enough
36% <value < 52% = Less Eligible
20% < value < 36% = Not Eligible
Criteria for students’ perceptions of learning in
online-course via discussion-forum:
84% <value < 100% = Very Good
68% <value < 84% = Good
52% <value < 68% = Good Enough
36% <value < 52% = Less Good
20% < value < 36% = Not Good
(Directorate Technical High School, 2010)

RESULTS AND DISCUSSION

online-course via discussion-forum was
developed by using ADDIE development model
of Arkuin & Akkoyunlu (2008) which is modified.
ADDIE Model includes phase analysis (analy-
sis of the problem), design (design), develop-
ment (development), implementation (imple-
mentation), and evaluation (evaluation).
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Problem analysis

Analysis in this research is done to know
the problem and potency. Therefore, it is con-
ducted interviews and questionnaires to stu-
dents of Physics Education. Interviews showed
the problems experienced by students of Phy-
sical Education that is difficult to understand
the lecture material. The results of the questi-
onnaire administration demonstrate the poten-
tial that is possible to access the facility via the
Internet. From problems and potential points,
the researchers developed the online-course
via discussion-forum. online-course via discus-
sion-forum is expected to be used by students
of Physic Education at UNNES (Semarang
State University) for discussions related to the
lecture material so that it can overcome the dif-
ficulties in understanding the lecture material.
online-course via discussion-forum developed
can be accessed through a web browser with a
specific domain address. This forum contains a
list of courses that can be used for discussion
in the appropriate courses.

The development of online-course via
discussion-forum using the CMS forum phpBB.
PhpBB modified to be suitable for use as a on-
line course discussion forum. For this develop-
ment, the software used is

P

Q.h..‘.)...B,.B' yourdomain.com

Figure 1. Results of phpBB installation.

* PhpBB 3.1.8 Ascraeus,

* Notepad ++,

«  XAMPP,

* web browsers,

* Domain, and

*  web hosting.

+ PhpBB 3.1.8 can be downloaded in the
yard https: //www.phpbb.com/downloads/.

* The system needed to use phpBB 3.1.8 is
as follows.

»  Web server that supports PHP.

* PHP version 5.3.3 or above.

The SQL database system, for MySQL version

3.23 or above.

Designing

After the problem analysis is comple-
te, the product design begins. Product design
starts with phpBB installation. The initial instal-
lation results in Indonesian are shown in Figure
1.

Counters Number User Login

It is important for a system to document
the activities that the user of the system per-
forms. One of them is to find out how often the
user is logged into the system. The counter
number of user login is placed on the file fun-
ction.php file includes folder and inserted into
the function login_box in logic of login_suc-
cess. Earlier, also added a column in the table
user_login_count users. Flowchart user login
number counter is shown in Figure 2.

< Login suaccessfull >

A column of
user login cowumtc
in user’ s table

Tpdate
user login coumt =
user login coumt+l

WYY

"

Figure 2. Flowchart user login number counter.

User Registrant Viewing Submitter

Levine (2007) revealed that there are
participants who are not overactive deliver the
submissions but always follow the discussion
or just reading posts from friends. This state-
ment is also supported by research conducted
by Cheng, Collimore, & Joordens (2011) sho-
wed that participation in online-course via dis-
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cussion-forum mostly only see posts without
express opinion. Therefore, it is necessary to
create a recorder of the participants who see
the submissions. In the installation results, the
new phpBB provides a function that calculates
the frequency of topics seen by the user. There
is no list of usernames that see the topic yet.
The function to record users viewing a topic
is placed in the viewtopic.php file. Previously,
also added table topic_user_views. Flowchart
of the function is shown in Figure 3.

A table of
topic_user wviews

A line of user id
and topic id
which is suitable

r
Update
user_id = user id
forum id = form id
topic_id = topic_id
wiew oot = 1

Tpdate
view count =
view cournt +1
on a user_id and the
same topic id

hd

Figure 3. Flowchart of user registrant viewing
submitter.

Development
Development stage is done by following
steps.

Product Making

Product design results serve as a refe-
rence for product creation. Here is a descripti-
on of the product manufacturing process.

Theme Replacement

From the various themes available in
the community of phpBB developers, rese-
archers use a universal theme as a substitu-
te for the prosilver theme. This theme was
developed by Inventea. The universal theme
code package we can download from https://
www.phpbb.com/customise/db/style/we_uni-
versal/. Section headers are adjusted to bet-
ter show the identity of physics. The result of
the theme adjustment is shown in Figure 4.

Figure 4. Display of online discussion forum.

Adjustments Language

The phpBB developer community has
translated the language from the installation
to various languages. From the data of the
community, the results obtained https://www.
phpbb.com/customise/db/translation/indonesi-
an/ page translation into Indonesian by Sastra
Manurung. However, this translation was last
updated in 2011 so that there are parts that
are less appropriate or not yet available for
phpBB version 3.1.8. The researcher corrects
and adds translations so that the entire phpBB
display appears in Indonesian.

BBcode for Mathematical Equations

The phpBB extension developer Marco
van Oort and sergio91pt have created an ex-
tension that can connect MathJax with phpBB.
This extension code is downloaded from https://
github.com/marcovo/phpbb_mathjax. MathJax
is a JavaScript program for displaying mathe-
matical equations on the website. With Math-
Jax integration with phpBB, a user can write
the equation in the form of latex. Once sent, the
latex code would appear to be a mathematical
equation. The result of the addition of the latex
BBcode and the example of its use is shown in
Figure 5 in the red circled plane.

To provide instructions for writing formu-
las on submissions, a guide to writing formulas
in the FAQ is prepared. To be less meet the
FAQ section, complete instructions write a for-
mula created in the form of links connected
with the files on google drive.

BBCode to Embed Video

The result of adding BBCode embed vi-
deo and examples of its use is shown in Figure
6.

Counter of User Login Count

Counters log the number of users crea-
ted by the flowchart in Figure 2. This function
will record each time a user successfully logs in
to the online-course via discussion-forum.

Yes
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User Registrant Viewing Submitter

Registrars users who viewed submis-
sions made by the flowchart in Figure 3. The
Registrar of users who viewed submissions will
record each user who viewed a topic that has
been sent.

Preview:

_dw
(]—d:

Postkan topik baru
Subjek:

B / u Quote Code Lst Lst= [*] Img URL Flash  Normal j Wama huruf  latex  youtube

[latex]\alpha = \frac{d\omega}{dt}[/latex]

Simpan Neskah  Preview  Ajukan

Figure 5. BBCode latex to write the mathemati-
cal equation.

®
0000008 ®

Figure 6. BBCode embed video youtube.

Figure 7. Instruments of user activity.

User Activity Instruments, Forum Activities, and
Activities on Topics
The user activity tools, activity on the fo-
rum, and activity on the topics that have been
created are shown in Figure 7. This view can
only be accessed by the administrator.
Instrument user activity displays a list of

user names, NIM, total posts, total logins, and
an active forum. Active forums show the num-
ber of forums that users have used to submit
posts. The number of active forums in the form
of link that if clicked will display a list of names
forum where users submit posts and the num-
ber of submissions by each user on the forum.

Instrument user activity on the forum be-
gins by displaying a selection list of available
forums and browse buttons. If the user has se-
lected the forum and pressed the view button,
it will show a list containing the users who have
submitted the submissions and the number of
submissions from each user.

Instrument user activity on the topic be-
gins by displaying a selection list of available
forums and browse buttons. If the user has se-
lected the forum and pressed the view button,
it will show a list of topic options that have been
created on the forum and the view button. If the
user has selected the topic and pressed the
view button, then the active user will appear on
the topic either just view the topic or send the
post.

The product that has been generated
ensures that all parts work. The products were
then uploaded to the web hosting. Online cour-
se discussion forum that has been developed
can be accessed through diskusi.belajarfisika.
web.id page or through a google search by
keyword online-course via discussion-forum.
Web servers are used using PHP version 5.4
and MySQL version 5.6.34. The product data-
base that has been developed has 68 tables
because it has been added one table.

Instrument Making

The instrument was made in this study is
the assessment form, questionnaire responses
of students, and student perceptions question-
naire about learning through online-course via
discussion-forum. The assessment sheets and
students’ responses questionnaire were based
on criteria from Aladwani & Palvia (2001).
The instrument used fulfills the validity of the
construct.

The assessment sheet has 22 indicators
divided into 3 aspects namely technical, con-
tent, and design respectively with the number
of 8, 6, and 8 indicators. The assessment sheet
is attached at Appendix 5. The students’ res-
ponses questionnaire has 19 indicators which
are also divided into 3 aspects namely techni-
cal, content and design respectively with 7, 5,
and 7 indicators. Students’ responses questi-
onnaire attached in Appendix 11. Question-
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naire about students’ perceptions of learning
through online course discussion forum has
11 statements divided into five aspects namely
ease of use, level of interactivity, convenience
in studying physics, ease in learning physics,
and continued use.

Product Validation

The results of the product validation con-
ducted by validator states that online-course
via discussion-forum included in the criteria
developed very decent with a percentage of
84.24%. These results indicate that the online-
course via discussion-forum has been develo-
ped ready for use.

Implementation

Online-course via discussion-forum
that has been developed is used by students
to discuss at the beginning of odd semester
2016/2017. Users who signed up for the re-
search process and approved as many as
136 users. The courses included in the online-
course via discussion-forum are the courses
of Physics Education Study Program available
in odd semester of 2016/2017 academic year
the number of 32 subjects. The entire course
is included in the online-course via discussion-
forum, not mostly subjects only, in order to fa-
cilitate discussions that may occur on all these
subjects.

During the study, discussions took place
in several subjects, they are Basic Physics 1,
Computational Physics, Mathematical Physics
2, and Mechanics 1. The number of topics and
submissions in each course and the number of
users are shown in Table 1. Examples of dis-
cussions that occur as in Figure 8.

Students who have been using online-
course via discussion-forum were given a
questionnaire about students’ responses and
students’ perceptions of learning through onli-
ne-course via discussion-forum.

Evaluation

At this stage, the analysis of data ob-

Table 1. Data online discussions.

tained in the preceding stage is related to the
feasibility study online-course via discussion-
forum and students’ perceptions about learning
through online-course via discussion-forum.

Fungsi gamma

Balas Poste || %

)...321. Ha tersebut chup
St baer

ke idepat 5ot detuk Urgs bentuk umumyg dkenalsbg ngs

ngs fakt Terdapatnal yang
n

fakor
fkoril, dobe faktorial

it dolem bentuk ungs foktorial

) dala notesi aktoral

Figure 8. The Example of discussion.

The results of the data analysis of the
feasibility of online-course via discussion-fo-
rum are presented in Table 2.

The technical aspects include user data
security, ease of operation, availability, functio-
nality link, the browser customization, loading
speed, ease of access, and search functions.
The results of due diligence on the technical as-
pects of online course discussion forum valida-
tor obtain the percentage of 84.17% with a very
decent criteria and feedback of students earn a
percentage 77.14% with a decent criteria as in
Table 4.2. Online-course via discussion-forum
is considered very worthy of study because it
is easy to operate, always accessible, all the
links work properly, it can be opened in any
browser, as well as easy to access. Zhang &
Dran (2001) states that the ease of operation
and the search function is an important feature
of educational websites.

Aspect contents include possible use,
usage instructions, developer identity, contact
information, FAQs, and registration forms. As-

_ Number of _Us- Number Number of Frequency
Courses Topic  ers Delivering of Sub- Users View- T
Submissions missions ing Topics Topic Views
Basic Physics 1 3 4 9 11 41
Computational Physics 1 2 2 6 14
Mathematical Physics 2 3 4 6 5 27
Mechanics 1 1 2 2 4 7
Total 8 12 19 26 89
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pects of the contents from online course dis-
cussion forum earn a percentage 85.56% with
a very decent criteria of due diligence validator
and the percentage of 79.03% with a decent
criteria of students’ responses. This result was
obtained because the features in the online-
course via discussion-forum supports for the
online-discussion. Completeness of a website
already exist on online-course via discussion-
forum, such as FAQs, application forms, and
instructions for use.

Aspects of the design include appearan-
ce, organization, clarity of text, blend colors,
language, layout, responsive, and accuracy.
The feasibility test result on the design aspect
obtained the percentage of 83.33% with the eli-
gible criteria of the validity test and the percen-
tage of 77.92% with the eligible criteria of the
students’ response. College online discussion
forum developed to perform well on a variety of
devices used for phpBB has advantages res-
ponsive display. In addition, online-course via
discussion-forum is well organized so that each
topic delivered already at the appropriate cour-
ses. This agrees with the results of Wijayati’s
(2013) study that discussion forums should
be well organized through categories that can
be selected to suit the topics being discussed.
Therefore, a website developed be appropriate-
ly used for online-course via discussion-forum.

The advice given by the validator on the
products developed, namely that online-course
via discussion-forum connected by means
other notices that more frequently accessed by
student. This suggestion is used as reference
product revision so that notifications in online-

Table 2. The test results.
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course via discussion-forum are also delivered
via email users. The revised to make users
aware of the new message notification via e-
mail without having to open an online-course
via discussion-forum page first.

Overall of the technical aspects, content,
and design, online-course via discussion-forum
developed included in the criteria are eligible
with the percentage of 81.08%. These results
indicate that the online-course via discussion-
forum that has been developed ready for use.

The results of the data analysis physics
education students’ perception about learning
through online-course via discussion-forum are
presented in Table 3.

Table 3 shows that ease of use gets the
highest percentage of 74.55% with good cat-
egory obtained from the statement of effective-
ness as supporting media lectures and ease
of use. These results indicate that the online-
course via discussion-forum is easy to use and
effective as supporting media lectures. Ease
of use got a good category for the display of
online-course via discussion-forum is easy to
be operated by the user. Research Cheng et
al. (2011) showed the same results that the
online-course via discussion-forum with phpBB
is easy to use and effective for lectures.

Aspects of interactivity level get percent-
age 68,89% with good category. Aspects of
interactivity levels include participation desire,
communication skills development, and in-
creased willingness to share lecture materials.
Online-course via discussion-forum become a
medium for exchanging information. Students
who already understand the material or can do

Validator

Students’ Responses

Aspect of Assessment

Percentage (%) Criteria Percentage (%) Criteria

Technical 84.17 Very Feasible 77.14 Feasible
Content 85.56 Very Feasible 79.03 Feasible
Design 83.33 Feasible 77.92 Feasible
Average 84.24 Very Feasible 77.93 Feasible
Overall Percentage 81.08 Criteria Feasible

Table 3. Perception of students on learning through online course discussion forum.

Aspect of Assessment Percentage (%) Criteria
Easy to use 74.55 Good
Interactivity level 68.89 Good
Comfort in learning physics 64.24 Good Enough
Make it easy to learn physics 7212 Good
Advanced Use 73.64 Good
Overall 70.52 Good
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the questions can participate by sharing their
understanding. This activity has an impact on
students’ communication skills. These results
conformed with Shana’s research (2009) which
states that one of the activities that benefit from
the online discussion is to interact and share
ideas and lecture material.

Comfort in learning physics aspects of
obtaining the percentage of 64,24% with good
enough category derived from statements of
learning more fun and be more likely to learn.
This result was obtained because the student
participation rate is still low as in Table 1 so that
the user can not adjust to the use of online-
course via discussion-forum. This is a limitation
of research, only a few students participate in
the discussion. Student participation in online-
course via discussion-forum needs to be a
concern, based on Levine’s statement (2007)
that encourages participants to actively partici-
pate in online discussion can be a major chal-
lenge. Cheng et al. (2011) in his research that
uses an online-discussion forum on the course
with voluntary participation, which do not in-
clude participation in an online discussion on
the assessment format, shows that the number
of students that at least convey the items con-
tained only about 11%. Conversely, research
Seethamraju (2014), which includes participa-
tion in online discussion on the assessment
of obtaining high levels of participation that all
students participate in the discussion. From the
statement above, if you want to obtain a high
level of participation, it is recommended that
teachers include participation in online discus-
sion to be part of the assessment.

Aspects ease in learning physics earn
a percentage 72.12% with both categories.
These aspects include an increase in the un-
derstanding of the material and do the ques-
tions of physics. From some of the discussions
that took place, students discussed the prob-
lems or tasks that are difficult to work indepen-
dently. The discussion assist students in under-
standing the material and do the questions of
physics. It is appropriate with Tarin statement’s
(2005 ) that the benefits of group discussion in-
clude the ability to provide more resources for
solving many problems.

It should also be observed on the as-
pects of the use of advanced also earn a per-
centage is high at 73.64% with both categories
derived from an expression of interest that
most of the course utilizing online-course via
discussion-forum and will participate actively
if the online-course via discussion-forum is

used more for support lectures. This result is
an opportunity for teachers to take advantage
of online-course via discussion-forum. Shana’s
study (2009) showed the same results that the
students would be happy to participate in the
discussion forum based web in the future.

From the aspect of ease of use, the level
of interactivity, convenience in studying phys-
ics, facilitate the study of physics, and the use
of advanced, it is obtained by percentage of
70.52% and are included in both criteria. These
results indicate that the student has a good per-
ception related learning through online-course
via discussion-forum. These results are in line
with Wu & Hiltz researchs’ (2004) stated that
students have a good perception of learning
through online discussion .

CONCLUSION

From this research, it has developed an
online-course via discussion-forum with ADDIE
development model. The development process
includes the stage of problem analysis, design,
development, implementation, and evaluati-
on. The result of this development study is an
online-course via discussion-forum that can be
used by students to discuss physics courses.
Online-course discussion forum that meet the
criteria are eligible to be developed based on
the assessment validator and student feed-
back. Physical education students’ perceptions
of learning through online-course via discussi-
on-forum are included in both criteria.

Advice given to further research that it is
neccessary to socialize on the entire students
of physics education so that the participation
rate is high, the use of online-course via dis-
cussion-forum should involve the lecturer of
the course so that the contents of the discus-
sion can be ascertained the truth, the use of
online course discussion forum for discussion
between students from different universities to
facilitate a wider exchange of ideas, as well as
further research on the use of online-course via
discussion-forum intensely on certain subjects.
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ABSTRACT

The purpose of this study was to test the effectiveness of the implementation of learning device with scientific
approach to improve student life skills. The research uses one group pre test—post test design. Subjects
in this study were students of grade ten (class X). Implementation of learning device supports effectively
in learning activities if the implementation of a lesson plan by teachers, student social skills and student
academic skills at least in a good category. The results showed that the implementation of lesson plan by
teachers to get the average value of 3.38 are in the very good category, gain value of the student social skill
at average value of 3.03 is in the very good category, and gain of student academic skill at average value
of 76 is in the good category. It concludes that the implementation of learning tools with scientific approach
support effectively in learning activities.

ABSTRAK

Tujuan penelitian ini adalah menguji efektivitas implementasi perangkat pembelajaran fisika dengan
pendekatan saintifik untuk meningkatkan kecakapan hidup siswa. Penelitian ini menggunakan one group
pretest-posttest design. Subjek dalam penelitian ini adalah siswa kelas X. Hasil penelitian menunjukkan
bahwa pelaksanaan dari Rencana Pelaksanaan Pembelajaran oleh guru memperoleh nilai rata-rata sebesar
3,38 dan berada pada kategori sangat baik. Kecakapan sosial siswa memperoleh nilai rata-rata sebesar
3,03 dan berada pada kategori sangat baik. Adapun kecakapan akademik siswa memperoleh nilai rata-rata
sebesar 76 yang berada pada kategori baik. Berdasarkan hasil-hasil penelitian tersebut dapat diimpulkan
bahwa implementasi perangkat pembelajaran dengan pendekatan saintifik efektif menunjang kegiatan
pembelajaran fisika dalam meningkatkan kecakapan hidup siswa.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: life skills; scientific approach

INTRODUCTION

Preparation of learning tools is some-
thing that must be done by teachers in plan-
ning learning activities so that the expected
goal can be achieved. According to Ibrahim’s
theory (2003), a component of the learning
device to be prepared by teachers to manage
the classroom well is the syllabus, lesson plan,
student textbook, student worksheet, learning
tools, and final examination. Trianto (2008) and
Tim Pustaka Yustisia (2008), write that the syl-

*Correspondence Address:
JI. 62 Majapahit Mataram, 83125, Nusa Tenggara Barat, Indonesia
E-mail: hikmawati.fisika@yahoo.com

labus is a lesson plan on a particular subject
that includes a standard competence, basic
competence, subject matter or teaching mate-
rials, learning activities, indicators of achieve-
ment of competencies, assessment, allocation
of time and sources of learning. Lesson plan
is a plan for teachers which describes the pro-
cedures and organizing the implementation of
the learning process to achieve a basic com-
petency that has been defined in the standard
content and described in the form of syllabus.
Student textbook is a guidebook for students
in learning activities containing lesson material,
concept-based inquiry activities, experimen-
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tal activities, information, and examples of the
application of concepts in everyday life. Stu-
dent worksheet is a guideline of student work
to facilitate students in the implementation of
learning activities. Learning tools is a mes-
senger from several sources to the recipient of
the message. Final examination is a test item
used to determine the student learning out-
comes after following the learning activities. In
this research, the learning device with scientific
approach consisting of syllabus, lesson plans,
Student textbook, student worksheet, learning
tools and final examination developed with at-
tention to student learning experience that will
be gained through the learning process to ob-
serve, ask, gather information, associates, and
communicate.

The syllabus and lesson plan developed
in this study use the 5E learning cycle model
(Engage, Explore, Explain, Elaborate, and
Evaluate). Scientifically-based student work-
sheet have components such as experimental
titles, purpose of the study, tools and materials,
problem formulation, hypotheses, variables,
operational definitions of variables, experimen-
tal steps, observation data, data analysis, and
conclusions. The medium used is a three-di-
mensional media to assist students in complet-
ing the tasks contained in the worksheet. Dur-
ing the learning process with the 5E learning
cycle model, teacher makes assessment using
observation sheet to the observation skills of
the social attitudes of students (social skills).
Final examination in the cognitive domain (aca-
demic skills) is done after the learning process
is complete.

In making learning activities, teachers
will define models, approaches, strategies,
methods, and techniques of learning what will
be used in the implementation of learning. Ac-
cording to Suprihatiningrum’s theory (2013),
learning model is a design which illustrates a
learning process that can be done by teachers
in transferring knowledge and values to stu-
dents. Approach is a common way of looking at
the problem or object of study, such as learn-
ing. The term learning strategies are used to
indicate the overall strategy or activities done
by teachers to create learning atmosphere is
very conducive to the achievement of educa-
tional goals. Learning strategy can be said to
be implementation of the learning model. Meth-
ods are the ways teachers use to teach stu-
dents. If a strategy refers to a plan for achiev-
ing something, then the method refers to a way
that can be used to execute the strategy. The

instructional technique refers to the distinctive
variety of the application of a method accord-
ing to the specific implementation background,
such as the teacher’s ability and habits, the
availability of equipment, the readiness of the
students, and so on.

Jufri (2010) states that there are some
things that must be considered by teachers
in choosing or determining the models, ap-
proaches, strategies, methods, and learning
techniques to be applied. Things to consider
are the learning objectives, activities and initial
knowledge of the students, the nature of the
learning materials, the allocation of time, the
supporting facilities, the number of students,
the experience and the authority of the teacher.

In developing learning tools, teachers
can use a scientific approach that is expected
to provide a learning experience for students
so that students’ life skills increase. Sani (2014)
argues that the scientific approach is closely
related to the scientific method. Scientific (sci-
entific) methods generally involve observation
or observation activities required for the for-
mulation of hypotheses or collecting data. The
scientific method is generally based on the ex-
posure data obtained through research or ex-
periments.

Indonesian Ministry of Education And
Culture (2013) mentions that, the scientific ap-
proach in learning includes: observing, asking,
reasoning, trying, forming networks for all sub-
jects. Learning process with scientific approach
touching three domains, namely: attitude,
knowledge, and skills, so that the learning out-
comes produce students who are productive,
creative, innovative, and affective. In other
words, the application of scientific approaches
to learning, including learning of physics, can
improve students’ life skills. Machin’s research
(2014) concludes that the scientific approach
brings positive effect on the cognitive learning,
affective and psychomotor and have reached
the classical completeness set.

Mugambi & Muthui (2013) argue that
the life skills curriculum plays a major role in
enabling students to use their knowledge, at-
titudes and values into abilities on what to do
and how to do it. This study found several fac-
tors that influence the implementation of Life
Skills curriculum, namely: teaching approach,
lack of life skills conceptualization, limited hu-
man resources, lack of supervision, teacher
preparation is lacking, lack of choice of teaching
and learning strategies, limited use of learning
resources, bad assessment, and the students’
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negative attitudes toward life skills. Mugambi
& Muthui concluded that the implementation of
Life Skills Education depends primarily on the
competence of teachers, on the other hand,
are also influenced by extrinsic factors.

Agustina and Saputra (2012) said that
the implementation of life skills-based learn-
ing can be done by integrating aspects of Life
Skills on subjects in secondary schools, one of
them is physics. The problems that arise in the
implementation of Life Skills based learning are
how to design life skills based learning tools,
how to develop life skills based learning activi-
ties and how to understand the life skills as-
pects in each subject and difficulties in integrat-
ing every aspects of Life Skills in each subject
matter in accordance with the available format.

Life skills-oriented education program
through a broad-based approach, or known as
the Broad Base Education is very possible to
be implemented in every type and level of edu-
cation. In addition to not changing the existing
curriculum system, this program does not add
to the burden of new subjects, but only change
the orientation of the learning program (BBE
Team of Ministry of Education, 2012).

Ibnu (2014) argues that the application of
a scientific approach in the effort to develop the
life skills of students through learning in schools
still faces various obstacles, among others are
the curriculum targets to pursue material ad-
equacy facing examination (national examina-
tion) and policies of educational authorities that
are less precise, and public perceptions about
the success of education has also been wrong.
Parents were more likely to appreciate and be
proud of ourselves if their son honored ranks
in the classroom, school and even its society
rather than to the skills their children to prac-
tice the scientific approach and process skKills.
It educates children if necessary to take short-
cuts to achieve mastery of teaching materials
without good learning process.

Development of Life Skills (life skills), es-
pecially social skills (skill) and academic skill,
in this research is facilitated by the use of stu-
dent worksheet and learning tools in the form
of three dimensional media. Trianto (2008) de-
fines that student worksheet is a student guide
that is used to conduct the investigation and
problem solving. Sukiman (2012) argues that
learning media is anything that can be used to
channel the message from the sender to the re-
cipient so as to stimulate the thoughts, feelings,
concerns, and interests and willingness of stu-
dents in such a way that the learning process

occurs in order to achieve the learning objec-
tives effectively. Sudjana & Rivai (2013) states
that there are four types of learning media,
namely: (1) two-dimensional media or graphic
media is a medium that has a length and width
such as pictures, photographs, graphs, charts
or diagrams, posters, cartoons, comics, and
etc. (2) three-dimensional media that is in the
form of models such as solid model, cross-sec-
tion model, stacking model, work model, mock-
ups, dioramas, and others. (3) projection media
such as slides, film strips, films, use of OHP
and others. (4) the environment.

Three-dimensional media as one type of
learning media can be a model, that is three-
dimensional copy of some real objects that are
too big, too far, too small, too expensive, too
rare, or too complicated to be brought into the
class and studied by students in the form its
original (Sudjana & Rivai, 2013). Sudjana &
Rivai disclose the benefits of three-dimensional
media in the learning process, including phys-
ics learning in secondary schools are: First,
learning will attract more students so it can fos-
ter motivation to learn; Second, teaching mate-
rials will be more clear meaning so that it can
be more easily understood by students and en-
able students to master the learning objectives
better; Third, teaching methods will become
more varied, not merely verbal communication
through the words of the words by the teacher,
so that students are not bored and the teacher
does not run out of energy, especially when the
teacher teaches for every lesson; Fourth, stu-
dents do more learning activities, because not
only listen to the teacher’s description, but also
other activities such as observing, performing,
demonstrating, and others.

Three-dimensional media is a potential
alternative to increases the quality of teaching
physics in high school. A solid model usually
shows the outer surface of the object rather
than the object and often discards the con-
fusing parts of its main ideas of shape, color,
and composition. The cross-sectional model
shows how an object is visible, when its sur-
face is lifted to know its inner arrangement. The
stacking model consists of several parts of a
complete object, or at least an important part
of the object. The work model is an imitation of
an object that shows the outside of the original
object, and has some portion of the real thing.
Mock-ups are a simplification of the underlying
arrangement of a process or a more intricate
system. Diorama is a mini-three-dimensional
landscape aimed at describing the true land-
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scape. Three-dimensional media that has been
developed in this research is three dimensional
media “Dynamic Electricity”.

According to the World Health Organiza-
tion (WHO), Life Skills (life skills) is the ability
for adaptive behavior, and positive that allows
students to deal effectively with the demands
and challenges of everyday life. According to
the United Nations International Children ‘s
Emergency Fund (UNICEF), Life Skills is a
behavioral change or behavioral development
approach designed to address the balance of
three areas of knowledge, attitude and skills. In
other words, life skills are the skills needed to
live successful (Khera and Khosla, 2012).

Anwar (2006) and Susiwi (2007) re-
vealed that life skills consist of general life
skills (General life skills) and life skills that are
specific (Specific life skills). Life skills that are
general in nature consist of personal and social
skills, while life skills that are specific consist
of academic and vocational skills. Personal
skills (personal skills) consisting of: self-knowl-
edge skills (self-awareness skills), and think-
ing skills (thinking skills). Social skills (social
skills) comprising: communication skills, and
ability to cooperate (collaboration skills). Aca-
demic skills are also called intellectual skills
or scientific thinking skills and are the devel-
opment of thinking skills. Academic skills have
already led to academic or scholarly activities.
This skill is important for people who pursue a
job that emphasizes thinking skills. Therefore,
this skill should get emphasis from the begin-
ning of junior high school and especially on the
academic program at the university. Vocational
skills are also called vocational skills, these
skills are associated with certain occupations
in the community. This skill is more suitable for
students who will pursue jobs that rely more on
psychomotor skills. So this skill is more suit-
able for Vocational High School students, skill
courses or diploma programs. This study aims
to test the effectiveness of the implementation
of the learning device physics with a scientific
approach to increase life skills of students in
high school.

METHOD

The type of research is research devel-
opment. The learning device which is devel-
oped consists of Syllabus, Lesson Plans, Sub-
ject Matter Books, Student Worksheet, Three
Dimensional Media, and Learning Result Test
are integrated with life skills. Learning device

development model used is Four D model (De-
fine, Design, Develop, Disseminate). Accord-
ing to Ibrahim (2003) and Trianto (2008), this
model was adapted into model 4 P (Definition,
Design, Development, Deployment).

Define phase aims to establish and
define the requirements needed in learning
based on a needs analysis, analysis of stu-
dent, task analysis, concept analysis, formula-
tion of learning objectives. Design phase aims
to design prototype learning device to do the
preparation of lesson plan, the selection of stu-
dent textbook and student worksheet format,
visual three-dimensional model, and final test.
Develop phase aims to produce learning tools
which have been revised based on feedback
from the validator. Disseminate phase aimed
at implementation of the learning tools in the
classroom. Phase Define, Design, and Devel-
opment conducted in the first year.

Test of the effectiveness of the imple-
mentation of learning tools in the research
(second year) conducted in stages Spread
(Disseminate), with the subjek were students of
grade ten (Class X) 2™ Semester of Academic
Year 2015/2016 in Madrasah Aliyah Dakwah
Islamiyah Puteri Nurul Hakim Kediri, West
Lombok. Research design to test the effective-
ness of learning device implementation using
One Group Pre-Post test design. According to
Arikunto’s theory (2006), this design only uses
one group only without any comparison group.
This design has the disadvantage in terms of
testing the effect of independent variables (sci-
entific approach) on the dependent variable
(life skills), because it does not use a control
group. Therefore, in this study performed a
sensitivity analysis items are obtained by the
students of the initial test and final test. Accord-
ing to Grounlund (1985) in Ibrahim (2005), the
sensitivity index has values from 0 to 1. The
value 0 means insensitive, while 1 is very sen-
sitive.

Based on lbrahim’s theory (2005), the
sensitivity of a test is the test’s ability to mea-
sure the learning effect. Question which has
sensitivity means the matter can provide infor-
mation that the measurement result is a result
of learning.

Implementation of the learning device
with a scientific approach and 5E learning cy-
cle model is said to be effective in this physics
study if the implementation of lesson plans by
teachers, students’ social skills and academic
skills of students at least have the good cat-
egory. Here are the phases of learning with
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5E learning cycle model to provide student
learning experiences appropriate scientific ap-
proaches such as observing, asking, gathering
information, associating, and communicating.

Table 1. Learning Cycle Model 5E.
Phase

Teacher activity

Conditioning the students to be
ready to follow the lessons by
giving demonstrations or ques-
tions to determine the ability of
the beginning

Engage

Presenting indicators

objectives)

(learning

Dividing the students in groups

Guiding students to work on stu-
dent worksheet

Providing an opportunity for group
representatives to present their
work based on student worksheet
Explaining or straighten the con-
cept of learning material based
on data from student experiments
Directing student’'s experiment
results to answer problems in
preliminary activities

Explore

Explain

Encouraging students to inquire
material that remains poorly un-
derstood by asking teachers

Demonstrating application of con-
cept about learning material in
everyday life

Checking students’ understand-
ing of learning materials by ask-
ing them back

Guiding students to make conclu-
sions

Providing follow-up to give the as-
signment or homework

Elabo-
rate

Evalu-
ate

Implementation of learning with scien-
tific approach and 5E cycle learning model for
Dynamic Electrical material conducted during
6 times meeting. The time allocation for each
meeting is 2 hours of lesson.

RESULTS AND DISCUSSION

Some obstacles / problems can occur
in the implementation of learning activities in
the classroom, including in physics learning.
Akinbobola & Afolabi (2010) mention that the
challenge in teaching physics is to create ex-

periences that engage students and how to
facilitate studensts in order to have the skills
like observing, measuring, classifying, commu-
nicating, concluding, using numbers, using the
relationship of space / time, asking questions,
controling and manipulating variables, crea-
ting hypotheses, making the operational de-
finition of variables, model making, designing
experiments, and interpreting data. According
to Oladejo, et.al. (2011), the strategies used
by teachers is one of the factors that influen-
ce academic achievement that is still lacking in
physics lesson.

Implementation of the learning device
physics with a scientific approach conducted in
six sessions, with the stages of each meeting
is to observe, inquire, try (experiment), asso-
ciate (reasoning), communicate. Learning with
a scientific approach is a student-based lear-
ning activity. According Bonwell & Eison (1991)
in Prince (2004), active learning is a teaching
method that engages students in the learning
process. In short, active learning requires stu-
dents to do meaningful learning activities and
think about what they do.

The results of observation on the imple-
mentation of Lesson Plan (RPP) by teacher are
as follows.

Table 2. Implementation of lesson plan by

teacher.

Meeting Score Criteria
1st 3.58 Very good
2nd 3.50 Very good
3rd 3.42  Very good
4th 3.42  Very good
5th 3.17  Very good
6th 3.17  Very good

The mean adherence to the lesson plan
by teacher of 3.38 are in the very good category.
This is because the teacher has implemented
the learning in accordance with the planning
contained in the learning tool with a scientific
approach. Stages of learning using a scientific
approach have provided a learning experience
for students so that students can develop life
skills. This is in accordance with regulation of
the Indonesian ministry of education No.81A In
2013, Appendix IV, that there is a link between
the pace of learning with learning activities and
their meanings, as follows.

Observe
Learning activities undertaken in the
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process of observing are: reading, listening,
listening, seeing (without or with tools). The de-
veloped competencies are: training in sincerity,
thoroughness, seeking information.

Ask

Questioning learning activities are con-
ducted by asking questions about information
that is not understood from what is observed
or questions to get additional information about
what is observed (starting from factual questi-
ons to hypothetical questions). The competen-
cies developed is to develop creativity, curiosi-
ty, the ability to formulate questions to establish
the critical thinking necessary for intelligent life
and lifelong learning.

Gathering information / Experiments
(Trying)

Gathering information / experiments on
learning activities include: conducting experi-
ments, reading sources other than textbooks,
clicking observe objects / events / activities,
and interviews with sources.

Competencies developed in the pro-
cess of gathering information / experiments
are developing a meticulous, honest, courteo-
us attitude, respecting the opinions of others,
communication skills, applying information gat-
hering skills through various ways learned, de-
veloping lifelong learning and learning habits.

Associate / Process information

Learning activities undertaken in the pro-
cess of associating / processing information
are as follows. First, process the information
that has been collected either limited from the
results of collecting activities / experiments as
well as the results of observing activities and
information gathering activities. Second, cre-
ating information collected from nature to add
breadth and depth to the information proces-
sing that are looking for solutions from a variety
of sources that have a different opinion to the
contrary.

Competencies developed in the process
of associating / managing information are De-
veloping honest, meticulous, disciplined, obe-
dient, hard work, ability to apply procedures
and inductive and deductive thinking skills in
concluding.

Communicating

Communicative learning activities are
to deliver results of observations, conclusions
based on the results of analysis orally, writ-

ten, or other media. Competents developed in
communicating stages are developing honest,
meticulous, tolerant, systematic thinking skills,
expressing opinions briefly and clearly, and de-
veloping good and correct language skills.

The observation of students’ social skills
during the learning process with the scientific
approach are as follows.

Table 3. Student social skills.

Meeting  Score
1st 2.35
2nd 2.78
3rd 3.00
4th 3.38
5th 3.22
6th 3.46

Average  3.03

The average of students’ social skill of
3.03 is in very good category. This is because
students are facilitated by the student’s work-
sheet and the media of three-dimensional dy-
namic electricity. Students’ social skills were
observed during the learning with the scienti-
fic approach is the ability to communicate and
cooperative skills. According to the Ministry of
Education’s theory (2002) as cited by Susiwi
(2007), communication means communicate
not just deliver the message, but communica-
tions with empathy. Empathy, understanding
attitudes, and the art of two-way communicati-
on need to be developed in the communication
skills so that the contents of the message up
and accompanied by a good impression that
can foster harmonious relationships. Commu-
nicating can be through oral or written. For oral
communication, the ability to listen and convey
ideas orally should be developed. Communi-
cating oral with empathy means the ability to
choose words and phrases that are easy to un-
derstand by the other person. This skill is very
important and needs to be grown in education.
Communicating through writing is also a very
important thing and has become a necessity
of life. Skill pouring ideas through writing that
is easily understood by others, is one example
of the communication skills of writing. Further,
he said that as social beings, in everyday life
people will always need and cooperate with ot-
her human beings. Cooperative skills are not
just “working together” but cooperation is ac-
companied by mutual understanding, mutual
respect, and mutual help. Susiwi (2007) states
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that cooperative skills can be developed in all
subjects, for example, work on group assign-
ments, field trips, and other forms of activity.

The learning outcomes of the cognitive
domain as an indicator of students’ academic
skills are as follows.

Table 4. Academic student skills.
Student ID Score Completeness

1 92 Complete
72 Complete
3 72 Complete
4 76 Complete
5 64 Incomplete
6 84 Complete
7 92 Complete
8 76 Complete
9 68 Complete
10 88 Complete
11 88 Complete
12 64 Incomplete
13 88 Complete
14 68 Complete
15 88 Complete
16 80 Complete
17 88 Complete
18 64 Incomplete
19 76 Complete
20 64 Incomplete
21 92 Complete
22 68 Complete
23 64 Incomplete
24 72 Complete
25 68 Complete
26 72 Complete
27 68 Complete
Average 76 Complete

The average student’s academic of 76
with classical completeness as much as 81%.
Implementation of the learning device with a
scientific approach to develop a student’s aca-
demic skills include skills: identifying variables,
explaining the relationship variables, formula-
ting hypotheses, designing and conducting ex-
periments.

CONCLUSION

The observation of lesson plan with a
scientific approach by teachers earn an ave-
rage value of 3.38 are in the very good cate-
gory, students’ social skills amounted to 3.03
are in the very good category, students acquire
the academic skills average of 76 are in good
category. Thus, it can be concluded that the
implementation of learning tools with scientific
approach is effective to support the learning
activities in physics.
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ABSTRACT

This research aimed to improve students’s cognition and metacognition through kinematics and dynamics of
particle experiment assissted by video recording and tracker software analysis. The research used problem
solving learning model which developed using R & D method with 4-D steps, they are define, design,
develop, and disseminate. The research involved 86 physics education students academic year 2013/2014
at one of the universities in Medan. The research method is quasi-experimental using randomized control
group pretest-posttest design. The experimental class used problem solving learning model assisted by
video recording and the control class used direct learning model. The cognition data were collected using
multiple-choice test and meta-cognition data were collected using essay test. The students’s cognition and
metacognition improvement characterized by the normalized gain score. The research result show that the
use of video recording and tracker software analysis was improve the students’ cognition and metacognition
in Kinematics and Dynamics topic in moderate category.

ABSTRAK

Penelitian ini bertujuan untuk meningkatkan kognisi dan metakognisi siswa melalui eksperimen kinematika
dan dinamika berbantuan rekaman video dan analisis perangkat lunak pelacak lintasan. Penelitian ini
menggunakan pemecahan masalah model pembelajaran yang dikembangkan dengan menggunakan
metode R & D dengan langkah-langkah 4-D, yaitu mendefinisikan, mendesain, mengembangkan, dan
menyebarluaskan. Penelitian ini melibatkan 86 mahasiswa pendidikan fisika tahun akademik 2013/2014
di salah satu perguruan tinggi di Medan. Metode penelitian ini adalah kuasi-eksperimental menggunakan
kelompok kontrol acak desain pretest-posttest. Kelas eksperimen digunakan model pembelajaran
pemecahan masalah dibantu oleh rekaman video dan kelas kontrol dengan model pembelajaran langsung.
Data kognisi dikumpulkan menggunakan test pilihan ganda dan data meta-kognisi dikumpulkan dengan
menggunakan tes esai. Peningkatan kognisi dan metakognisi mahasiswa ditandai dengan skor gain yang
dinormalisasi. Hasil penelitian menunjukkan bahwa penggunaan rekaman video dan analisis perangkat
lunak pelacak lintasan mampu meningkatkan kognisi dan metakognisi mahasiswa pada topik Kinematika
dan Dinamika dalam kategori sedang.

© 2017 Jurusan Fisika FMIPA UNNES Semarang

Keywords: problem solving learning model; cognition; metacognition

INTRODUCTION

Generally, physics learning at class-
room, whether for based level to higher level
education faced some problems. Learning ac-
tivity still used traditional method, that is direct
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learning model (Selcuk, Caliskan, & Sahin,
2013; Gok & Silay, 2008) and non-contextual
(Mariati, 2012). Questions given to students
has always struggled with mathematics equa-
tions and very rarely associated with contextual
issues. This phenomenon led to the develop-
ment of students’s cognition and metacognition
about physics problems of less highly trained
optimally.
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Physics in higher education should be
taught by presenting daily life problems to prac-
tice their higher order thinking skills, such as
cognition and metacognition. Therefore, mana-
ging the learning activity to fulfill the principles
of better teaching and learning in higher educa-
tion such as students centered learning, lear-
ning by doing, autonomous learning, as well
as cooperative learning. In accordance to the
principles, the learning activity is expected not
only focused on lecturer activities but moreover
the students activities in their learning process,
especially in General Physics subject.

General Physics is one of compulsory
subject for physics teacher candidate in higher
education. The subject is given at the first se-
mester since the subject is a pre requirement to
the next semester program. This subject is the
basis of the development of the engineering,
design, planning, and technology. Therefore,
the subject has an important role in various
parts of live and and indirectly build the pat-
tern of human thought. Unfortunately, General
Physics is one of subject that considered as a
difficult subject by the students, whereas it is
a basic and essential subject that should be
mastered by the students. If the student does
not master it well, then it is very possible for
them to have difficulty attended the lectures in
the next semester.

Based on observation result in one of
higher education in Medan, it is found that the
General Physics learning result is still low. This
is because more half of student is less interest
in learning Physics and they considered it as a
difficult subject. Gok & Silay (2008) stated that
learning result of Physics is lower than other
subject because it considered as one of difficult
subject by student, so the students less inter-
est in learning Physics. It is very common that
sains, especially Physics, is considered as a
difficult and not so favored subject (Setiawan,
2009). Based on the results of several studies,
there are several reasons why physics is not so
favored, among others: it is need complicated
mathematics (AAPT, 2009); to many material
and need laboratory activity (Sheppard & Ro-
bin, 2009; K. Heller, 1999); and often take mis-
conception (Anderson & Nashon, 2006). The
reasons also occurred in this research subject.
The students do not seem enthusiastic when
already up on materials related to a sufficiently
complex mathematical formula; the material is
quite dense and they could not connect them
with other physics concepts; and considers la-
boratory experiments do not support the con-

cept mastery

The prelemenary study show that Gene-
ral Physics learning results were not accordan-
ce with the standard yet. The learning process
was not fully support the development of the
students’s cognitive such as skills to memorize,
to comprehend, to apply, to analyse, to evalua-
te, as well as to creat, and their metacognition.
Importances of cognition and metacognition
development in learning activity have been re-
ported by previous researcher (Kipnis & Hofs-
tein, 2007; Weinert & Kluwe, 1987). According
to Kipnis & Hofstein (2007), metacognition is
an important component in science since meta-
cognition processes gives meaningful learning,
provides the student to learn the benefit of
science in a future, and supports the students
to learn autonomous. The idea also supported
by Weinert & Kluwe (1987) who suggested that
Higher Education should become ideal place
for meta-cognition development. It is because
there is so many learning of self-awareness in
continuing the learning process. In Higher Edu-
cation, student has repeatedly changes to mo-
nitor and to manage their cognition, has more
meta-cognition knowledge, as well as has more
opportunity to achieve meta-cognition skill.

Cognition considers as what is known
and taught by someone or it does include skill
that related to thinking process (Matlin, 2009;
Anderson & Krathwohl, 2001; Costa, 1985).
Components in cognition field consist of me-
mory, comprehension, application, analysis,
evaluation, and creation (Anderson & Kratwohl,
2001). Meta-cognition is a knowledge, aware-
ness, and control of cognition process (Matlin,
2009; Anderson & Kartwohl, 2001; Schraw &
Moshman, 1995). Schraw & Moshman (1995)
divided meta-cognition into two components,
knowledge and skill of meta-cognition. Meta-
cognition knowledge defined as knowledge
and comprehension in thinking process. Me-
ta-cognition skill defined as control in thinking
process. Three components of meta-cognition
knowledge are declaration, procedural, and
conditional. Four components of meta-cogni-
tion skill are prediction, design, monitor and
evaluation.

Students cognition and meta-cognition
can be developed through problem solving
learning. Tan (2004) and Foshay & Kirkley
(2003) said that problem solving model can in-
fluence student’s cognition. More over Foshay
& Kirkley (2003) said that with learning model
of problem solving, cognition can be developed
by using presented the problem, find solution,
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and evaluation. Hollingworth & McLoughlin
(2002) found that meta-cognition can be imp-
roved in a learning environment of problem
solving and problem solving learning (Winert &
Kluwe, 1987).

In this research Physics learning model
is set based on problem solving environment
in order to increase students cognition and me-
ta-cognition. Problem solving process in this
context is done by experiment and contextual
problem solving. Experiment based on problem
solving was set to train the students in making
prediction, answering question, setting design,
doing exploration, doing measurement, ana-
lyzing, and making conclusion (K. Heller &P.
Heller, 1999). The problem solving steps in the
experiment guide the students when they doing
experiment which assisted by video using soft-
ware tracker. This software functions as mathe-
matics program of the project in video and cut
up object position that move every time. The
benefit of the video usage to experiment activi-
ty such as 1) to investigate the problem of real
life situation, 2) can be accessed anytime, 3)
present moving things in two dimension, and 4)
can be varied easily so that it help the student
to construct and develop comprehension con-
cept (Teese, 2007; Zollman, 2001). Therefore,
the aim of the research is to develop the Phy-
sics learning model based on problem solving
to increase the student cognition and meta-
cognition.

METHOD

In order to develop Physics learning mo-
del based on problem solving, method of R and
D through four steps that is define, design, de-
velop, and disseminate was used (Thiagarajan,
D. Samuel, & M. Semmel, 19974). Procedure
of research and development model based on
problem solving in definition stage (define) is
conducted through need analysis by collecting
various information related to the product that
will develop. Collecting various informations
was conducted by prelimenary study through li-
terature and field study. The results of literature
and field study were used as a material to de-
sign a set of prelimenary product that is physics
learning model and learning equipment to sup-
port the model. The products are 1) guidance
of learning management; 2) syllabus and les-
son plan based on problem solving; 3) student
work sheet; 4) test (cognition and meta-cogniti-
on test). Product development conducted with
expert validation, limited try out test, and wider

scale test.

The method of limited try out test used
in this research is quasi experiment with ran-
domize control group pretest-posttest design.
The samples are 86 physics teacher candidate
consits of 47 students in experiment group and
39 students in control group. The cognition test
is multiple choices which consist of 20 items of
kinematics particle topic and 20 items of dyna-
mic particle topic. The test includes indicators
in cognition domain they are memory, compre-
hension, application, analysis, evaluation and
creation (Anderson & Krathwohl, 2001). Test
meta-cognition is essay test which consist of
8 items of kinematic particle topic and 8 item
of dynamic particle topic. The indicators of me-
ta-cognition test are prediction, plan, monitor,
evaluate, declaration, procedural and conditio-
nal (Schraw & Moshman, 1995).

Limited try out conducted to see the ef-
fectiveness implementation of physics lear-
ning model based on problem solving towards
cognition and meta-cognition of the students.
Activeness implementation of problem solving
model to increase cognition and meta-cogni-
tion was determined based on mean score of
gain that normalized, N-gain. The N-gain can
be classified as follows: 1) if N-gain > 70%, so
N-gain is in high category; 2) if 30 % < N-gain
<70 %, so that N-gain is in moderate category;
and 3) if N-gain < 0%, so N-gain is in low cate-
gory (Hake & Richard, 2002).

Syntax of problem solving learning mo-
del was adapted from Arends (2004) with pha-
ses are 1) oriented the student to problem, 2)
organized the student to learn, 3) guided group
and individual investigation, 4) develop and
presented investigation result, 5) strengthened
and reflection syntax of conventional learning
model started from introduction, main activity
and closing.

Meta-cognition knowledge can develop
through syntax of problem solving learning be-
cause when the problem is present, the student
will be guided to realize what they already know
and what they should know. Student deman-
ded to be able to relate between one to other
concept and connected those concepts with
their previous knowledge. Procedural knowled-
ge can be developed because in conducting
experiment, student should know about what
the procedure of problem solving. Conditional
knowledge can be developed because student
should know the reason why they use the prob-
lem solving strategy and know what is the right
and appropriate strategy to solve the problem.
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Meta-cognition skill also can be develo-
ped through problem solving, because student
demanded to make prediction before con-
ducted next investigation, student also deman-
ded to plan their own experiment because in
student work sheet there is no work procedure.
In planning experiment, students prepare what
will they do, choose data or information that gi-
ven, and choose the right and efficient mean
from available experiment equipments. By de-
signing their own experiment, student will be
challenging and motivating to collect informa-
tion from various sources to solve the problem
that they faced. Students will have a competent
in monitoring because they demand to do cor-
rection of their investigation phases whether it
accordance to the plan that they made before
or not. Students will also have a competent in
evaluation because they were demanded to
assess whether analysis results are suitable
with the theory and to assess the procedure
accuracy that used and made conclusion after
doing investigation.

RESULTS AND DISCUSSION

Based on the expert assessment, gene-
rally the content and construction of the test is
fulfilling criteria to measure the students’ cogni-
tion and meta-cognition.

Effectiveness of problem solving learning
model in increasing student’ cognition

Effectiveness test of problem solving lear-
ning model in increasing students’ cognition is
descibed using N-gain percentage of kinematic
and dynamic particle topics. Results of norma-
lity test, homogeneity test, and mean different
test of N-gain percentage of control and expe-
riment group in kinematic and dynamic particle
topic are shown in Table 1. Based on Table 1 it
shows that N-gain percentage of student cogni-
tion of experiment and control group is normal
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distribution and homogeny variant. The N-gain
percentage between two groups by using diffe-
rent test (t-test) shows that implementation of
physics learning model based problem solving
can increase significantly the student cognition
in kinematic and dynamic particle topic.

Based on Table 1, the students’ cognition
achieved by experiment group is higher than
control group. It can be concluded that imple-
mentation of learning model of problem solving
assisted video in kinematic and dynamic par-
ticle topic can be more effective to increase the
students’ cognition compare to usage of con-
ventional learning model.

N-gain percentage of cognition which
explains each indicator between experiment
and control group is shown in Figure 1. N-gain
percentage of cognition is lower for experiment
and control group occur in cognition domian is
for creating things. It is because creating work
has a high difficult level compared to other cog-
nition aspects (memory, comprehension, appli-
cation, analysis, and evaluation)

N-gain of percentage in memory and
comprehension aspects of experiment group is
higher than other cognition aspect. It is becau-
se in problem solving phases, when data of ex-
periment in form of video recording were ana-
lyzed using software tracker, student can more
memorize and understand. The students have
opprtunity to conduct investigation through ex-
periment autonomy. The learning model sup-
port the students to strenghthen their memory
and comprehension in constructing and deve-
loping their concepts.

Effectiveness of problem solving learning
model in increasing students’ meta-cognition.

Result of normality test, homogeneity
test and mean different test of N-gain percen-
tage between experiment and control group in
kinematic and dynamic particle topics is shown
at Table 2. The N-gain percentage of student

Table 1. Cognition result achieved by both groups.

Experiment group

Control group

Mean N-

Mean

Varians % N-
N-

Topic ain Cat- ain Cat- gainExp YVith p
Pre  Post 9(’0/') egory Pre  Post 9(’0/') egory % N-gain.
test test ° test test °
Kine- mod- moder- 0.000
. 21.91 65.21 56 26.67 54.74 38 homogen (signifi-
matics erate ate
cant)
Dynam- mod- moder- 0.000
y! 23.72 70.85 62 27.31 55.38 39 homogen (signifi-
ics erate ate cant)

Maximum score: 100
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Figure 1. Comparison of cognition N-gain percentage on Kinematic and Dynamic particle topics
based on experiment and control group indicator. The indicators: C1 = memory, C2 = comprehen-
sion, C3 = application, C4 = analysis, C5 = evaluation, C6 = creation.

Table 2. Results of meta-cognition achieved by both group

Experiment group Control group Varians %
N-gain
. Mean - Mean L, EXP
Topic Zin Cat- N-gain  Cat- with p
Pre  Post 9(’0/) egory Pre  Post (%) egory % N-
test  test ° test  test gaing .

Kinemat- moder- moder- 0.000
. 10.37 65.89 62 1210 52.88 46 homogen  (signifi-
ics ate ate

cant)
moder- moder- 0.000

Dynamics 9.38 70.94 68 10.90 61.06 56 homogen  (signifi-

ate ate cant)

Maximum score: 100

meta-cognition at Kinematic and Dynamic par-
ticle topics, both groups has normal distribution
and the variant is homogen. Different significant
of N-gain percentage increase meta-cognition
of experiment and control group used different
test. Results of different test show that imple-
mentation of learning model based on problem
solving more effective to increase students’
meta-cognition significantly.

Based on Table 2, it is shown that me-
ta-cognition achievement gain by experiment
group is higher than control group. It can be
concluded that implementation of problem sol-
ving learning model using video recording ana-
lysis at Kinematic and Dynamic topics is more
effective to increase students’ meta-cognition
compared with usage of conventional learning
model. The percentage of N-gain meta-cogniti-
on explains each of indicators between expe-
riment and control group as shown in Table 3.

N-gain percentage of meta-cognition
achieved by experiment group is higher if com-
pared to control group. It is because in problem
solving phases through experiment, student
demanded to be able to predict the solution of
the problem, to plan what will they do, to do
investigation procedural phase, to monitor, as

well as to evaluate the process. When the stu-
dent prepare the plan of the experiment, they
were challenged and pushed to think about
every procedural phase and goal from each
phases. So that, the students were trained to
find out various informations and discuss them
with their peer about their ideas to solve the
problem. It is accordance with Kipnis & Hofs-
tein (2007) that by arranging experiment plan
students will be trained to develop their meta-
cognition in making a planning and they also
trained to think about every procedural as well
as goal phases from each phase.

Research result shows that through
implementation of problem solving learning
model assisted by video recording can increase
student cognition of memory, comprehension,
application, analysis, evaluation, and creation.
The video recording analysis using software
tracker, where the analysis results are graph
of position toward time and speed toward time,
provide an opportunity to the student to inter-
pret the graph and continued analysis. In this
process the students try to apply their previous
concepts and to evaluate the results, so that
they can construct their knowledge, excavate
the ideas related to the essential concepts. By
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Table 3. Percentage of meta-cognition indicators of experiment and control group.

Meta-cogni- N-gain of Experiment Group (%) N-gain of Control Group (%)
tion Indica-
tors Kinematics Criteria Dynamics Criteria  Kinematics Criteria Dynamics Criteria
Declaration 59 moder- 68 moder- 53 moder- 67 moder-
ate ate ate ate
Procedural 71 high 73 high 47 moder- 5, moder-
ate ate
Conditional 70 moder- 65 moder- 44 moder- 64 moder-
ate ate ate ate
Prediction 56 moder- 70 moder- 45 moder- 56 moder-
ate ate ate ate
. . . moder- moder-
Planning 72 high 74 high 46 ate 50 ate
Monitoring 55 moder- 67 moder- 44 moder- 57 moder-
ate ate ate ate
Evaluating 52 moder- 65 moder- 38 moder- 48 moder-
ate ate ate ate

doing this activity the students ideas will ap-
pear and develop through process of continued
thinking.

Problem solving learning using video
recording shows positif impact in increasing
the student cognition and meta-cognition. It
is because through this model the students
have a chance to conduct the investigation in
solving the problem through experiment. The
experiment using video recording analysis was
done as follows. First, students were given
opportunity to make prediction about solution
of the problem they faced before conducting
continued investigation through experiment.
The prediction is supported by appropriate and
deep physics concepts. Secondly, they try to
answer the questions before conduct continued
and appropriate investigation with problem that
solved used appropriate physics concepts. The
question intention to provide an opprtunity to
the student in exploring theory to support the
investigation. Thirdly, giving opportunity to the
students to choose the equipment and material.
Fourth, students conduct the plan of the expe-
riment, equipment set up, determine the expe-
riment steps, determine the variables measu-
red, making the observation table. By gaining
the data of the experiment, the students will
have a chance to investigate the problem and
to arrange the plan of experiment so that they
can achieve knowledge and new experiences
from their experiment results. Fifth, variables
measurement is conducted according to what
they plan previously. The variables is not writ-
ten in the student worksheet to give freedom
to the students to practice their ability to solve

problem so that their ability in predicting and
analyzing will be sharpen. Measurement in this
experiment is conduct through video recording
using software tracker. Sixth, the data of video
recording were analyze using software tracker.
The analysis results are graph of position to-
ward time and speed toward time. Seventh,
the students made appropriate conclusion with
analysis results and then compared them with
their previous prediction and answer of ques-
tions.

The research results are accordance to
previous findings that through problem solving
can increase concept mastery (Duch, Groh,
& Allen, 2001; Akinoglu & Tandogan, 2007).
Giving the problem will raise the students’s
curiosity and motivation to solve the problem
so their concept mastery will increase as well
(Fogarty, 1997). The finding is supported also
by Tan (2003) who said that learning through
problem solving can increase transfer concept
to new situation, integration concept, intrinsic
learning interest, and learning skill. This lear-
ning helps students to construct their knowled-
ge and continued reasoning skill.

Problem solving learning using video
recording demanded the students to evaluate
the results whether they were appropriate to
the theory as well as to consider the accuracy
of analysis results. When the experiment was
recording using video equipment and was ana-
lyzing using software tracker, the students can
repeat the experiment if they make mistaken.
While the students analyze those data, they
can collect good part of the experiment results
so it can help student conduct accurate inves-
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tigation as well as analyze and give deep com-
prehension to them.

As already explained in the previous re-
searches that the advantage of video usage
in experiment activity are 1) can be used to
investigate problem of real life situation with
contextual concept; 2) freely accessed, picture
per frame, and can be slowed down; 3) can be
cutted and classified the part that will be used;
4) presenting moving thing in two dimension;
5) evaluation from this activity has potential to
offer university level instructor and students the
better way to visualize, investigate, analyze,
and comprehend various topics in physics; 6)
the video recording can be anlyzed easily so it
can halp the students to construct and develop
their comprehension (Tesee, 2007; Wagner,
Altherr, Eckert, & Jodl, 2006; Zollman, 2001;
Escalada & Zollman, 1997).

Based on analysis above, it can be con-
clude that through problem solving learning
model, the students’ cognition and meta-cog-
nition can be build. It is supported by Foshay
& Kirkey (2003) who said that problem solving
model can influence learner cognition. They
also stated that through problem solving lear-
ning model, students’ cognitive that can be
develop are: 1) explore knowledge that accor-
dance to context, 2) find a solution of problem
solving and develop plan to gain the goal, 3)
apply the solution include doing what they plan
and evaluate it. Tan (2004) noted that problem
solving in learning process, plan of problem
solution and the phase help learners to de-
velop cognitive relation combination. By col-
lecting data and information, learners need to
apply analytic thinking ability, to compare and
to classify the data. The learners will determi-
ne learning strategy, compare and share it to
their peers to solve the problem. Awareness of
self-thinking to direct, to compare, and to share
learning strategy shows that the learners are
involved in the learning activities. The idea is
supported by Hollingword & McLoughlin (2002)
who stated that meta-cognition ability, can gui-
de the students to plan learning environment
and choose strategy to fixed cognition perfor-
mance in a future as ewll as to increase their
learning results, especially their memorize abi-
lity and comprehension. Anderson & Nashon
(2006) found that meta-cognition had by the
students can increase learning capacity, sup-
port, and influence the students to construct
their knowledge.

CONCLUSSION

It have been develop a physic learning
model that suitable with physics characteristic,
named problem solving learning model by using
video recording. Based on limited try out test of
model development in general physic learning,
it can be concluded that implementation of
problem solving learning model significantly re-
sulted N-gain of cognition and meta-cognition
in Kinematic and Dynamic particle topic in low
category. The results show that implementation
of problem solving learning model by using vi-
deo recording is more effective to increase stu-
dents’ cognition and meta-cognition capability.
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