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ABSTRACT
Students’ developmental skills, including critical thinking skills, problem-solving skills, creativity, metacognitive
skills, communication skills-collaboration, digital literacy-technology are integrated into current issues discussed
at the 21st-century skills. Utilization of digital technology as media and learning resources reflects a transition of
X generation to Y generation learners. The use of digital technology in learning can be an excellent opportunity
to improve the 21st-century skills, particularly in the development of scientific communication skills in learning physics. This study employed 3D Page-Flipped Worksheet on impulse and momentum to improve students’
scientific communication skills. This research belongs to a developmental study with 4D development model
covering Define, Design, Develop, and Disseminate. The subjects were students senior high school grade X in
Yogyakarta. The results showed that 72.5% of students had excellent verbal communication skills, and 65.6% had
good written communication skills. Based on the results, the use of 3D Page-Flipped Worksheet is successful in
constructing the students’ understanding and communication skills, both oral and written.
© 2019 Science Education Study Program FMIPA UNNES Semarang
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INTRODUCTION
A learning process is closely related to
the method of communication between teachers
and students. Communication is the way teachers and students interact in conveying information (Sadiman et al., 2010). Hence, the achievement of learning objectives is in line with the
success of communication between teachers and
students. The success of communication is identified by the coherency of information conveyed
by the teacher and knowledge received by the
students. Nevertheless, teachers sometimes fail
to send information to students during the lear*Correspondence Address
E-mail: depi.oktasari12@gmail.com

ning process, as there are differences between
the delivered concepts and collected information. This situation often results in misconception and failure in achieving learning objectives
(Fischhoff, 2013).
Moreover, it also leads students to face
difficulty in learning and decrease their learning
motivation. This is parallel with Yusuf (2010),
who connected the communication process with
the goal of school learning. He found that erroneous communication would cause failure
in accomplishing learning goals. Furthermore,
Waldrip et al. (2013) stated that misconception
is the result of the negligence of a person in understanding information they have seen, read,
heard, and observed learners.
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A misconception is something to be prevented, and no exception in physics learning.
Physics has numerous abstract concepts (Fathurohman, 2014; Fikri & Susilo, 2012; Ugur et al.,
2012); therefore, building an effective communication is a must (Arief et al., 2012; Azizah et
al., 2015).
Prior to this study, the researchers conducted a preliminary survey of students’ difficulties in physics learning. The initial investigation
revealed that 79.8% of 112 students experienced problems in physics learning at school. The
challenges experienced by each student are very
diverse; in general, they have difficulties in mathematical representation as their teachers only
use this type of image. Conversely, Ismet (2013)
explained that a productive teaching strategy is
to provide a variety of representations about a
physical process. The same thing also expressed
by Hubber et al. (2010) that the effectiveness of
the science learning process may be achieved
by using various types of representations and
learning processes; visual representation is one
of a kind. Besides, Rau et al. (2014) also confirmed that there is no single representation that
can represent all aspects of instructions; hence,
multiple representations have to be adopted in
understanding concepts (Rau et al., 2014).
Furthermore, the survey results also indicated that 58.3% of the students better understood the physics concepts through images,
while 58% of them better understood the physics concepts through video/animation. Therefore, the teacher can use visual representations
in the form of graphs, tables, or technology- aided media with video, animation. In short, the
construction of the physics concepts with a visual representation can be a solution for defining
abstract physics concepts, as well as building
effective communication between teachers and
students.
Greenstein (2012) explained that students’
developmental skills, including critical thinking
skills, problem-solving skills, creativity, metacognitive skills, communication skills-collaboration, digital literacy-technology are integrated
into current issues discussed at the 21st-century
skills. Utilization of digital technology as media
and learning resources reflects a transition of X
generation to Y generation learners. Therefore,
the use of various types of learning that is relevant to students’ development in the 21st-century digital technology such as the development of
3D Page-Flipped Worksheet as media and learning resources students are needed. This research is also relevant to the development of 21st-

century education, which demands technical,
innovation skills, as well as information, media,
and technology literacy (Bakri, 2016). Moreover, Frye et al. (2010) elucidated that the use of
technology is a potentially significant teaching
tool in achieving the teaching and learning objectives when everything is integrated into the
social studies curriculum and instruction.
As visual media, 3D technology was employed as a stimulus in Page-Flipped Worksheet
for the students’ scientific communication skills.
Science education and scientific communication
are the same two currencies (McKinnon & Vos,
2015). As Kim & Lee (2013) stated that scientific communication programs focus on high-level
learning skills. There are two general approaches to developing scientific communication
skills, namely developing written and oral presentations (Divan & Mason, 2016). This worksheet presents a pack of animations, interactive
simulations, and videos where students could
learn to construct an understanding of physics
concepts through observation. Therefore, both
conceptual understanding and communication
skills could be increased in parallel. In sum, the
above explanation underlying the development
of 3D Page-Flipped Worksheet.
METHODS
This study employed research & development developed by Thiagarajan & Semmel
(1974), which includes four stages of define,
design, develop, and disseminate. The product
developed was 3D Page-Flipped Worksheet on
impulse and momentum for X high school students. The relationship between the research design, the demands of 21st-century skills, the use
of digital technology, and communication skills
in scientific inquiry learning activities is shown
in Figure 1.

Figure 1. Research Design of the Relationship
between of Research Variable
The research procedure was conducted
in SMAN 1 Prambanan. The research subjects
were 28 from 112 students of X grade at SMAN
1 Prambanan. The study lasted from February
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to May 2018. At the beginning of the study, the
respondents were given questionnaires relating
to the initial perception of the students’ interest
in learning physics. The results of this questionnaire were referred to as the basis of need
analysis of 3D Page-Flipped on impulse and
momentum. This process was included in the
define stage.
The process of 3D Page-Flipped Worksheet on impulse and momentum development
resulted in a prototype 1, and the discussion in
this study is limited only to the developmental
stage.

The evaluation of 3D Page-Flipped
Worksheet refers to Table 1, which consists of
content and design validation. In general, it
was developed into 14 indicators (statements)
according to Table 1. The validation results of
the developed worksheets are shown in Table 6.
Furthermore, the validity of product development, in the form of validators’ assessment was
interpreted into interval categories, as displayed
in Table 2.
Table 2. Interpretation of Evaluation Criteria
Interval Scores

Mechanical and Instrumental Research
Some data were collected at this stage
of development; they were product validation,
observation, students’ oral and written communication, and the trial results of the 3D PageFlipped worksheet. Validation sheet, as seen in
Table 1, was employed to assess the feasibility
of 3D Page-Flipped Worksheet.
Table 1. Validation of 3D Page-Flipped Worksheet
No.

Competence

Statement
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Score Category
A

Very high

B

High

C

Enough

D

Low

E

Very low

Information :
X
: Empirical Score
x _I
: The average ideal
Formula :1 / 2 (max score min ideal base + score)
sbi
: Standard deviation ideal
Formula : 1 / 6 (score-score min max ideal base)

Content Feasibility
1, 2, 3

1

Compliance with the basic
competencies and learning
indicators

2

Conformity with the needs
of students

4,5,6

Compliance with the
requirements of 3D PageFlipped Worksheet

7.8

3
4

The substance of the truth

9,10,11

5

Benefits to the students’
insight

12,13

The assessment of students’ scientific
communication skills was divided into verbal
and written. The oral communication was assessed when the students have a presentation
by the observer using observation sheets. As for
the written communication, the students’ work
on the 3D Page-Flipped Worksheet. The instruments for assessing students’ communication
skills are displayed in Table 3.
Table 3. Communication skills assessment instruments
No.

Design
6

Clarity of learning indicators

1.2

The order of 3D PageFlipped Worksheet presentation

3.4

7
8

Motivation

5.6

9

Font: type and size

7.8

10

Lay out

9,10,11

11

Design

12,13,14

Competence

Statement

Oral Communication Skills
1

Impart information or
ideas

1, 2, 3

2

Group discussions

4,5,6

3

ability inquiry

7,8,9

4

Answering capability

10,11,12

Written Communication Skills
5

Representational

6

Argumentative

13,14
15,16,17,18
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There were 4 indicators in assessing the
students’ scientific communication skills. Then 4
indicators of oral communication skills were augmented into 12 sub-indicators. Furthermore, the
assessment of written communication skills consisted of 2 indicators which were broken down
into 6 indicators. The assessment category is presented in Table 4.
In more detail, the assessment of students’
verbal communication skills is shown in Table
5, while the written evaluation of the students’
scientific communication skills is shown in Table
7.
Table 4. The Assessment Category of Students’
Communication Skills

sented in Figure 2.

Figure 2. The Display of 3D PageFlipp Worksheet
The 3D Page-Flipped Worksheet was developed on the basis of expert validators’ evaluations in the content, language, and design. The
final validation results of the product are shown
in Table 5.

Value Percentage

Category

81-100

Very good

61-80

Good

41-60

Pretty good

No.

21-40

Less

1.

The contents (Content)

4.4

0-20

Very less

2.

Design

4.2

Table 5. The Validation Results of 3D PageFlipp
Worksheet
Validation

RESULTS AND DISCUSSION
Based on the developmental research, the
3D Page-Flipped Worksheet was declared valid
with an average value of 4.3 and categorized as
‘good.’ The results of 3D Page-Flipped Worksheet assessment based on the content (materials)
and design by experts. Next, the worksheet was
used to develop oral and written scientific communication skills in physics learning activities in
the classroom. The results of students’ oral and
written scientific communication skills are discussed in the discussion below.
3D Page-Flipped Worksheet on Impulse
and Momentum was designed for X-grade high
school students. There are three concepts presented, namely, impulse and momentum, momentum relations, and the law of momentum
conservation. The display of the product is pre-

Average

Total

8.6

Average

4.3

Criteria

Good

Based on the results of expert validation,
the 3D Page-Flipped Worksheet was categorized
as good. Therefore, it can be used to know the
students’ scientific communication skills in physics learning.
The Observation Results of the Students’
Oral Communication Skills
The students’ oral communication skills
were observed during group discussions and presentations. There were 28 students found, who
were also divided into 8 groups. The assessment
rubric for this observation is presented in Table
6.

Table 6. Indicators of Students' Oral Communication Skills
Number of Respondents (28 Student)
Competence

Indicator

1

2

3

4

5

6

7

8

Interp.
Data

ASDF GHJK LZXC VBNM QEW RTY UIO PBC
Imparting
information
or ideas

q.1 Stating the purpose/infor- 4423
mation to be presented with
good and clear sentences.
q.2 Being able to establish com- 4433
munication during the presentation
q.3 Stating ideas or arguments 4423
with appropriate sentences

2433 2443

2344

433

343 343 344

high

3433

3443

3344

433 343 343 344

very
high

2433

2443

2344

433 343 343 334

high
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Group
discussions

Inquiry
skill

Answering
skill
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q.4 Giving attention when 3334
others speak
q.5 Respect the opinion/feedback/ questions from other 3333
people
q.6 Providing ideas or feedback accompanied by clear 3424
reasons

3343

3432

3334

243

434 432 233 high

3333

3333

3333

333

333 333 223 high

2343

2343

2433

444

433 443 334 high

q.7 Showing enthusiasm in 3433
asking questions
q.8 Proposing clear and un- 2332
derstandable questions
q.9 Asking questions in accordance with the topic being 2332
discussed

3433

3343

3334

433

332 332 223 high

3322

3232

3223

322

222 232 223 enough

3324

3343

4433

222

232 332 222 enough

q.10 Understanding other 3223
people’s questions easily
q.11 Precisely answering the 3233
questions
q.12 Arguing against what is 2322
seemed incompatible with his
thinking

3233

3323

2324

323

323 232 223 enough

3323

2233

2324

333

333 333 333 enough

2232

3222

3333

322

222 232 223 enough

Average value

2.9

Category

The assessment of students’ oral scientific communication skills hinged on the indicators of scientific communication skills that have
been displayed in Table 3. Furthermore, each indicator was developed into a sub-indicator consisting of 12 items, as shown in Table 6.
Based on the observation results, the students’ oral scientific communication had an
average value of 2.9 and categorized as ‘good.’
In more detail, based on Table 6, the idea/argument reinforcement had an average score of 2.4,
and justification to argument achieved and an
average value of 2.4 as well. On the other hand,
giving supporting reasons related to the answers
given got an average value of 2.3. These scores
showed that argumentative skill requires further
concern.
Oral communication skills become an
essential part of the learning process. Yusuf
(2010) connected the communication process
as a learning process. Reconstruction of verbal
communication skills is built when students present the results of their discussion in front of the
class. The students who have good concept understanding tend to have excellent communication skills, and vice versa.
Argumentative skill becomes an integral
part of the communication process. The excel-

good

lent communication process is created from favorable arguments which come from an excellent
understanding of the concepts. Oral communication skills indicators cover four significant
indicators, namely (1) imparting information
or ideas; (2) group discussion; (3) skill in asking
questions; and (4) skill in answering questions.
Students’ ability to communicate information or
ideas determine the level of student understanding related to the materials being studied. Presentations of students in developing communication skills are shown in Figure 3 and Figure 4.

Figure 3. Discussion Activity
To support their presentation, the students also build their oral communication skills
by using multiple representations to express
their ideas, as shown in Figure 5.
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Flipped Worksheet supported the development of
students’ scientific communication skills. This is
also relevant to the results of the research by Lau
& Yuen (2014), Khlaisang & Koraneekij (2019),
and Bingimlas (2009) who confirmed that the use
of technology in learning could support the optimization of student skills and learning interest.
The Observation Results of the Students’
Written Communication Skills

Figure 4. Presentation Activity
Representations used by the students during a presentation were pictures and graphics.
Some of the complicated and challenging physics
concepts were represented using mathematical
representation/verbal, but it became more comfortable when they employed photographs or
diagrams. This fact is line with Ainsworth et al.
(2011) who stated that particular representation
image/visual is useful to help visualize abstract
concepts. In other words, the use of 3D Page-

Written communication skills were observed using the appropriate assessment rubric in
Table 7. The assessment of written communication skills was more devoted to the students’ ability
to use a variety of representations in answering
the problem given in the developed 3D Page-Flipped Worksheet.
The assessment of students’ written scientific communication skills hinged on the indicators of scientific communication skills that have
been displayed in Table 3. Furthermore, each
indicator was developed into 6 sub-indicators, as
shown in Table 7.

Table 7. Indicators of Students' Written Communication Skills
Number of Respondent (28 Student)
Competence

INDICATOR

1

2

3

4

5

6

7

8

Interp. Data

ASDF GHJK LZXC VBNM QEW RTY UIO PBC
q.1 Writing opinRepresentation- ions/arguments with 3333 3333 3333 3333 333 333 333 333 High
al Skills
clear and understandable sentences
q.2 Using multiple
representations
in 3433 3443 3343 3344 333 333 343 334 High
presenting their opinions/arguments
q.3 Providing data to
Argumentative strengthen the opinskills
ions/ arguments
q.4 Justifying a relationship between an
argument with the
data
q.5 Providing supporting reasons related to the given answers
q.6 Drawing up conclusions

2332

3332

3232

3233

222 222 232 223

High

2322

2332

2232

2233

222 222 332 323

Enough

2322

2332

2232

2233

222 222 232 223

Enough

2332

3332

3232

3233

222 222 232 222

Enough

Average value

2.6

Category

Good

Based on Table 7, the average score of the
students’ written communication skill was 2.6 or
categorized as good. However, there were three
items in which the students scored the lowest, i.e.,

included in ‘enough’ category. First, justifying a
relationship between an argument with the data’,
followed by ‘providing supporting reasons related to the given answers’ and ‘drawing up con-
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clusions.’ In other words, the students’ remained
to face challenges to support their argument with
relevant data. This, therefore, needs to be taken
into account by the teacher.
Written communication skills of learners
were assessed based on two indicators of assessment, namely (1) representational skills, (2)
argumentative skills. As has been stated before,
learning will be more productive when presented
with various representations. The ability to use
multiple representations supports multiple intelligences of students, and this claim has been
confirmed by some studies which concluded that
there is no single representation to describe all
aspects of mathematical concepts, instruction in
understanding the concept typically uses multiple
representations. The results suggested that multiple representations can have significant benefits
for student learning (Hubber et al., 2010; Rau et
al., 2014; Rau & Matthews, 2017).
The two indicators were honed through
questions contained in 3D Page-Flipped Worksheet on Impulse-Momentum. Some of the questions are:
1. Why do the boxers wear boxing gloves?
2. Based on what consideration you choose the
form of illustration (pictures, graphs, and
mathematical)?
3. Give supporting data following your opinion.
4. What physics principle is used in the above
events?
5. Conclude by connecting the employed principle and your opinion.
The researchers took two samples of answers from Student A and Student B, as displayed
in the following figures.

Figure 5. The Student A’s Answers
The two sample answers show different
representational and argumentative skills. According to Rau & Matthews (2017), there are four
elements of representations that must be achie-
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ved including (1) visual understanding; (2) visual fluency; (3) the connectional comprehension;
and (4) the connectional fluency. Student A was
able to construct three forms of representation,
i.e., images, graphics, and mathematics. However, the types of representation written by student
A have not yet built the concept of impulse and
momentum. Descriptions for each representation
were irrelevant as they have not accomplished
the four elements. Instead, the representational
image given by student A should provide a visual understanding of the impulse concept for then
connected to other mapping concepts. Impulse is
influenced by two quantities, i.e., contact force
(F) and time interval (Δt), which are then developed into the graph. Therefore, the chart has to
depict the relationship between contact force (F)
and time interval (Δt).

Figure 6. The Student B’s Answers
Furthermore, the ability to use multiple
representations of student B is shown in Figure
6. Student B constructed three forms of representation; images, graphics, and mathematics,
which could reflect the concept of impulse and
momentum; yet the picture remained to have a
slightly improper description. The impulse position should be in between the boxing glove and
the boxer’s face. However, as seen in Figure 7,
student B wrote an incorrect caption of impulse
position. If connected to the mapping concept,
student B’s answer to impulse has two quantities;
contact force (F) and time interval (Δt). Thus,
student B was on the right track in relating image and graph representation, and mathematical
concept to explain impulse. As a result, student
B was more comfortable to build an argument/
opinion.
Moreover, Table 8 informs the comparison of oral and written communication skills of
the students. The written communication scored 65.6%, while oral communication achieved
72.5%. Both were categorized as ‘good.’
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Table 8. The communication skills of students
No.

Skills

Percentage

1.

Oral communication

2.

Written communication 65.6%
Category

72.5%
Good

In more detail, the distibution of the students’ communication skills are displayed in Figure 7.

Hindarto, (2010), Oktaviani et al. (2015) and Prahani et al. (2016) which asserted that technology
assistance media have a significant influence on
students’ conceptual understanding that leads to
the betterment of learning outcomes.
CONCLUSION
The results showed that 72.5% of students
had excellent verbal communication skills, and
65.6% of them had excellent written communication skills. Based on the research findings, the
use of 3D Page-Flipped Worksheet on ImpulseMomentum was effective in ameliorating students’ scientific verbal and written communication skills.
ACKNOWLEDGMENTS

Figure 8. The Distribution of Students’ Communication Skills
Scientific communication skills significantly affect students’ understanding of a concept, and students’ communication skills could
be developed using digital technology (Kulsum &
Nugroho, 2014). Teachers’ belief about technology assistance would affect their learning design;
however, their readiness to use digital-based is
the most vital element (Howard & Yang, 2016).
Teachers have to familiarize themselves with images, graphs, tables, and mathematical representations to maximize learning sequence as an effort
to accomplish learning objectives. This claim is
relevant to Nitz et al. (2014), who explained that
students’ skills in using a variety of representations depend on the teachers’ habit in using various models of representation in the classroom.
Moreover, the existence of multiple representations in classroom learning is one of the
21st-century pedagogical challenges (Hubber et
al., 2010; Rau & Matthews, 2017), and the accomplishment of learning with multiple representations, nowadays, highly relies on the use of
technology. This is also relevant to the characteristic of Y-generation learners. In this study, the
use of a digital-aid worksheet, which had been
adjusted with the curriculum applied in school
has proven to develop students’ communication
skills. Hence, this study support other prior studies by Usrotin & Nugroho (2013), Wijayanti &

A big thank goes to all of those who have
helped this research to journal writing. In particular to Prof. Dr. Jumadi, M.Pd., Dr. Warsono,
M.Si., Dr.Heru Kuswanto, M.Pd., and Mr. Sugiharto, S.Pd, my colleagues Rahmi Putri Z, S.
Pd, and students of SMAN 1 Yogyakarta Prambanan.
REFERENCES
Ainsworth, S., Prain, V., & Tytler, R. (2011). Drawing
to Learn in Science. Science, 333(6046), 10961097.
Arief, M. K., Handayani, L., & Dwijananti, P. (2012).
Identifikasi Kesulitan Belajar Fisika Pada
Siswa RSBI: Studi Kasus Di RSMABI Se Kota
Semarang. UPEJ Unnes Physics Education Journal, 1(2), 5-10.
Azizah, R., Yuliati, L., & Latifah, E. (2015). Kesulitan Pemecahan Masalah Fisika pada Siswa
SMA. Jurnal Penelitian Fisika dan Aplikasinya
(JPFA), 5(2), 44-50.
Bakri, M. A. (2016). Studi Awal Implementasi Internet of Things pada Bidang Pendidikan. JREC
(Journal of Electrical and Electronics), 4(1), 18-23.
Divan, A., & Mason, S. (2016). A Programme-Wide
Training Framework to Facilitate Scientific
Communication Skills Development amongst
Biological Sciences Masters Students. Journal
of Further and Higher Education, 40(4), 543-567.
Fathurohman, A. (2014). Analogi dalam Pengajaran
Fisika. Jurnal Inovasi dan Pembelajaran Fisika, 1(1), 74-77.
Fikri, K., & Susilo, W. (2012). Penerapan Pembelajaran Fisika Dengan Analogi untuk Meningkatkan Hasil Belajar Siswa SMA. UPEJ Unnes
Physics Education Journal, 1(2), 1-4.
Fischhoff, B. (2013). The Sciences of Science Communication. Proceedings of the National Academy of
Sciences, 110(Supplement 3), 14033-14039.

D. Oktasari, Jumadi, Warsono, M. H. Hariadi, E. L. Syari / JPII 8 (2) (2019) 211-219

Frye, E. M., Trathen, W., & Koppenhaver, D. A.
(2010). Internet Workshop and Blog Publishing: Meeting Student (and Teacher) Learning
Needs to Achieve Best Practice in the TwentyFirst-Century Social Studies Classroom. The
Social Studies, 101(2), 46-53.
Greenstein, L. M. (2012). Assessing 21st Century Skills: A
Guide to Evaluating Mastery and Authentic Learning. Corwin Press
Howard, S. K., Ma, J., & Yang, J. (2016). Student
Rules: Exploring Patterns of Students’ Computer-Efficacy and Engagement with Digital
Technologies in Learning. Computers & Education, 101(2016), 29-42.
Hubber, P., Tytler, R., & Haslam, F. (2010). Teaching and Learning about Force with a Representational Focus: Pedagogy and Teacher
Change. Research in Science Education, 40(1),
5-28.
Ismet. (2013). Impact of Multiple RepresentationsBased Mechanics Learning on Prospective
Physics Teachers’ Spatial Intelligence. Jurnal
Pendidikan Fisika Indonesia-Indonesian Journal of
Physics Education, 9(2), 132-143.
Khlaisang, J., & Koraneekij, P. (2019). Open Online
Assessment Management System Platform and
Instrument to Enhance the Information, Media, and ICT Literacy Skills of 21 st Century
Learners. International Journal of Emerging Technologies in Learning, 14(7), 111-127.
Kim, J., & Lee, W. (2013). Meanings of Criteria and
Norms: Analyses and Comparisons of ICT
Literacy Competencies of Middle School Students. Computers & Education, 64(2013), 81-94.
Kulsum, U., & Nugroho, S. E. (2014). Penerapan Model Pembelajaran Cooperative Problem Solving
untuk Meningkatkan Kemampuan Pemahaman Konsep dan Komunikasi Ilmiah Siswa
pada Mata Pelajaran Fisika. UPEJ Unnes Physics Education Journal, 3(2), 73-78.
Lau, W. W., & Yuen, A. H. (2014). Developing and
Validating of a Perceived ICT Literacy Scale
for Junior Secondary School Students: Pedagogical and Educational Contributions. Computers & Education, 78(2014), 1-9.
Bingimlas, K. A. (2009). Barriers to the Successful Integration of ICT in Teaching and Learning Environments: A Review of the Literature. Eurasia Journal of Mathematics, Science & Technology
Education, 5(3), 235-245.
McKinnon, M., & Vos, J. (2015). Engagement as a
Threshold Concept for Science Education And
Science Communication. International Journal
of Science Education, Part B, 5(4), 297-318.
Nitz, S., Prechtl, H., & Nerdel, C. (2014). Survey of
Classroom Use of Representations: Development, Field Test and Multilevel Analysis. Learning Environments Research, 17(3), 401-422.

219

Oktaviani, A. N., & Nugroho, S. E. (2015). Penerapan
Model Creative Problem Solving pada Pembelajaran Kalor untuk meningkatkan Pemahaman Konsep dan Keterampilan Komunikasi. UPEJ Unnes Physics Education Journal, 4(1),
26-31.
Ugur, G., Dilber, R., Senpolat, Y., & Duzgun, B.
(2012). The Effects of Analogy on Students’
Understanding of Direct Current Circuits and
Attitudes towards Physics Lessons. European
journal of educational research, 1(3), 211-223.
Rau, M. A., & Matthews, P. G. (2017). How to Make
‘More’ Better? Principles for Effective Use of
Multiple Representations to Enhance Students’
Learning About Fractions. ZDM, 49(4), 531544.
Rau, M. A., Aleven, V., Rummel, N., & Pardos, Z.
(2014). How Should Intelligent Tutoring Systems Sequence Multiple Graphical Representations of Fractions? A Multi-Methods Study. International Journal of Artificial Intelligence in
Education, 24(2), 125-161.
Sadiman, Arief, S., & Rahardjo, R. (2010). Understanding Media Education, Development, and Utilization. Jakarta: Rajawali Press.
Prahani, B. K., Limatahu, I., Winata, S. W., Yuanita,
L., & Nur, M. (2016). Effectiveness of Physics Learning Material through Guided Inquiry
Model to Improve Student’s Problem Solving
Skills Based on Multiple Representation. International Journal of Education and Research, 4(12),
231-244.
Thiagarajan, S., Semmel, D. S., & Semmel, M. I.
(1974). Instructional Development for Training
Teachers of Exceptional Children Leadership
Training Institute. Special Education.
Usrotin, D., & Nugroho, S. E. (2013). Penerapan
Pembelajaran Melalui Kegiatan Laboratorium
Inkuiri Terbimbing untuk Meningkatkan Kemampuan Pemecahan Masalah, Berkomunikasi, Dan Bekerjasama. UPEJ Unnes Physics
Education Journal, 2(3), 68-73.
Waldrip, B., Prain, V., & Sellings, P. (2013). Explaining Newton’s Laws of Motion: Using Student
Reasoning through Representations to Develop
Conceptual Understanding. Instructional Science, 41(1), 165-189.
Wijayanti, P. I., & Hindarto, N. (2010). Eksplorasi
Kesulitan Belajar Siswa pada Pokok Bahasan
Cahaya dan Upaya Peningkatan Hasil Belajar
melalui Pembelajaran Inkuiri Terbimbing. Jurnal Pendidikan Fisika Indonesia, 6(1), 1-5.
Yusuf, P. M. (2010). Komunikasi dan Instruksional Teori
dan Praktek. Jakarta: Bumi Aksara

