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Abstract

The purpose of the study was to determine the impact of using a problem-based Student
Worksheet (SWS) on improving problem-solving skills (PSS) in terms of student Learning
Outcomes (LO). The research used a quantitative approach, quasi-experimental method, and the
One Group Pretest-Posttest design research. The research sample also involved 31 high school
students for the experimental class and 31 for the control class. The research has three variables:
problem-based SWS, problem-solving skills (PSS), and Student Learning Outcomes (LO). The
problem-solving skill instrument uses five essay questions, and the LO uses 20 multiple choice
questions, both of which were developed by the researcher. Data analysis used the N-Gain
formula to obtain information on the increase in PSS and LO. Based on the results of data
analysis, it was found that the effect of implementing SWS was very significant on students’
PSS and LO. In addition, the application of SWS also affects students’ LO, and some students
with high or low LO scores also have high PSS scores or vice versa. Inference from this study,
it is hoped that teachers as educators will try to direct students to get used to solving physics
problems using a five-stage problem-solving model.
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INTRODUCTION

The Student Worksheet (SWS) is one of the learning tools used to make it easier for students to
complete tasks assigned by local teachers. Another expert’s opinion says that the SWS is a learning
tool that can be used by teachers to increase the involvement or activity of students in the teaching and
learning process. In general, worksheets contain practical instructions, experiments that can be done at
home, material for discussion, and practice questions, as well as all forms of instructions that can invite
students to be active in the learning process. Worksheets are one type of learning aid (Nisa et al. 2018).
Research on the development of SWS has been carried out in various ways, including using a guided
inquiry model (Afrida et al. 2015), problem-based (Khairunnisa 2016; Zulfa 2018; Mahayoni 2019),
using a scientific approach (Hasja et al. 2020), and by using the help of PhET simulation (Halim et al.
2020).
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The second variable in this study is PSS in learning physics. Referring to several views of science
education research experts, PSS are defined in various versions. Among them, it is said that PSS
includes the process used to get the best answer for something that is not yet known and is based on
several constraints (Mourtos 2004). The PSS can be improved in various ways that have been carried
out by educational research experts, including using problem-based learning models (Simamora et al.
2017; Eviyanti etal. 2017), and ELSII learning models based on local wisdom (Dewi et al. 2017), using
visual media (Widodo & lkhwanudin 2018), and using virtual lab (Gunawan et al. 2017). In most
research conducted by researchers in the field of science education, PSS is used as a variable to improve
several other dependent variables, including improving LO and critical thinking skills (Marisa et al.
2020), mastery of concepts and generic science skills (Mayasari et al. 2013), motivation and LO (Fajria
et al. 2017), and preparing a generation capable of overcoming globalization problems (Halim et al.
2016).

LO has been defined or stated in various versions by education experts, including LO are the
abilities of students in the cognitive, psychomotor, and affective domains (Huitt 2011). Other experts
say that LO is a change in behavior in a person that can be observed and measured in the form of
knowledge, attitudes, and skills. These changes can be interpreted as an increase and development that
is better than before, and those who do not know become aware (Hamalik 2017). Based on these
findings, it can be said that LO can be interpreted as the maximum results that have been achieved by
a student after experiencing the teaching and learning process of studying a certain subject matter. LO
is not absolute in the form of values but can be in the form of changes, reasoning, discipline, skills, and
so on that lead to positive changes. Several research results have shown that LO can be improved by
using a generative learning model using a virtual laboratory (Pratama et al. 2016), a virtual laboratory-
assisted NHT model (Sartika et al. 2016), a TSTS cooperative learning model (Ariyani et al. 2017),
and through the use of discovery learning-based SWS (Junina et al. 2020).

Based on the findings from the results of previous studies, as explained, it is still very rare for
research to use SWS to improve PSS in terms of aspects of student LO. Information from research
results is essential because LO is the final benchmark of all forms of learning models implemented in
the classroom. Not only that, the research results will provide answers to the question of whether
students who have high LO (scores) will also have high PSS scores. The purpose of this research is
formulated in detail in the form of Q1: How is the impact of using SWS on students’ PSS, Q2: How is
the impact of using SWS on student LO, and Q3: How are PSS in terms of student LO.

METHODS
Research Approach
This study uses a quantitative approach, quasi-experimental method, and research design using the

one group pretest-posttest model with reference to Sugiyono (2010), as shown in TABLE 1.
TABLE 1. Research design one group pre-test — post-test (Sugiyono, 2010)

Group Pretest Treatment Posttest
A (Experiment) 01 X 02
B (Control) 01 02

The research design, as shown in Table 1, was chosen based on several considerations, including
(a) based on the primary purpose of the study, namely wanting to know the effect of treatment (X) from
the SWS on PSS in the experimental class against the control class. There is no such treatment, (b)
want to know the improvement of PSS from the aspect of LO for the control class and also the
experimental class, and (c) the effectiveness level of implementing problem-based SWS in the
experimental class compared to the control class.
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Population and Sample of Research

The study was conducted on high school students in Banda Aceh City in the 2021/2022 academic
year. The research population was all students in class XI-MIA, then two classes were randomly taken
as research samples with a total of 62 students for both classes. Details for each experimental class
(class XI-MIA-1) totaled 31 students, and for the control class (XI-MIA-2) also totaled 31 students.
Based on the initial analysis of secondary data, it is known that both classes have the same ability,
meaning that both classes meet the homogeneity requirements.

Instruments and Data Collecting

There are two dependent variables that need to be collected data through this research, the first data
from the measurement of PSS and the second data from student LO. The problem-solving model used
is the Heller and Reif (1984) model consisting of several stages, namely focusing problem, describing
the situation of physics, planning the solution, implementing the plan, and evaluating the evaluation of
the answer. In other words, the measurement of PSS data is based on these stages, and measurements
are carried out two times, before treatment (pre-test) and after treatment (post-test). The PSS instrument
(Q1) used is an essay question of 5 physics questions about the concept of force with a reliability level
of 0.99 (reliable), a difficulty level of 0.34 (medium), a discrepancy level of 0.85 (very good), and a
validity level of 0.98 (very valid). Meanwhile, the assessment of student answers from the essay test
used a rubric sheet for assessing problem-solving skills (Halim et al. 2016). The development of the
assessment rubric is based on the problem-solving model of Heller and Reif (1984), and its validity has
been carried out in previous studies (Halim et al. 2016).

Meanwhile, the instrument to obtain data on student LO (Q2) uses a multiple-choice test of 20
guestions with the cognitive levels used are understanding (C2) and applying (C3). All these questions
were developed by the researcher with the provisions of 1 question body (stimulus), four answer
choices, and only one correct answer. The results of the trial on a limited sample showed that the level
of reliability was 0.97 (reliable), the level of difficulty was 0.33 (medium), the level of difference was
0.65 (good), and the level of validity was 0.725 (high).

Data Analysis

The raw data obtained from this research is quantitative data in the form of scores, both data from
measuring PSS and also data from measuring LO. Thus, the method of data analysis refers to the type
of data and also the research objectives.

Q1: Problem-Solving Skills (PSS) (1)

Data of PSS were measured twice, before treatment (pre-test) and after treatment (post-test), and
both had data in the form of scores. Information about improving PSS before and after treatment, both
experimental and control classes, can be found after data analysis using the N-Gain formula from pre-
test and post-test data (Hake 1998).

Skor Posttest — Skor Pretest
N-Gain =

Skor Ideal-Skor Pretest
)

Where g = N-Gain is the comparison between the difference between the highest score (Sf) and the
lowest score (S;) and the difference between the maximum score and the lowest score (S;).
TABLE 2. N-Gain decision matrix

Percentage Effectivity
0,00<g<0,30 Low
0,30<g<0,70 Moderate
0,70<g>1,00 High
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The highest score (S¢) is the highest score achieved by students in the experimental class or control
class. The lowest score (Si) is the lowest score obtained by students in each class. At the same time, the
maximum score is the highest score set by the researcher on a scale of 100 or a scale of 10. The decision
on the calculation of the N-Gain value refers in TABLE 2.

Q2: Learning Outcome (LO)

Data of student LO was measured twice, namely before treatment (pre-test) and after treatment
(post-test), in both the experimental class and the control class. Information on improving LO, both
experimental class and control class, can be known after data analysis using the N-Gain formula, and
the decision refers to the value in TABLE 2 (Hake 1998). Meanwhile, the significance level of the
effect of the implementation of the Student Worksheet on improving PSS and LO can be determined
through data analysis using a t-test between the experimental class and the control class.

Q3: Problem-Solving Skills toward Learning Outcome

Based on the results of the data analysis of student LO in the Q2 section, the category or level of
PSS is determined. Presentation of data to obtain information on the level of PSS in terms of LO using
graphs.

RESULTS AND DISCUSSION

The raw data obtained from the research is quantitative data in the form of scores, both data from
measuring PSS and also data from measuring LO. The validity of the data obtained or the level of bias
is very low if the instrument or test used is reliable and valid, as shown in TABLE 3 for essay tests and
TABLE 4 for multiple-choice tests.

TABLE 3. The results of the validity and testing of the PSS instrument (N = 20)

Items Diff. Index Difference Power Validity Noted
Index P Category D value Category Noted r_xy Category Noted
1 0.359 Moderate 0.897 Very good Accept  0.984 Very high Valid Good test
2 0.355 Moderate 0.868 Very good Accept  0.990 Very high Valid Good test
3 0.359 Moderate 0.882 Very good Accept  0.986 Very high Valid Good test
4 0.359 Moderate 0.838 Very good Accept  0.993  Very high Valid Good test
5 0.315 Moderate 0.809 Very good Accept  0.973 Very high Valid Good test

Reliability: 0.992 (very high)

The data in TABLE 3 is the value of validity, reliability, and the results of item analysis for an essay
test of 5 questions, and this is an instrument used to measure PSS. Overall, all items in TABLE 3 are
good, valid, not too tricky, and can distinguish between brilliant students and students who are not
good enough and deserve to be used.

TABLE 4. The results of the validity and testing of LO measurement instruments (N = 20)

Items Diff. Index Difference Power Validity Noted
Index P Category D value Category Noted r_xy Category Noted
1 0.323 Moderate 0.353 Enough Revision 0.714 High Valid Good test
2 0.323 Moderate 0.588 Good Accept  0.694 High Valid Good test
3 0.323 Moderate 0.529 Good Accept  0.689 High Valid Good test
4 0.339 Moderate 0.647 Good Accept  0.726 High Valid Good test
5 0.339 Moderate 0.647 Good Accept  0.672 High Valid Good test
6 0.323 Moderate 0.529 Good Accept  0.784 High Valid Good test
7 0.355 Moderate 0.706 Very good Accept  0.791 High Valid Good test
8 0.339 Moderate 0.706 Very good Accept  0.823  Very high Valid Good test
9 0.355 Moderate 0.706 Very good Accept  0.739 High Valid Good test
10 0.355 Moderate 0.765 Very good Accept  0.692 High Valid Good test
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Items Diff. Index Difference Power Validity Noted
Index P Category D value Category Noted r_xy Category Noted
11 0.323 Moderate 0.706 Very good Accept  0.769 High Valid Good test
12 0.355 Moderate 0.706 Very good Accept  0.725 High Valid Good test
13 0.339 Moderate 0.647 Good Accept  0.751 High Valid Good test
14 0.339 Moderate 0.765 Very good Accept  0.741 High Valid Good test
15 0.339 Moderate 0.706 Very good Accept  0.701 High Valid Good test
16 0.355 Moderate 0.765 Very good Accept  0.828  Very high Valid Good test
17 0.323 Moderate 0.647 Good Accept  0.643 High Valid Good test
18 0.306 High 0.588 Good Accept  0.691 High Valid Good test
19 0.339 Moderate 0.647 Good Accept  0.810  Very high Valid Good test
20 0.306 High 0.647 Good Accept  0.636 High Valid Good test

Reliability: 0.971 (very high)

Based on the data in TABLE 4, it can be understood that overall, all the tests are categorized as
good and suitable to be used to measure student LO. However, for question no. 1, the discrepancy
power is low, namely 0.353, while the difficulty and validity indexes are in the medium and valid
category.

Q1: Problem-Solving Skills (PSS)

The impact of the implementation of the SWS on PSS can be seen from the increase in pre-test
scores before treatment and post-test after treatment in the experimental class and control class which
is expressed by the N-Gain value.

N-Gain vs Pretest
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FIGURE 1. The relationship between N-Gain and Pretest scores for PSS

Based on the data in FIGURE 1, it can be understood that overall, the experimental class and control
class have different data clusters with different scores. The graph in FIGURE 1 shows the relationship
between the initial pre-test score and the improvement score or N-Gain value. In other words, for the
experimental class, it can be stated that the increase in PSS is not only caused by the implementation
of the SWS. The increase is also caused by the initial ability of students, which is 37.4%. At the same
time, the increase in the N-Gain value of PSS of around 62.6% was caused by the implementation of
the SWS. On the other hand, for the control class, the increase in the N-Gain value has absolutely no
relationship with the initial value, or there is even an inverse relationship from the pre-test (dashed).

Other information that can be obtained from the graph is that the SWS is less able to change
students’ initial abilities in solving physics problems, so the influence of initial abilities on improving
PSS is still visible. Meanwhile, for the control class, the opposite happened, where the treatment given
led to an increase in problem-solving ability, which was inversely proportional to the student’s initial
abilities.

Q2: Learning Outcomes (LO)

The data in FIGURE 2 shows that the increase in LO is almost not affected by students’ initial
abilities, both for the experimental class (1.1%) and the control class (3.6%). In other words, the
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increase in LO is influenced mainly by the implementation of the SWS, both for the experimental class
(98.9%) and the control class (96.6%).

Other information that can be extracted from FIGURE 2 is that the scores of the experimental class
and the control class are in different cluster scores (low and high). The two classes have a negative
correlation between the initial ability and the increase in the N-Gain value of LO for both classes.
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FIGURE 2. The relationship between the initial value (pre-test) and the N-Gain value for LO

Based on the two graphs above, FIGURE 1 and 2, it can be understood that the impact of
implementing the SWS has a more dominant influence on LO compared to improving PSS. This is due
to several factors, including (a) the syntax in the application of the SWS basically trains students to
understand the physics concepts being taught, and (b) the ability to solve problems in physics also
reflects the ability to master the physics concepts being taught, and (c) LO are the final output of the
learning process, meaning that whatever learning model is applied in the classroom, its success is
measured in student LO.

Q3: Problem-Solving Skills toward Learning Outcome

Although the relationship between PSS and LO has been briefly described, it has not been answered
whether students who have excellent or high LO will also have high PSS. Referring to Bloom’s (1989)
view, LO is a combination of cognitive, psychomotor (skills), and affective (attitude) abilities. This
means that if students have LO well, according to Bloom’s theory, these students should also have
good skills. This section will be analyzed empirically how the relationship between PSS with LO. The
graph in Figure 3 shows this relationship between the experimental group and the control group.
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FIGURE 3. Problem-solving skills (PSS) toward Learning Outcomes (LO)

The data in FIGURE 3 includes a control group and an experimental group, both of which have two
data clusters with different high and low scores. Based on the linear line from the experimental group
data, it can be understood that the increase in LO is also followed by the PSS of students, with the
contribution of PSS toward LO of around 12.23% (low positive correlation). However, if we look more
closely at the data that forms a straight line, it can be understood that only a few PSS scores are scattered
in areas with high LO and in areas with low LO. Most of the PSS scores are spread over the area of the
average LO score for the experimental class.
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Overall, the slope of the straight-line graph of the experimental group and the control group is
relatively the same, but the contribution of PSS scores to LO scores is relatively low, which is around
1.4% (low positive correlation). The distribution of PSS scores is more spread out or distributed in the
average LO score, but both have different score clusters. Other information that can be extracted from
FIGURE 3 is the impact of the application of the SWS being more dominant on PSS in the experimental
class. Based on the graphs in Figures 1, 2, and 3, there is interesting information that should be noted.
Namely, the initial abilities of students are different for the control class and the experimental class.
This difference causes the N-Gain value data from the two to differ significantly between the control
class and the experimental class. This finding forces us to say that the increase in the N-Gain value for
the experimental class is more dominantly influenced by the students’ initial ability to solve physics
problems. PSS can also be improved in various ways that have been carried out by educational research
experts, including by using problem-based learning models (Sutiadi & Nurwijayaningsih 2016;
Simamora et al. 2017; Eviyanti et al. 2017), 4D models (Hidayat et al. 2017), ELSII learning model
based on local wisdom (Dewi et al. 2017), using visual media (Widodo & Ikhwanudin 2018), and using
virtual lab (Gunawan et al. 2017). Several research results have shown that LO can be improved by
using a generative learning model using a virtual laboratory (Pratama et al. 2016), practicum design
methods (Sabirin et al. 2017); project learning model (Serevina & Muliyati 2015); virtual llaboratory
assisted NHT model (Sartika et al. 2016), TSTS cooperative learning model (Ariyani et al. 2017), and
through the use of SWS (SWS) based on discovery teaching (Junina et al. 2020).

CONCLUSION

Based on data analysis on the independent variable or students’ worksheet SWS and the two
dependent variables, PSS, and LO, we obtained some information. The impact of the use of SWS on
PSS can be seen from the increase in the N-Gain value, which is very dominant, although it is also
affected (lowly) by students’ initial abilities (Q1). The same thing applies to LO, where the application
of the SWS significantly affects the increase in student LO scores which are expressed with the N-Gain
score (Q2). The goal of this study is to improve PSS in terms of student LO, and the results of the study
show that only some students have high LO scores and high PSS scores and vice versa (Q3).

ACKNOWLEDGMENT

We thank all parties who have contributed thoughts or ideas for the convenience and perfection of
research and writing this article. The management of the Science Education Study Program and also
the Physics Education of Syiah Kuala University, who have provided recommendations for carrying
out research, we thank you. The USAID University of Syiah Kuala STEM study center has provided
funding for the publication of this article.

REFERENCES

Afrida, J, Adlim, A & Halim, A 2015, ‘Pengembangan Lembar Kerja Siswa (LKS) Berbasis Inkuiri
Terbimbing Untuk Meningkatkan Kemampuan Keterampilan Proses Sains Dan Minat Siswa Pada
Pembelajaran Fluida Statis Di Sma Negeri 11 Banda Aceh’, Jurnal Pendidikan Sains Indonesia,
vol. 3, pp. 93-106.

Avriyani, Kasli, E & Halim, A 2017, ‘Penerapan model pembelajaran kooperatif tipe two stay two stray
(tsts) untuk meningkatkan hasil belajarsiswa pada materi dinamika partikelkelas x-ipa 3 di man
darussalam’, Jurnal llmiah Mahasiswa (JIM) Pendidikan Fisika, vol. 2, pp. 160-169.

Dewi, IN, Poedjiastoeti, S & Prahani, BK 2017, ‘ELSII learning model based local wisdom to improve
students’ problem solving skills and scientific communication’, International Journal of Education
and Research, vol. 5, pp. 107-118.

Eviyanti, CY, Surya, E, Syahputra, E & Simbolon, M 2017, ‘Improving the students’ mathematical
problem solving ability by applying problem based learning model in VII grade at SMPN 1 Banda

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 8 Issue 1, June 2022
p-ISSN: 2461-0933 | ¢-ISSN: 2461-1433 162

Aceh Indonesia’, International Journal of Novel Research in Education and Learning, vol. 4,
pp.138-144.

Fajria, F, Rahmatan, H & Halim, A 2017, ‘Dampak Model Pembelajaran Problem Solving terhadap
motivasi dan hasil belajar peserta didik di SMP’, Jurnal Pendidikan Sains Indonesia, vol. 05, pp.
87-94.

Gunawan, G, Harjono, A, Sahidu, H, & Herayanti, L 2017, ‘Virtual laboratory to improve students’
problem-solving skills on electricity concept’, Jurnal Pendidikan IPA Indonesia, vol. 6, pp. 257-
264.

Hake, R 1998, ‘Interactive-engagement versus traditional methods: A six-thousand-student survey of
mechanics test data for introductory physics courses’, American Journal of Physics, vol. 66, pp. 64-
74.

Halim, A, Syukri, M & Nurfadilla, E 2020, ‘The development of SWS with PhET assisted to improve
student science process skill’, Journal of Physics: Conference Series, vol. 1460, pp. 1-9.

Halim, A, Yusrizal, Y, Susanna, S & Tarmizi, T 2016, ‘An Analyisis of Students’ skill in Applying the
Problem Solving Startegy to the Physics Problem Settlement in Facing AEC as Global
Competition’, Jurnal Pendidikan IPA Indonesia, vol. 5, pp. 1-5.

Hamalik, O 2017, ‘Proses Belajar Mengajar’, Aksara:Bandung, pp. 21-31.

Hasja, Y, Halim, A & Musman, M 2020, ‘The development of students’ worksheets based on a
scientific approach on the heat transfer concept’, Journal of Physics: Conference Series, vol. 1460,
pp. 1-9.

Heller, JI & Reif, F 1984, ‘Prescribing effective human problem-solving processes: Problem
description in physics’, Cognition and instruction, vol. 1, pp. 177-216.

Hidayat, SR, Setyadin, AH, Hermawan, H, Kaniawati, I, Suhendi, E, Siahaan, P & Samsudin, A 2017,
‘Pengembangan Instrumen Tes Keterampilan Pemecahan Masalah pada Materi Getaran,
Gelombang, dan Bunyi’, Jurnal Penelitian & Pengembangan Pendidikan Fisika, vol. 3, pp. 157-
166.

Huitt, W 2011, ‘Bloom et al.’s taxonomy of the cognitive domain’, Educational psychology interactive,
vol. 22.

Junina, I, Halim, A & Mahidin 2020, ‘The effect of discovery learning-based worksheet on students’
metacognition skill & LO’, Journal of Physics: Conference Series, vol. 1460, no. 1, p. 012100.

Khairunnisa 2016, ‘The development of LKS experiencing a problem based learning-Charged Spiritual
Attitude on the Concepts Measurement to Improve the Critical Thinking Skills of Students’, Journal
of Scientific Students of Physics Education. vol. 1, no. 4.

Li, J, Han, SH & Fu, S 2019, ‘Exploring the relationship between students’ learning styles and learning
outcome in engineering laboratory education’, Journal of Further and Higher Education, vol. 43,
pp. 1064-1078.

Mahayoni, RF 2019, ‘The development of LKPD problem based on problem-solving ability in the
subjects of biology’, Lampung: Fakultas Tarbiyah and Teacher training Universitas Islam Negeri
Raden Intan.

Mayasari, P, Halim, A & llyas, S 2013, ‘Model Pembelajaran Creative Problem Solving Untuk
Meningkatkan Penguasaan Konsep Dan Keterampilan Generik Sains Siswa SMP’, Jurnal
Pendidikan Sains Indonesia, vol. 1, pp. 58-67.

Merisa, Halim, A & Mahzum, E 2020 ‘The Effects of Exercise Using Minnesota Strategy Problem
Solving Model on Student LO and Critical Thinking Ability’, Asian Journal of Science Education,
vol. 2, pp. 24-32.

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 8 Issue 1, June 2022
p-ISSN: 2461-0933 | ¢-ISSN: 2461-1433 163

Mourtos, NJ, Okamoto, ND & Rhee, J 2004, ‘Defining, teaching, and assessing problem solving skills’,
The 7th UICEE Annual Conference on Engineering Education, pp. 1-5.

Nisa, NAK, Widyastuti, R & Hamid, A 2018, ‘Pengembangan Instrumen Assessment Higher Order
Thinking Skill (HOTS) pada Lembar Kerja Peserta Didik Kelas VII SMP’, Prosiding Seminar
Nasional Matematika dan Pendidikan Matematika, vol. 1, No. 2, pp. 543-556.

Pratama, Tarmizi & Halim, A 2016, ‘Penerapan Model Pembelajaran Generatif dengan Menggunakan
Virtual Laboratorium Untuk Meningkatkan Hasil Belajar Siswa’, Jurnal Ilmiah Mahasiswa
Pendidikan Fisika, vol. 2, pp. 149-153.

Sabirin, R, Muris, M & Yani, A 2016, ‘Penerapan Pendekatan Ilmiah Terhadap Kemampuan
Merancang Percobaan dan Hasil Belajar Fisika Peserta Didik Kelas X MIA MAN 2 Model
Makassar’, Jurnal Penelitian & Pengembangan Pendidikan Fisika, vol. 2, no. 2, pp. 39-46.

Sartika, F, Hamid, T & Halim, A 2016, ‘Penerapan Model Pembelajaran Numbered Head Together
(NHT) melalui virtual laboratorium untuk meningkatkan Hasil belajar siswa SMA 8 Banda Aceh
pada konsep Teori Kinetik Gas’, Jurnal IImiah Mahasiswa, pp. 261-270.

Serevina, V & Muliyati, D 2015, ‘Peningkatan Hasil Belajar Siswa pada Materi Dinamika Gerak
Partikel Dengan Menerapkan Model Pembelajaran Project Based Learning’, Jurnal Penelitian &
Pengembangan Pendidikan Fisika, vol. 1, pp. 61-68.

Simamora, RE, Sidabutar, DR & Surya, E 2017, ‘Improving learning activity and students’ problem
solving skill through problem based learning (PBL) in junior high school’, International Journal of
Sciences: Basic and Applied Research (IJSBAR), vol. 33, pp. 321-331.

Sugiyono 2008, ‘Quantitative Qualitative assessment dan R&D’, Bandung: Alfabeta.

Sutiadi, A & Nurwijayaningsih, H 2016, ‘Konstruksi dan Profil Problem Solving Skill Siswa SMP
dalam Materi Pesawat Sederhana’, Jurnal Penelitian & Pengembangan Pendidikan Fisika, vol. 2,
pp. 37-42.

Widodo, SA & Ikhwanudin, T 2018, ‘Improving mathematical problem solving skills through visual
media’, Journal of Physics: Conference Series, vol. 948, p. 012004

Zulfah 2018, ‘The development of a worksheet Students Based on Problem Based Learning for
Mathematics Class VIII. Universitas Negeri Padang’, Journal of Mathematics Education, vol. 12,
pp. 33-46.

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 8 Issue 1, June 2022
p-ISSN: 2461-0933 | ¢-ISSN: 2461-1433 164

e-Journal: http://doi.org/10.21009/1



