[bookmark: _Hlk202092979]Appendix A. Journal Rankings
	Journal type
	Author code
	Rank
	Journal name
	Frequency
	Percentage (%)

	Nasional
	A7
	Sinta 1 accredited
	Journal of Education and Learning (EduLearn)
	1
	4.17%

	
	A16
	Sinta 2 accredited
	Jurnal Pendidikan Indonesia
	3
	12.5%

	
	A3
	Sinta 2 accredited
	Jurnal pendidikan sains Indonesia
	
	

	
	A20
	Sinta 2 accredited
	Educhemia: Jurnal Kimia dan Pendidikan
	
	

	
	A1
	Sinta 3 accredited
	Jurnal akademika kimia
	6
	25%

	
	A6
	Sinta 3 accredited
	Jurnal Teknologi Pendidikan: Jurnal Penelitian dan Pengembangan Pembelajaran
	
	

	
	A10
	Sinta 3 accredited
	Educenter: Jurnal Ilmiah Pendidikan
	
	

	
	A11
	Sinta 3 accredited
	Educenter: Jurnal Ilmiah Pendidikan
	
	

	
	A13
	Sinta 3 accredited
	Jurnal Pendidikan Kimia
	
	

	
	A18
	Sinta 3 accredited
	Jurnal Pendidikan Kimia
	
	

	
	A2
	Sinta 4 accredited
	UNESA Journal chemical education
	10
	41.7%

	
	A4
	Sinta 4 accredited
	Jurnal penelitian pendidikan kimia
	
	

	
	A5
	Sinta 4 accredited
	UNESA journal of chemical education
	
	

	
	A8
	Sinta 4 accredited
	Jurnal Pendidikan dan Pembelajaran Kimia
	
	

	
	A9
	Sinta 4 accredited
	Jurnal Ilmu Pendidikan Indonesia
	
	

	
	A14
	Sinta 4 accredited
	SPIN Jurnal Kimia & Pendidikan Kimia
	
	

	
	A15
	Sinta 4 accredited
	Jurnal Pendidikan dan Pembelajaran Kimia
	
	

	
	A17
	Sinta 4 accredited
	Jurnal Media Eksakta
	
	

	
	A19
	Sinta 4 accredited
	Al Kawnu: Science And Local Wisdom Journal
	
	

	
	A21

	Sinta 4 accredited
	SPIN Jurnal Kimia & Pendidikan Kimia
	
	

	
	A12
	Sinta 5 accredited
	Arfak Chem: Chemistry Education Journal
	1
	4.17%

	Internasional
	A24
	Scopus Q2
	Jurnal Ilmiah Peuradeun
	1
	4.17%

	
	A23
	Scopus Q4
	Universal Journal of Educational Research
	2
	8.33%

	
	A22
	Scopus Q4
	International Journal of Environmental Sciences
	
	









Appendix B. List of Article Codes
	Code
	Penulis & Tahun
	Article title
	Rank Jurnal
	Jurnal name

	A1
	Kasmiati et al. (2020)
	Effect of Problem Based Learning Model on the Chemical Reaction Rate toward Critical Thinking Ability of Students
	Sinta 3
	Jurnal Akademika Kimia

	A2
	Laili & Azizah (2015)
	Implementasi Model Pembelajaran Berbasis Masalah (Pbm)Untuk Melatihkan Keterampilan Berpikir Kritis Dan Self Efficacy Pada Materi Pokok Faktor-Faktor Yang Mempengaruhi Laju Reaksi Kelas Xi Sma Negeri 4 Sidoarjo
	Sinta 4
	UNESA Journal of Chemical Education

	A3
	Zahrah et al. (2017)
	Penerapan Praktikum Dengan Model Problem Based Learning
(PBL) Pada Materi Laju Reaksi Di Sma Negeri 1
Lembah Selawah
	Sinta 2
	Jurnal Pendidikan Sains Indonesia

	A4
	Hapiziah et al. (2015)
	Pengembangan Bahan Ajar Kimia Materi Laju Reaksi Berbasis STEM Problem-Based Learning Kelas Xisma Negeri 1 Indralaya Utara
	Sinta 4
	Jurnal Penelitian Pendidikan Kimia

	A5
	Carisma & Novita (2017)
	Penerapan Model Pembelajaran Berbasis Masalah Untuk Melatihkan Keterampilan Berpikir Kritis Pada Materi Pokok Laju Reaksi Kelas Xi Di Sma Negeri 1 Manyar Gresik
	Sinta 4
	UNESA Journal of Chemical Education

	A6
	Pane & Sugiharti (2022)
	Penggunaan Bahan Ajar Berbasis Masalah terhadap Peningkatan Hasil Belajar dan Motivasi Siswa pada Materi Laju Reaksi
	Sinta 3
	Jurnal Teknologi Pendidikan: Jurnal Penelitian dan Pengembangan Pembelajaran

	A7
	Dakabesi & Luoise (2019)
	The effect of problem based learning model on critical thinking skills in the context of chemical reaction rate
	Sinta 1
	Journal of Education and Learning (EduLearn)

	A8
	Harahap & Simorangkir (2024)
	Differences in Learning Outcomes and Critical Thinking Ability of Students Taught Using Learning Video Media and PowerPoint with Problem Based Learning Model on Reaction Rate Material
	Sinta 4
	Jurnal Pendidikan dan Pembelajaran Kimia

	A9
	Silaban et al. (2021)
	Efektivitas Model Problem Based Learning Bermediakan Lembar Kerja Peserta Didik Terhadap Hasil Belajar Kimia Dan Kemampuan Berpikir Kritis Peserta Didik SMA
	Sinta 4
	Jurnal Ilmu Pendidikan Indonesia

	A10
	Aritonang & Zubir (2022)
	Perbedaan hasil belajar dan motivasi belajar siswa dengan menggunakan model PBL dan pembelajaran konvensional berbantuan media ispring pada materi laju reaksi
	Sinta 3
	Educenter: Jurnal Ilmiah Pendidikan

	A11
	Saragi & Dalimunthe (2022)
	Pengaruh model pembelajaran problem based learning dengan menggunakan powerpoint terhadap hasil dan minat belajar siswa pada materi laju reaksi di kelas XI SMA
	Sinta 3
	Educenter: Jurnal Ilmiah Pendidikan

	A12
	Utami et al. (2019)
	Pengaruh Model Pembelajaran Problem Based Learning(Pbl) Terhadap Hasil Belajar Kognitif Peserta Didik Kelas Xi Smknegeri 02 Manokwari(Studi Pada Materi Pokok konsep laju Reaksi)
	Sinta 5
	Arfak Chem: Chemistry Education Journal

	A13
	Ningsih & Pulungan. (2024)
	Penerapan Model Pembelajaran Problem Based Learning (PBL) Berbantuan Media Macromedia Flash terhadap Aktivitas Belajar dan Hasil Belajar Siswa SMA pada Materi Laju Reaksi 
	Sinta 3
	Jurnal Pendidikan Kimia

	A14
	Basit et al. (2023)
	Pengaruh model problem based learning berbasis etnosains terhadap hasil belajar siswa pada materi laju reaksi
	Sinta 4
	SPIN JURNAL KIMIA & PENDIDIKAN KIMIA

	A15
	Siregar et al. (2024)
	Implementation of Problem Based Learning (PBL) Electronic Module Teaching Materials to Increase Student Interest and Learning Outcomes in Reaction Rate Material
	Sinta 4
	Jurnal Pendidikan dan Pembelajaran Kimia

	A16
	Fareza et al. (2024)
	Problem-Based Learning Model on Students' Chemical Literacy and Critical Thinking on Reaction Rate Material
	Sinta 2
	Jurnal Pendidikan Indonesia

	A17
	Abram et al. (2023)
	Penerapan model pembelajaran problem based learning terhadap hasil belajar siswa pada materi laju reaksi kelas XI di SMA Negeri 6 Palu
	Sinta 4
	Jurnal Media Eksakta

	A18
	Sitinjak & Siregar (2024)
	Penerapan Model Problem Based Learning Berbantuan Media Interaktif iSpring Presenter terhadap Hasil dan Motivasi Belajar Siswa pada Materi Laju Reaksi

	Sinta 3
	Jurnal Pendidikan Kimia

	A19
	Maharani & Muna (2024)
	Pengaruh Penerapan Model Problem Based Learning terhadap Keterampilan Berpikir Ilmiah dan Hasil Belajar Siswa
	Sinta 4
	AL KAWNU: SCIENCE AND LOCAL WISDOM JOURNAL

	A20
	Rusmansyah et al. (2024)
	Development of E-Modules of Reaction Rate Problem-Based Learning Model to Improve Students' Critical Thinking Skills and Wasaka Character

	Sinta 2
	Educhemia: Jurnal Kimia dan Pendidikan

	A21
	Hatami et al. (2023)
	Pengaruh Model Pembelajaran Problem Based Learning Berbantuan Media Roda Putar Terhadap Kemampuan Berpikir Kritis Siswa Pada Materi Laju Reaksi Di Sma Negeri 1 Labuhan Haji

	Sinta 4
	SPIN JURNAL KIMIA & PENDIDIKAN KIMIA

	A22
	Wihardjo et al. (2023)
	Exploring Critical Thinking in Environmental Education: A PBL Approach to Reaction Rate Material at Public Senior High Schools in Indonesia
	Q4
	International Journal of Environmental Sciences

	A23
	Paristiowati et al. (2019)

	Implementation of Problem-based Learning – Flipped Classroom Model in Chemistry and Its Effect on Scientific Literacy
	Q4
	Universal Journal of Educational Research

	A24
	Widarti et al. (2024)
	Instagram-Based Learning Media: Improving Student Motivation And Learning Outcomes In Reaction Rate
	Q4
	International Journal of Environmental Sciences



















Appendix C. PBL Strategies/Media
	Code
	PBL strategy/media
	Impact on students
	Evaluation method

	A1
	LKPD Problem based
	Critical thinking
	Essay test and  questionnaire

	A2
	LKS Problem based
	Critical thinking and learning outcomes
	Essay test

	A3
	PBL with practical methods, LKS practicum
	Critical thinking
	Multiple choice test

	A4
	STEM-based PBL practicum, STEM-based teaching materials
	Learning outcomes
	Test

	A5
	LKS Problem based
	Critical thinking and learning outcomes
	Essay test

	A6
	Problem-based teaching materials
	Learning outcomes and  learning motivation 
	Multiple choice test

	A7
	LKPD Problem based
	Critical thinking 
	Essay test

	A8
	Video assisted PBL model
	Critical thinking and learning outcomes
	Essay test (critical) and multiple choice test (learning outcomes)

	A9
	LKPD Problem based
	Critical thinking and learning outcomes
	Multiple choice test 

	A10
	Ispring assisted PBL model
	Learning outcomes and learning  motivation
	Multiple choice test (learning outcomes) and questionnaire (learning motivation)

	A11
	Powerpoint assisted PBL model
	Learning outcomes and interest
	Test

	A12
	LKPD assisted PBL model
	Learning outcomes
	Multiple choice test

	A13
	Macromedia flash assisted PBL model
	Learning outcomes
	Test

	A14
	LKPD assisted PBL model
	Learning outcomes
	Essay test

	A15
	E-modul assisted PBL model
	Interest and learning outcomes
	Multiple choice test (learning outcomes) and questionnaire (interest)

	A16
	PhET assisted PBL model
	Critical thinking
	Essay test

	A17
	LKPD assisted PBL model
	Learning outcomes
	Multiple choice test

	A18
	Interactive media assisted PBL model Ispring presenter
	Learning outcomes and learning motivation
	Multiple choice test (learning outcomes) and questionnaire (motivation)

	A19
	PBL model
	Learning outcomes
	Tes pilihan ganda

	A20
	E-modul assisted PBL model
	Critical thinking
	Test

	A21
	Media assisted PBL model with rotating wheels
	Critical thinking
	Essay test

	A22
	Environmentally based PBL model
	Critical thinking
	Essay test

	A23
	Flipped classroom assisted PBL model
	Critical thinking
	Test

	A24
	Instagram assisted PBL model
	Learning outcomes and learning motivation
	Multiple choice test (learning outcomes) and questionnaire (motivation)



	Media
	Frequency
	Percentage

	LKPD/LKS
	9
	37.5%

	Teaching materials
	2
	8.33%

	E-modul
	
	

	Ispring
	
	

	PBL without specific media
	
	

	Video
	1
	4.17%

	Flipped classroom
	
	

	Powerpoint
	
	

	Rotating wheel
	
	

	Macromedia flash
	
	

	PhET
	
	

	Instagram
	
	




























Appendix D. The Effect of PBL on Critical Thinking, Learning Outcomes, and Learning Motivation
	Code
	Main findings
	Evidence of influence

	A1
	PBL improves critical thinking skills
	Questionnaire: 82.95% vs. 73.43%; Essay test: 79.42% vs. 58.02%; t = 6.83 > 2.04

	A2
	Improve critical thinking skills and learning outcomes.
	Critical N-gain of 0.7 in the high category, 100% learning completion.

	A3
	Improve critical thinking skills
	The average critical score increased from 4.50 to 7.10.

	A4
	PBL teaching materials are valid, practical, and effective in improving learning outcomes.
	Average validity of 0.4 (valid), practicality percentage of 80.68% (very practical), and N-gain result of 0.76 (very effective).

	A5
	Improve critical thinking skills and learning outcomes.
	Most indicators show high critical thinking skills, with 87.5% of students achieving mastery learning.

	A6
	[bookmark: _Hlk201515881]Improved learning outcomes and motivation to learn.
	The learning outcome score for the post-test increased from 54.83 to 77.83, with an average student motivation percentage of 76.04% (high).

	A7
	Experimental PBL classes improve critical thinking skills
	Cohen's d value (d = 0.42) shows that the experimental class has a significant effect on critical thinking skills.

	A8
	Video-assisted PBL improves critical thinking and learning outcomes more than using PowerPoint
	The average critical scores for Experiment I (77.67) and Experiment II (69.87); learning outcomes for Experiment I (89.67) and Experiment II (85.33), with a correlation of r = 0.837.

	A9
	PBL with LKS media improves critical thinking skills and learning outcomes.
	The N-gain percentage is 79%.

	A10
	Significant differences in learning outcomes and motivation.
	The average learning outcome score for the experimental class was higher by 85 and learning motivation by 66.697. The Pearson correlation was 0.260, indicating a weak correlation.

	A11
	PowerPoint assisted PBL is superior to conventional learning in terms of learning outcomes and interest.
	The N-gain value for learning outcomes was 68% and interest was 11%.

	A12
	Improve learning outcomes
	PBL has a 30% impact on learning outcomes.

	A13
	PBL assisted by Macromedia Flash improves student learning outcomes.
	The calculated value is 4.43 > the table value of 1.70, so H0 is rejected and Ha is accepted.

	A14
	Ethnoscience based PBL has a significant impact.
	Sig. (2-tailed) = 0,002 < 0,05


	A15
	PBL  assisted by e-modules improves learning outcomes.
	The average increase in learning outcomes for the experimental class was 0.71, while for the control class it was 0.478.

	A16
	PBL assisted by PhET significantly improves critical thinking
	The Kruskal-Wallis test is significant.

	A17
	Improve learning outcomes
	N-gain learning outcome of 0.66, categorized as moderate.

	A18
	PBL assisted by an iSpring presenter is more effective in improving learning outcomes and motivation.
	The learning outcome percentage was 71.7 (high), and motivation was 85 (very high).

	A19
	PBL has a significant impact on learning outcomes.
	The average post-test score for the experimental group (80.86) was higher than that for the control group (66.36), with an F value of 30.054 and a significance level of 0.000.

	A20
	PBL e-modules are valid, practical, and enhance critical thinking skills.
	The e-module was found to be highly valid (4.85), highly practical (92.75), and effective in improving critical thinking skills (N-Gain 0.78).

	A21
	PBL rotating media improves critical thinking skills.
	N-gain berpikir kritis sebesar 0.65 (cukup efektif).

	A22
	Environmental based PBL improved students' critical thinking skills to a moderate category
	The average percentage of critical thinking was between 52-68% for each indicator.

	A23
	PBL Flipped is effective for highly critical learners
	Significant interaction between skills and model.

	A24
	PBL Instagram improves learning outcomes.
	N-gain of 0.71 is considered high.



















