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Abstract - This study aims to analyze the cognitive learning outcomes of students before and after using
PBL student worksheets assisted by PhET Simulations on simple aircraft material. This study used a
quasi-experimental method with a one-group pretest-posttest design. The research subjects were 32
students of class VIII H at SMPN X Yogyakarta in the odd semester of the 2023/2024 school year which
was determined by purposive sampling technique. The instrument used was a multiple choice test of 15
items that measured cognitive learning outcomes based on Bloom's cognitive taxonomy levels C2, C3,
C4. The results showed a significant increase in the cognitive learning outcomes of students before and
after using PBL student worksheets assisted by PhET Simulations on simple aircraft material. The
pretest average score of 61.97 increased to 84.41 on the posttest, exceeding the minimum completeness
criteria. The normality test shows that the data is normally distributed. The paired sample t-test
produced a significance value of 0.000 (p < 0.05), which showed a significant difference between the
pretest and posttest. The effect size value of 1.73 is in the large category, indicating a strong influence
of the treatment on students' cognitive learning outcomes.
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INTRODUCTION 2018; Verdiana et al., 2024). Due to the
The achievement of cognitive learning abstract and complex nature of physics, this
outcomes in Indonesia, especially in science, material is often considered difficult and less
is still low, as evidenced by Indonesia's interesting (Mayanti et al., 2022). In
PISA science score of only 383, far below addition, many students find it difficult with
the international average of 476 (OECD, science lessons, especially physics, because
2024). This is a challenge in the era of they are considered boring, complicated, and
globalization that demands 21st century less relevant to everyday life (Hidayana et
skills such as creativity, critical thinking, al., 2022; Rosuli et al., 2019; Saban, 2023;
collaboration, and communication to Yufa et al., 2024). Simple aircraft material is
compete in the modern world of work one of the difficult subpoints, where students
(Thornhill-Miller et al., 2023). Therefore, often misunderstand the concepts of effort
the education system needs to produce and mechanical advantage, and assume that
graduates who are not only sufficient in all levers are the same and the mechanical
quantity but also of high quality for advantage of pulleys does not vary (Laila et
Indonesia to become a competitive and al., 2024; Putriardi et al., 2023).
innovative society (Tias, 2018). These difficulties have a negative
The low achievement in science is impact on cognitive learning outcomes and
reflected in the students' low understanding learner  comprehension,  inhibit  the
of physics material, which involves acceptance of new knowledge, and lead to
concepts, principles, laws, and theories and low academic achievement. The
demands critical thinking (Suliyati et al., achievement of cognitive learning outcomes
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is closely related to the learning process
followed by learners during teaching
activities. Cognitive learning outcomes are
not only reflected in academic grades, but
also include changes or improvements in
attitudes, habits, knowledge, discipline, and
development in a more positive direction
(Astuti et al., 2023).

The results of observations at SMPN X
Yogyakarta show that most students in class
VIII H have not reached the minimum
completeness value on the previous physics
material (work and energy), with an average
of 72, the
completeness criteria for science subjects is
80, where the teacher still
monotonous lecture method that makes
students bored, especially since science
lessons are scheduled at the end of the hour.

score while minimum

uses a

Although there has been a practicum, the
student worksheets used have not been

problem-based or raised  everyday
phenomena.
Learning activities that are still

dominated by classic approaches such as
lectures and question and answer are
considered less effective in developing
students' critical thinking skills, and often
cause conceptual difficulties due to
inconsistencies and errors (Suarez et al.,
2020; Utami et al., 2019). In addition, the
lack of use of interactive media inhibits the
focus and active involvement of students in
the learning process (Agus et al., 2022;
Suryadi et al., 2021). The lack of innovative
learning strategies contributes to the low
cognitive learning outcomes of some
students (Kisdiono, 2023; Su & Cheng,
2019).

One solution to improve cognitive
learning outcomes is the use of Problem
Based Learning (PBL) learner worksheets
assisted by PhET Simulations. Learner
worksheets make it easier for learners to
understand learning objectives (Aulia, 2023)

103

and encourage active involvement, both
individual and group (Yufa et al., 2024),
helping teachers manage learning by shifting
the focus from teachers to learners (Yashinta
et al., 2019). Research shows PBL learner
worksheets help learners achieve optimal
results and integrate new knowledge
(Kristiana & Radia, 2021; Mardhatilah et al.,
2022). This PBL model also improves
creativity, process skills, critical thinking,
and teamwork (Hidayana et al., 2022; Saban,
2023), and has proven effective on simple
aircraft material (Mariana & Warsidah,
2023; Rustam et al., 2024).

PBL presents contextual problems to
help understand physics in a structured way.
As a learner-centered model, the teacher's
role is important in fostering scientific
attitudes. Effective learning occurs when
learners actively solve problems (Suindhia,
2023). In addition, PhET Simulations
learning media facilitates understanding of
physics concepts through interactive virtual
experiments, and significantly improves
creative thinking skills and cognitive
learning outcomes (Yani & Widiyatmoko,
2023), with a positive impact on students'
cognitive learning outcomes (Nurhayati et
al., 2014). Virtual laboratory-based student
worksheets are also effective in helping
students understand the material (Firdaus &
Wilujeng, 2018).

RESEARCH METHODS

This research is a quasi-experimental
research with a one-group pretest-posttest
design. The research subjects were 32
students of class VIIIL H SMPN X
Yogyakarta in the odd semester of the
2023/2024 academic year, which were
selected using  purposive  sampling
technique. In this design, students were
given a pretest to measure cognitive learning
outcomes before being given treatment. The
treatment in question is the application of



/7

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

<E;FB Volume 11 No. 1a Special Issue 2025

PBL student worksheets assisted by PhET
Simulations simple aircraft material. After
treatment, students are given a posttest to
determine the increase in cognitive learning
outcomes.

Table 1. One Group Pretest-Posttest Design

Pretest Treatment Posttest
0, X 0,
Description:
0, : before treatment
0, : after treatment
X : application of treatment

Data collection techniques are used
with test techniques. The test used is a test to
measure the cognitive learning outcomes of
students on simple aircraft material. The
research instruments included 15 multiple
choice pretest and posttest questions on
simple aircraft material which were arranged
based on Bloom's Taxonomy cognitive
levels C2 (understanding), C3 (applying),
C4 (analyzing).

Data analysis was carried out using
descriptive statistical analysis techniques to
calculate the comparison of the average
pretest and posttest scores, normality test
and paired sample t-test using SPSS version
25, and effect size to determine the effect of
treatment on students' cognitive learning
outcomes.

Table 2. Cohen's d Interpretation Criteria

d Value Interpretation
0,8<d<2,0 Large
0,5<d<0,8 Medium
0,2<d<0,5 Small

RESULTS AND DISCUSSION

This study aims to analyze the
cognitive learning outcomes of students
before and after using PBL student
worksheets with the help of PhET
Simulations on simple aircraft material. The
research was conducted at SMPN
Yogyakarta in class VIII H with 32 students
as research subjects. The research was
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conducted in the odd semester of the
2023/2024 school year. The material used in
this study is simple aircraft material which
includes levers, pulleys, and inclined planes.
Learning done using PBL student
worksheets assisted by virtual laboratory
PhET Simulations.

Before receiving learning treatment
using PBL student worksheets supported by
PhET Simulations, students were first given

is

a pretest to measure the initial ability of
cognitive learning outcomes. After the
treatment is given, a posttest is conducted to
determine the final ability of students.
of  cognitive learning
outcomes is based on learning objectives
that have been formulated, with a focus on
understanding, applying, and analyzing the
concept of simple aircraft, which are

Measurement

arranged referring to the cognitive level of
Bloom's Taxonomy C2 (understanding), C3
(applying), and C3 (analyzing).

Results

Based on the application of PBL
student worksheets assisted by PhET
Simulations, there is an increase in the
average cognitive learning outcomes of
students.
comparison of the average pretest and
posttest scores, where the pretest average
score was 61.97, while the posttest average
score increased to 84.41. This increase
shows that the average value has been above
the minimum completeness criteria. Thus it
can be concluded that learning with the
integration of PhET Simulation on PBL
has succeeded
meeting the minimum completeness criteria
for science subjects.

This can be seen from the

student worksheets in

Table 3. Average of Pretest and Posttest

Mean N
Pair 1 Pretest 61.97 32
Posttest 84.41 32
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The results of the normality test are to
ensure that the data obtained meet the
assumptions of normal distribution. The
results of the Shapiro Wilk normality test on
pretest data are Sig (2-tailed=0.141) > a
(0.05) and posttest data Sig (2-tailed=0.071)
> a (0.05), so it can be concluded that the
pretest and posttest data are normally
distributed. The results of the normality test
can be seen in Table 4.

Table 4. Normality Test

Class Statistic df Sig.
Pretest .950 32 0.141
Posttest .939 32 0.071

The paired sample t-test results show
that the Sig. (2-tailed) value of 0.000,
smaller than %2 a (0.025). Therefore, Ho is

rejected, which shows that there is a
difference in pretest and posttest cognitive
learning outcomes after the application of
PBL student with PhET
Simulations on simple aircraft material. The
results of the paired sample t-test can be seen
in Table 5.

The effect size test results show a
value of 1.73, this means that it is included
in the large category. This shows that the
PBL student worksheet assisted by PhET
Simulations has a strong influence on the
cognitive learning outcomes of students on
simple aircraft material. This large effect
that the learning
provided is effective in supporting students'
understanding of the simple aircraft concepts
taught.

worksheets

indicates treatment

Table 5. Paired Sample T-Test

Mean Std. Deviation t df Sig. (2-tailed)
Pair 1 Pretest-posttest -21.438 12.334 -9.832 31 .000
Discussion Furthermore, they calculate the mechanical
Learning  with  PBL student advantage to wunderstand the working
worksheets 1s carried out through principle of the lever and the relationship

experimental activities using the PhET
Simulations virtual laboratory. the
learning process, the teacher raises
phenomena or problems in everyday life
related to simple aircraft tools. Learning that
presents a variety of real problems as a
source and means of learning aims to help
students improve their critical thinking and
problem-solving skills, build knowledge
independently through learning activities at
school, and relate it to real life without

In

putting aside mastery of concepts or
knowledge as the main goal of learning
(Faturrahman, 2020; Sembiring & Arisetya,
2023).

The problem in lever material, the
teacher raises the phenomenon of two
children playing seesaw, students are asked
to determine the balance point based on three
variations of data that have been provided.
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between weight, force, power arm, and load
arm. A similar approach is applied to pulley
and inclined plane materials. The problem
with pulleys is that learners are asked to find
the right solution for someone who draws
water using only a rope and bucket.
Meanwhile, in the context of inclined planes,
learners are asked to determine the most
effective inclined plane to move an iron
barrel onto a truck, taking into account
mechanical advantage.

The use of PBL learner worksheets is
very effective in creating learner-centered
learning. Learner worksheets provide
instructions for conducting experiments that
help students learn independently, while the
teacher acts as a facilitator (Dari et al.,
2024). The preparation of learner
worksheets must consider the characteristics
of students and the material being taught
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because it affects the course of the learning
process (Amali et al., 2019). PBL models
that focus on problem solving have proven
effective in developing students' critical
thinking and analysis skills (Mariana &
Warsidah, 2023). By applying the steps of
the scientific method in solving problems,
learners not only improve science process
skills, but also scientific attitudes that make
learning more meaningful and relevant. In
addition, PBL is also able to increase
learners' creativity and knowledge in solving
problems (Saban, 2023).

The use of virtual laboratory PhET
Simulations contributes significantly to the
understanding of abstract physics concepts.
This simulation allows learners to conduct
virtual experiments that support interactive
learning and facilitate understanding of the
relationship between theory and practice.
Thus, students become more motivated to
learn physics (Verawati et al., 2022;
Zaturrahmi et al., 2020). PBL-based learning
supported by virtual laboratory PhET

Simulations has proven effective in
improving students' cognitive learning
outcomes in physics material. PBL

encourages students to be active in the
learning process through the presentation of
real problems that must be solved. This is in
line with findings that show PBL can
improve students' critical thinking skills,
creativity, and learning outcomes in science
subjects (Gede Swiyadnya et al.,, 2021;
Makhrus & Wahyudi, 2020). In addition, the
use of virtual laboratory-based student
worksheets on mteri has also proven
effective in improving student learning
outcomes (Mahardika et al., 2022). This is in
line with the research of Firmasari et al.,
(2019) that there is an effect of PBL learning
model assisted by PhET Simulations on
students' physics learning outcomes.

106

CONCLUSION

This study shows that the use of PBL
student assisted by PhET
Simulations significantly improves the
cognitive learning outcomes of students on
simple aircraft material. This is evidenced by

worksheets

an increase in the average score from 61.97
(pretest) to 84.41 (posttest). The paired
sample t-test results show a significance
value of 0.000 (p < 0.05), which means there
is a significant difference between before
In addition, the
calculation of effect size of 1.73 is included

and after treatment.
in the large category, indicating that the
learning treatment has a strong influence on
increasing students' understanding.
Therefore, it is recommended that teachers
apply PBL student worksheets assisted by
PhET Simulations in physics learning to
increase and

students'  involvement

conceptual understanding.

REFERENCES

Agus, S., Indra, Noviansyah, & Farah, T.
(2022). Edulnovasi : Journal of Basic
Educational Studies, 2(1), 85-97.
https://doi.org/https://doi.org/10.4746
7/edui.v4il.4366

Amali, K., Kurniawati, Y., & Zulhiddah, Z.
(2019). Pengembangan Lembar Kerja
Peserta  Didik  Berbasis  Sains
Teknologi Masyarakat Pada Mata
Pelajaran IPA di Sekolah Dasar.
Journal of Natural Science and

Integration, 2(2), 70.
https://doi.org/10.24014/jns1.v2i2.815
1

Astuti, L., Mayasari, D., & Setyowati, R.
(2023). Pengaruh Pendekatan Steam
dengan Model Problem Based
Learning (PBL) terhadap Hasil Belajar
Kognitif Siswa Pembelajaran IPA
SDN 15 Singkawang. EDUKASIA:
Jurnal Pendidikan Dan
Pembelajaran,  4(2), 2063-2070.
https://doi.org/10.62775/edukasia.v4i
2.547



P

<576 Volume 11 No. 1a Special Issue 2025

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

Aulia, N. S. (2023). Penerapan Model
Problem Based Learning (PBL)
berbantuan LKPD Terhadap Hasil
Belajar Peserta didik Kelas X Ibrahim
Tulle di SMAN 3 Takalar. Jurnal
Pemikiran ~ Dan  Pengembangan
Pembelajaran, 3(5), 978-984.

Dari, P. W., Helendra, & Rahmatika, H.
(2024).
LiteratureReview:PengembanganLem
barKerjaPesertaDidik(LKPD)Biologi
BerbasisProblemBasedLearning
(PBL). Biogenerasi, 10(1), 260-268.

Faturrahman, @ M. (2020).  Strategi
Pembelajaran Problem Based
Learning. Yayaysan Barcode.

Firdaus, M., & Wilujeng, I (2018).
Pengembangan LKPD inkuiri
terbimbing  untuk  meningkatkan

keterampilan berpikir kritis dan hasil
belajar peserta didik. Jurnal Inovasi

Pendidikan  IPA, 4(1), 26-40.
https://doi.org/10.21831/jipi.v411.557
4

Firmasari, T., Verawati, N. N. S. P,

Makhrus, M., & Gunawan. (2019).
Pengaruh Model Problem Based
Learning Berbantuan Media PhET
Simulation Terhadap Hasil Belajar
Peserta Didik. Jurnal Pendidikan,

Sains, Geologi, Geofisika,
3(September), 6-10.
https://doi.org/10.29303/goescienceed
.v61l.515

Gede Swiyadnya, 1. M., Citra Wibawa, [. M.,
& Agus Sudiandika, 1. K. (2021).
Efektivitas Model Problem Based
Learning Berbantuan LKPD Terhadap
Hasil Belajar Muatan Pelajaran IPA.
MIMBAR PGSD Undiksha, 9(2), 203.
https://doi.org/10.23887/jjpgsd.v9i2.3
6111

Hidayana, H., Ahzan, S., & Rahmawati, H.
(2022). Penerapan Model Problem-
Based Learning (PBL) dalam
Meningkatkan Hasil Belajar IPA
Fisika pada Sub-pokok Bahasan
Kalor. Reflection Journal, 2(2), 74-81.
https://doi.org/10.36312/1j.v212.1131

107

Kisdiono, T. F. (2023). Pengaruh Kesulitan
Belajar Terhadap Prestasi Belajar
Kognitif Peserta Didik pada Pokok
Bahasan Laju Reaksi Kelas XI IPA

SMA Santo Paulus Manokwari.
Chemistry Education Journal, 3(1),
186-192.

https://doi.org/https://doi.org/10.3086
2/accej.v3il.295

Kristiana, T. F., & Radia, E. H. (2021). Meta
Analisis Penerapan Model Problem
Based Learning Dalam Meningkatkan
Hasil Belajar IPA Siswa Sekolah
Dasar. Jurnal Basicedu, 5(2), 818—
826.
https://doi.org/10.31004/basicedu.v5i
2.828

Laila, E. H., Maison, & Nehru. (2024).
Identifikasi Miskonsepsi Peserta Didik
Menggunakan ~ Diagnostic ~ Test
Berformat Five-Tier Berbasis Website
Pada Materi Pesawat Sederhana.
Jurnal  Luminous:  Riset Ilmiah
Pendidikan  Fisika,  5(1),  20.
https://doi.org/https://doi.org/10.3185
1/luminous.v5i1.11728

Mahardika, I. K., Subiki, S., Utoyo, E. B.,
Siswanti, I. W., & Putri, 1. Y. P.
(2022). Pengaruh Media Pembelajaran
Lkpd Berbasis Virtual Laboratorium
Terhadap Hasil Belajar Fisika Siswa
Sma Materi Optik. CERMIN: Jurnal

Penelitian, 6(2), 387.
https://doi.org/10.36841/cermin_unar
$.v6i2.1804

Makhrus, M., & Wahyudi. (2020).

Pembelajaran Kreatif Berbasis Student
Centered Learning pada Elektronika
Dasar I Melalui Model Problem Based
Learning. Kappa Journal, 4(1),23-30.
https://doi.org/10.29408/kpj.v411.191
2

Mardhatilah, R., Zaini, M., & Kaspul, K.
(2022). Pengaruh LKPD-Elektronik
sistem gerak terhadap hasil belajar dan
keterampilan berpikir kritis peserta
didik. Practice of The Science of
Teaching Journal: Jurnal Praktisi
Pendidikan, 1(2), 53-64.
https://doi.org/10.58362/hafecspost.v



P

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

<576 Volume 11 No. 1a Special Issue 2025

1i2.13

Mariana, S., & Warsidah. (2023). Pengaruh

Model Pembelajaran Problem Based
Learning Terhadap Hasil Belajar
Siswa Pada Materi Pokok Pewasat
Sederhana Di Kelas VIII SMP Negeri
14 Medan. Jurnal Visi Eksakta, 4(1),
34-48.
https://doi.org/10.51622/eksakta.v4il.
176

Mayanti, A., Poluakan, C., & Tumimomor,

F.R.(2022). Pengaruh Model Problem
Based Learning (PBL) Menggunakan
Metode Demonstrasi dan Eksperimen
pada Pembelajaran Fisika tentang
Hukum Newton. Charm Sains: Jurnal
Pendidikan  Fisika, 3(1), 9-14.
https://doi.org/10.53682/charmsains.v
3il.144

Nurhayati, N., Fadilah, S., & Mutmainah, M.

(2014). Penerapan Metode
Demonstrasi Berbantu Media Animasi
Software Phet Terhadap Hasil Belajar
Siswa Dalam Materi Listrik Dinamis
Kelas X Madrasah Aliyah Negeri 1
Pontianak. Jurnal Penelitian Fisika
Dan Aplikasinya (JPFA), 4(2), 1.
https://doi.org/10.26740/jpfa.v4n2.p1-
7

OECD. (2024). PISA 2022 Results (Volume

IIT): Creative Minds, Creative Schools,
PISA. Factsheets, I, 1-9.

Putriardi, I. M. T., Sukarmin, S., & Ekawati,

E. Y. (2023). Remediasi Miskonsepsi
Menggunakan Model Learning Cycle
SE Pada Materi Fluida Statis. Jurnal
Materi Dan Pembelajaran Fisika,
13(1), 1.
https://doi.org/10.20961/jmpf.v13il.5
9345

Rosuli, N., Koto, I., & Rohadi, N. (2019).

Pembelajaran  Remedial  Terpadu
Dengan Menerapkan Model
Pembelajaran Generatif ~ Untuk
Mengubah Miskonsepsi Siswa
Terhadap Konsep Usaha Dan Energi.
Jurnal Kumparan Fisika, 2(3), 185—
192.
https://doi.org/10.33369/jkt.2.3.185-

108

192

Rustam, M., Muhiddin, N. H., & Rante, P.
(2024). Penerapan Model
Pembelajaran Problem Based

Learning untuk Meningkatkan Hasil
Belajar IPA Peserta Didik. Jurnal
Pemikiran ~ Dan  Pengembangan
Pembelajaran, 6(2), 1661-1666.
https://www.ejournal-
jp3.com/index.php/Pendidikan/article/
view/1224

Saban, M. (2023). Meningkatkan Hasil
Belajar Ipa Melalui Model Problem
Based Learning (Pbl) Pada Siswa
Kelas Viii Smps Dian Todahe
Halmahera Barat. TEACHER : Jurnal
Inovasi Karya llmiah Guru, 2(4), 393—
400.
https://doi.org/10.51878/teacher.v2i4.
1922

Sembiring, R., & Arisetya, D. (2023).
Pengaruh  Model = Pembelajaran
Problem Based Learning Terhadap
Hasil Belajar Ipa Siswa SMP Negeri 1
Simpangempat. Dian Arisetya
INNOVATIVE: Journal Of Social
Science Research, 3(3), 3957-3969.

Su, C. H, & Cheng, T. W. (2019). A
sustainability innovation experiential
learning model for virtual reality
chemistry laboratory: An empirical
study with PLS-SEM and IPMA.
Sustainability (Switzerland), 11(4).
https://doi.org/10.3390/sul11041027

Suarez, A., Baccino, D., Marti, A. C., &
Monteiro, M. (2020). Inconsistencies
and errors in traditional approaches

to energy in our introductory courses.
2(1). http://arxiv.org/abs/2007.09480

Suindhia, I. W. (2023). Pengaruh Penerapan
Model Pembelajaran Problem Based
Learning (Pbl) Terhadap Hasil Belajar
Fisika. TEACHING : Jurnal Inovasi
Keguruan Dan Ilmu Pendidikan, 3(1),
49-56.
https://doi.org/10.51878/teaching.v3i
1.2163

Suliyati, S., Mujasam, M., Yusuf, L., &
Widyaningsih, S.  W. (2018).



P

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

<576 Volume 11 No. 1a Special Issue 2025

Penerapan Model Pbl Menggunakan
Alat Peraga Sederhana Terhadap Hasil
Belajar Peserta Didik. Curricula, 3(1),
11-22.
https://doi.org/10.22216/jcc.2018.v3i
1.2100

Suryadi, 1., Kusumaningsih, W., & Suciana,

F. (2021). Peningkatan Hasil Belajar
Kognitif Tema 8 melalui Model Pbl
pada Siswa Kelas III Sdn 4 Bangunsari
Kendal. Malih Peddas, 11(1), 505722.
https://doi.org/https://doi.org/10.2687
7/ijes.v1i1.8918

Thornhill-Miller, B., Camarda, A., Mercier,

Tias,

M., Burkhardt, J. M., Morisseau, T.,
Bourgeois-Bougrine, S., Vinchon, F.,
El Hayek, S., Augereau-Landais, M.,
Mourey, F., Feybesse, C., Sundquist,
D., & Lubart, T. (2023). Creativity,
Critical Thinking, Communication,
and  Collaboration:  Assessment,
Certification, and Promotion of 21st
Century Skills for the Future of Work
and Education. Journal of Intelligence,
11(3).
https://doi.org/10.3390/jintelligencel
1030054

P. A. (2018). Peningkatan Hasil
Belajar ~ Kognitif =~ Menggunakan
Strategi Pembelajaran Problem Based
Learning (Pbl) Pada Pembelajaran
Biologi Di Kabupaten Deli Serdang.
Jurnal Biolokus, Vol. 1(2), 71-76.

Utami, T. S., Santi, D., & Suparman, A. R.

(2019). Pengaruh Model Pembelajaran
Problem Based Learning (PBL)
Terhadap Hasil Belajar Kognitif
Peserta Didik Kelas XI SMK Negeri
02 Manokwari (Studi Pada Materi
Pokok Konsep Laju Reaksi). Arfak
Chem: Chemistry Education Journal,
1(1), 21-26.
https://doi.org/10.30862/accej.v1il.45

Verawati, N. N. S. P., Handriani, L. S., &

Prahani, B. K. (2022). The
Experimental Experience of Motion
Kinematics in Biology Class Using
PhET Virtual Simulation and Its
Impact on Learning Outcomes.
International Journal of Essential

109

Competencies in Education, 1(1), 11—
17.
https://doi.org/10.36312/ijece.v1il.72
9

Verdiana, V., Munawaroh, H., & Fatiatun, F.

(2024). Analisis Peningkatan Hasil
Belajar Siswa pada Mata Pelajaran
Fisika pada penerapan  Model
Pembelajaran PBL Menggunakan Soal
HOTS. Biochephy: Journal of Science
Education, 4(1), 70-74.
https://doi.org/10.52562/biochephy.v
411.981

Yani, L. P., & Widiyatmoko, A. (2023). The

Effectiveness of the PhET-Assisted
Creative Problem Solving Model on
Students’ Creative Thinking Abilities
and Cognitive Learning Outcomes.
Jurnal Inovasi Pendidikan IPA, 9(2),
146-156.
https://doi.org/10.21831/jipi.v9i2.459
02

Yashinta, M., Festiyed, & Murtiani. (2019).

Pembuatan Lembar Kerja Peserta
Didik Berbasis Accelerated Learning
pada  Materi  Usaha, Pesawat
Sederhana, Struktur dan Fungsi
Tumbuhan untuk Peserta Didik SMP
Kelas VIII.  Pillar of Physics
Education, 12(3), 513-520.
https://ejournal.unp.ac.id/students/ind
ex.php/pfis/article/view/7089/3511

Yufa, S. A., Sundari, P. D., Akmam, A.,

Satria, W., Fisika, D., Matematika, F.,
& Alam, P. (2024). Deskripsi
Kebutuhan LKPD Berbasis Problem
Based Learning dalam Pembelajaran
Fisika. Jurnal Pendidikan Tambusai,
8, 8806—-8814.

Zaturrahmi, Z., Festiyed, F., & Ellizar, E.

(2020). The Utilization of Virtual
Laboratory in Learning: A Meta-
Analysis. Indonesian Journal of
Science and Mathematics Education,
3(2), 228-236.
https://doi.org/10.24042/ijsme.v3i2.6
474



