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ABSTRAK 

Penelitian ini bertujuan untuk memperoleh gambaran tentang bagaimana penerapan 

model Problem Based Learning berbantuan Mind Map (PBL-MM) dapat 

meningkatkan kemampuan berpikir sistem dan regulasi metakognitif peserta didik 

pada isu energi alternatif. Latar belakang penelitian ini didasari oleh rendahnya 

kemampuan berpikir sistem dan regulasi metakognitif peserta didik, khususnya 

dalam memahami permasalahan kompleks yang bersifat multidisipliner. Metode 

yang digunakan adalah kuasi eksperimen dengan desain Pretest-Posttest 

Nonequivalent Control Group Design. Sampel penelitian terdiri dari 60 peserta 

didik kelas X SMA di Kabupaten Bandung Barat yang dibagi menjadi kelas 

eksperimen (PBL-MM) dan kelas kontrol (PBL), masing-masing 30 orang. 

Instrumen penelitian berupa tes esai kemampuan berpikir sistem dan kuesioner 

regulasi metakognitif yang telah divalidasi secara isi, konstruk, dan bahasa, serta 

diuji reliabilitasnya. Hasil penelitian menunjukkan bahwa penerapan Problem 

Based Learning berbantuan Mind Map (PBL-MM) efektif dalam meningkatkan 

kemampuan berpikir sistem dan regulasi metakognitif peserta didik pada 

pembelajaran isu energi alternatif. PBL-MM terbukti lebih optimal dibandingkan 

PBL tanpa mind map, khususnya dalam membantu peserta didik mengorganisasi 

informasi yang kompleks dan melihat keterkaitan antar komponen sistem energi 

secara lebih menyeluruh. Temuan ini merekomendasikan penerapan PBL-MM 

sebagai model pembelajaran untuk mengembangkan kemampuan berpikir sistem 

dan regulasi metakognitif metakognitif di sekolah menengah. 

Kata kunci: Problem Based Learning, Mind Map, Kemampuan Kerpikir Sistem, 

Regulasi Metakognitif, Energi Alternatif. 
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ABSTRACT 

 

This study aims to obtain an overview of how the application of the Problem Based 

Learning model assisted by Mind Maps (PBL-MM) can improve students' systems 

thinking and metacognitive regulation skills on alternative energy issues. The study 

was motivated by the low levels of students’ systems thinking and metacognitive 

regulation abilities, particularly in understanding complex, multidisciplinary 

problems. The research employed a quasi-experimental method with a Pretest–

Posttest Nonequivalent Control Group Design. The sample consisted of 60 tenth-

grade students from a senior high school in West Bandung Regency, divided into 

an experimental class (PBL-MM) and a control class (PBL), with 30 students in 

each group. The research instruments comprised an essay test for systems thinking 

skills and a metacognitive regulation questionnaire, both validated for content, 

construct, and language, and tested for reliability. The results of the study indicate 

that the implementation of Problem Based Learning assisted by Mind Maps (PBL-

MM) is effective in improving students' systems thinking skills and metacognitive 

regulation in learning about alternative energy issues. PBL-MM proved to be more 

optimal than PBL without mind maps, especially in helping students organize 

complex information and see the relationships between energy system components 

more comprehensively. These findings recommend the application of PBL-MM as 

an instructional model to develop systems thinking skills and metacognitive 

regulation in secondary education. 

 

Keywords: Problem Based Learning, Mind Map, Systems Thinking Skills, 

Metacognitive Regulation, Alternative Energy. 

 

 

  

mailto:ihsanhijriaputra@upi.edu


 

viii 

DAFTAR ISI 

  

LEMBAR PENGESAHAN TESIS ........................................................................... i 

LEMBAR PERNYATAAN .................................................................................... ii 

KATA PENGANTAR ........................................................................................... iii 

UCAPAN TERIMA KASIH ................................................................................... iv 

ABSTRAK .............................................................................................................. vi 

ABSTRACT .......................................................................................................... vii 

DAFTAR ISI ........................................................................................................ viii 

DAFTAR TABEL .................................................................................................... x 

DAFTAR GAMBAR .............................................................................................. xi 

DAFTAR LAMPIRAN ......................................................................................... xii 

BAB I PENDAHULUAN ........................................................................................ 1 

1.1 Latar Belakang ......................................................................................... 1 

1.2 Rumusan Masalah .................................................................................. 11 

1.3 Pertanyaan Penelitian ............................................................................. 12 

1.4 Tujuan Penelitian ................................................................................... 12 

1.5 Definisi Operasional .............................................................................. 12 

1.6 Manfaat Penelitian ................................................................................. 14 

BAB II TINJAUAN PUSTAKA ............................................................................ 15 

2.1 Kemampuan Berpikir Sistem ................................................................. 15 

2.2 Regulasi Metakognitif ............................................................................ 18 

2.3 Model Problem Based Learning ............................................................ 22 

2.4 Mind Map ............................................................................................... 25 

2.5 Model Problem Based Learning Berbantuan Mind Map (PBL-MM) .... 27 

2.6 Hubungan Kemampuan Berpikir Sistem dan Regulasi Metakognitif .... 30 

2.7 Hubungan antara Model PBL, Mind Map, Kemampuan Berpikir Sistem 

dan Regulasi Metakognitif ................................................................................. 31 

2.8 Isu Energi Alternatif ............................................................................... 37 

2.9 Kerangka Berpikir .................................................................................. 41 

BAB III METODE PENELITIAN ........................................................................ 45 

3.1 Metode dan Desain ................................................................................. 45 

3.2 Partisipan ................................................................................................ 46 

3.3 Instrumen Penelitian .............................................................................. 46 



 

ix 

3.4 Prosedur Penelitian ................................................................................ 58 

3.5 Analisis Data .......................................................................................... 60 

BAB IV HASIL PENELITIAN ............................................................................. 65 

4.1 Peningkatan Kemampuan Berpikir Sistem ............................................ 65 

4.2 Peningkatan Regulasi Metakognitif ....................................................... 70 

4.3 Hubungan Kemampuan Berpikir Sistem dan Regulasi Metakognitif .... 74 

BAB V PEMBAHASAN ....................................................................................... 76 

5.1 Peningkatan Kemampuan Berpikir Sistem ............................................ 76 

5.2 Peningkatan Regulasi Metakognitif ....................................................... 87 

5.3 Hubungan Kemampuan Berpikir Sistem dan Regulasi Metakognitif .... 94 

BAB VI SIMPULAN, IMPLIKASI DAN REKOMENDASI ............................... 97 

6.1 Simpulan ................................................................................................ 97 

6.2 Implikasi ................................................................................................. 98 

6.3 Rekomendasi .......................................................................................... 98 

DAFTAR PUSTAKA .......................................................................................... 100 

LAMPIRAN ......................................................................................................... 111 

 

 

  



 

x 

DAFTAR TABEL 

 

Tabel 2.1 Indikator Kemampuan Berpikir Sistem .................................................16 

Tabel 2.2 Pembagian Pengetahuan Metakognitif...................................................19 

Tabel 2.3 Indikator Regulasi Metakogntif .............................................................20 

Tabel 2.4 Sintaks Model PBL ................................................................................23 

Tabel 2.5 Integrasi Mind Map pada model PBL ....................................................28 

Tabel 2.6 Matriks hubungan Model PBL, Mind Map, Pengalaman Belajar 

Kemampuan Berpikir Sistem dan Regulasi Metakognitif .....................................31 

Tabel 3.1 Instrumen pada setiap Variabel Penelitian .............................................46 

Tabel 3.2 Skor Tanggapan Validator .....................................................................48 

Tabel 3.3 Kriteria CVR ..........................................................................................49 

Tabel 3.4 Kriteria CVI ...........................................................................................49 

Tabel 3.5 Kisi-kisi Tes Kemampuan Berpikir Sistem ...........................................50 

Tabel 3.6 Hasil Perhitungan CVR Soal Tes Kemampuan Berpikir Sistem ...........50 

Tabel 3.7 Hasil Perhitungan CVI Soal Tes Kemampuan Berpikir Sistem ............51 

Tabel 3.8 Saran Perbaikan dari Validator untuk Soal Tes Kemampuan Berpikir 

Sistem .....................................................................................................................51 

Tabel 3.9 Kisi-kisi Instrumen Regulasi Metakognitif ............................................54 

Tabel 3.10 Hasil Perhitungan CVR Kuesioner Regulasi Metakognitif .................55 

Tabel 3.11 Hasil Perhitungan CVI Kuesioner Regulasi Metakognitif ...................56 

Tabel 3.12 Saran Perbaikan dari Validator untuk Kuesioner Regulasi Metakognitif

 ................................................................................................................................56 

Tabel 3.13Teknik Analisis Data pada Setiap Pertanyaan Penelitian .....................60 

Tabel 3.14 Kategori NGain ....................................................................................61 

Tabel 3.15 Kategori perubahan tingkat keterampilan siswa (LVP) .......................63 

Tabel 3.16 Kategori Koefisien Korelasi.................................................................64 

Tabel 4.1 Skor Minimum, Skor Maksimum, dan Skor Rata-rata Pre-test Post-test 

Kelas Eksperimen dan Kelas Kontrol ....................................................................65 

Tabel 4.2 Perbandingan Jumlah Peserta Didik Berdasarkan Kategori N-Gain pada 

Kelas Eksperimen dan Kelas Kontrol ....................................................................68 

Tabel 4.3 Peningkatan Kemampuan Berpikir Sistem Berdasarkan Indikator........68 

Tabel 4.4 Skor Minimum, Skor Maksimum, dan Skor Rata-rata Pre-test Post-test 

Kelas Eksperimen dan Kelas Kontrol ....................................................................70 

Tabel 4.5 Kategori Peningkatan RM Pada Kelas Eksperimen dan Kontrol ..........71 

Tabel 4.6 Peningkatan Regulasi Metakognitif Kelas Eksperimen .........................71 

Tabel 4.7 Peningkatan Regulasi Metakognitif Kelas Kontrol ...............................72 

Tabel 4.8 Hasil Uji Spearman ................................................................................75 

Tabel 5.1 Perbandingan Jawaban Peserta Didik di Setiap Indikator .....................80 

  



 

xi 

DAFTAR GAMBAR 

 

Gambar 1.1 Profil Kemampuan Berpikir Sistem Peserta Didik ..............................6 

Gambar 1.2 Profil Regulasi Metakognitif Peserta Didik .........................................8 

Gambar 2.1 Posisi pemikiran sistem dalam Pemikiran Tingkat Tinggi (Richmond, 

1993 dalam Meilinda, 2018) ..................................................................................15 

Gambar 2.2 Kerangka Berpikir ..............................................................................44 

Gambar 3.1 Desain Penelitian Pretest-Post-test Nonequivalent Control-Groups 

Design ....................................................................................................................45 

Gambar 3.2 Output Summary Statistics Instrumen Kemampuan Berpikir Sistem 52 

Gambar 3.3 Output Summary Statistics Instrumen Regulasi Metakognitif ...........57 

Gambar 3.4 Prosedur Penelitian .............................................................................59 

Gambar 4.1 Kategori N-Gain Kemampuan Berpikir Sistem Kelas Eksperimen ...66 

Gambar 4.2 Kategori N-Gain Kemampuan Berpikir Sistem Kelas Kontrol ..........67 

Gambar 4.3 Grafik Perbandingan Kategori Peningkatan RM ...............................74 

Gambar 5.1 Wright Map Regulasi Metakognitif Kelas Eksperimen .....................88 

Gambar 5.2 Wright Map Regulasi Metakognitif Kelas Kontrol ............................91 

 

  



 

xii 

DAFTAR LAMPIRAN 

 

Lampiran 1. Lembar Keterlaksanaan Model ........................................................111 

Lampiran 2. Instrumen Tes Kemampuan Berpikir Sistem...................................136 

Lampiran 3. Instrumen Kuesioner Regulasi Metakognitif ...................................137 

Lampiran 4. Skor Kemampuan Berpikir Sistem Peserta Didik ...........................140 

Lampiran 5. Data Regulasi Metakognitif .............................................................146 

Lampiran 6. Mind Map dari Peserta Didik...........................................................150 

Lampiran 7. Dokumentasi Kegiatan ....................................................................152 

 

 

 

 

 



 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA 

 

Aaron, J., McKim., Robert, Bud, McKendree. (2020). 4. Metacognition, systems 

thinking, and problem-solving ability in school-based agriculture, food, and 

natural resources education.   doi: 10.37433/AAD.V1I1.21 

Acikgoz, C. (2011). Renewable energy education in Turkey. Renewable Energy, 

36(2), 608-611. 

Adi, A.D. (2024). https://www.esdm.go.id/id/media-center/arsip-berita/konsumsi-

listrik-masyarakat-meningkat-tahun-2023-capai-1285-kwh-kapita 

Akanbi, A. O., Kolawole, E. B., & Popoola, A. A. (2021). Effect of mind mapping 

instructional strategy on students’ retention in physics in senior secondary 

schools. Anatolian Journal of Education, 6(1), 43–54. 

Akdon, Riduwan. (2012). Rumus dan Data dalam Aplikasi Statistika. Bandung: 

Alfabeta. 

Anadon, L. D., Chan, G., Harley, A. G., Matus, K., Moon, S., Murthy, S. L., & 

Clark, W. C. (2016). Making technological innovation work for sustainable 

development. Proceedings of the National Academy of Sciences, 113(35), 

9682-9690. 

Andrew, J., Knight. (2023). 2. Alternative Energy [President’s Message]. IEEE 

Industry Applications Magazine, doi: 10.1109/mias.2022.3226854 

Archana, Talhar, Belge., Sangeeta, Mishra., S.S., Alegavi. (2022). 4. A Review on 

Alternative Energy Sources.   doi: 10.1109/ICAST55766.2022.10039637 

Arends, R. I. (2012). Learning to teach ninth edition (9th ed.). New Britain, USA: 

Library of Congress Cataloging. 

Arikunto, Suharsimi, 2005. Prosedur Penelitian Suatu Pendekatan Praktek. Jakarta: 

PT Rineka Cipta 

Arnold, R. D., & Wade, J. P. (2015). A definition of systems thinking: A systems 

approach. Procedia Computer Science, 44, 669-678. 

Artzt, A. F., & Armour-Thomas, E. (1992). Development of a cognitive-

metacognitive framework for protocol analysis of mathematical problem 

solving in small groups. Cognition and Instruction, 9, 137-175. 

Assaraf, O. B. Z., & Orion, N. (2005). Development of system thinking skills in the 

context of earth system education. Journal of Research in Science Teaching, 

42(5), 518-560. 

Backer, L.D. dkk. (2011). Exploring the potential impact of reciprocal peer tutoring 

on higher education students’ metacognitive knowledge and regulation. 

Springer Science, 40, 559-588. 

Baker, L. (1989). Metacognition, comprehension monitoring, and the adult reader. 

Educational Psychology Review, 1, 3-38. 

Ben-Zvi Assaraf, O., & Orion, N. (2010). System thinking skills at the elementary 

school level. Journal of Research in Science Teaching, 47(5), 540-563. 

Booth Sweeney L, Sterman J. 2000. Bathtub dynamics: initial results of a systems 

thinking inventory. System Dynamics Review 16(4): 249–286. 

Booth Sweeney, L. (2012). Learning to Connect the Dots: Developing Children's 

Systems Literacy. Solutions, 3(5), 55-62. 



101 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Booth Sweeney, L., & Sterman, J. D. (2007). Thinking about systems: Student and 

teacher conceptions of natural and social systems. System Dynamics 

Review, 23(2‐3), 285-312. 

Bozkurt, N., & Bozkurt, Ö. (2019). Promoting systems thinking using project- and 

problem-based approaches. Journal of Chemical Education, 96(12), 2909–

2915. 

BP. (2020). BP Energy Outlook 2020 Edition. 

Bressington, D. T., Wong, W., Lam, K. K. C., & Chien, W. T. (2018). Concept 

mapping to promote meaningful learning, help relate theory to practice and 

improve learning self-efficacy in Asian mental health nursing students: A 

mixed-methods pilot study. Nurse Education Today, 60, 47–55. 

https://doi.org/10.1016/j.nedt.2017.09.019 

Brown, A. (1987). Metacognition, executive control, self-regulation, and other 

more mysterious mechanisms. In F. Weinert & R. Kluwe (Eds.). 

Metacognition, motivation, and understanding (pp. 65-116). Hillsdale, NJ: 

Erlbaum. 

Buzan, T. (2013). Buku Pintar Mind Mapp. Jakarta: Gramedia Pustaka Utama. 

Cash, D. W., Adger, W. N., Berkes, F., Garden, P., Lebel, L., Olsson, P., ... & 

Young, O. (2006). Scale and cross-scale dynamics: governance and 

information in a multilevel world. Ecology and Society, 11(2). 

Chengxin, Ding. (2023). 1. The Influences of Mind-Map on Cultivating Students' 

Metacognitive Capacity. Lecture Notes in Education Psychology and Public 

Media, doi: 10.54254/2753-7048/22/20230244 

Chu, S., & Majumdar, A. (2012). Opportunities and challenges for a sustainable 

energy future. Nature, 488(7411), 294-303. 

Cook, T. D. (1979). Quasi Experimentation Design& Analysis Issues For Field 

Setting. Boston: Houghton Mifflin Company. 

Creswell, J., & Guetterman, T. (2019). Educational Research: Planning, 

Conducting, and Evaluating Quantitative and Qualitative Research, 6th 

Edition. 

Dignath, C., & Büttner, G. (2008). Components of fostering self-regulated learning 

among students. A meta-analysis on intervention studies at the primary and 

secondary school level. Metacognition and Learning, 3(3), 231–264. 

https://doi.org/10.1007/s11409-008-9029-x 

Dinsmore, D. L., Alexander, P. A., & Loughlin, S. M. (2008). Focusing the 

conceptual lens on metacognition, self-regulation, and self-regulated 

learning. Educational Psychology Review, 20(4), 391–409. 

https://doi.org/10.1007/s10648-008-9083-6 

Dörner D. 1980. On the difficulties people have in dealing with complexity. 

Simulations and Games 11(1): 87–106. 

Dunlosky, J., & Metcalfe, J. (2009). Metacognition. Sage Publications. 

Dyah, Astriani., Herawati, Susilo., Hadi, Suwono., Betty, Lukiati., Aris, Rudi, 

Purnomo. (2020). 3. Mind Mapping in Learning Models: A Tool to Improve 

Student Metacognitive Skills. International Journal of Emerging 

Technologies in Learning (ijet),  doi: 10.3991/IJET.V15I06.12657 



102 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Education Endowment Foundation. (2018). Metacognition and self-regulated 

learning: Guidance report. London: EEF. 

Efklides, A. (2008). Metacognition: Defining its facets and levels of functioning in 

relation to self-regulation and co-regulation. European Psychologist, 13(4), 

277–287. https://doi.org/10.1027/1016-9040.13.4.277 

Encyclopaedia Britannica. (2024). Energy (encyclopaedia entry). Encyclopaedia 

Britannica. Retrieved from https://www.britannica.com/science/energy 

Euis, Erlin., Adi, Rahmat., Widi, Purwianingsih. (2024). 1. Metacognitive self 

regulation integrated with science technology society to improving problem 

solving ability in microbiology courses. Biosfer (Jakarta), doi: 

10.21009/biosferjpb.38102 

Evie, Turner-Walker. (2016). 5. The Application of Metacognition to Business 

Decision Making.    

F. Schrader, A. Kamolidinov, M. Bekchanov, M. Laldjebaev, and S. Tsani, 

“Hydropower,” in The Aral Sea Basin: Water for Sustainable Development 

in Central Asia, 2019. 

Feriver, S., Olgan, R., Teksöz, G., & Barth, M. (2019). Systems thinking skills of 

preschool children in early childhood education contexts from Turkey and 

Germany. Sustainability, 11(5), 1478. https://doi.org/10.3390/su11051478 

Flavell, J. H. (1987). Speculations about the nature and development of 

metacognition. In F. Weinert & R. Kluwe (Eds.). Metacognition, 

motivation, and understanding (pp. 21-29). Hillsdale, NJ: Erlbaum. 

Forrester, J. W. (1971). Counterintuitive behavior of social systems. Theory and 

Decision, 2(2), 109-140. 

Forrester, J. W. (2009). Learning through system dynamics as preparation for the 

21st century. System Dynamics Review, 25(1), 1-33. 

Gholami, K., Attaran, M., & Motallebzadeh, K. (2012). The relationship between 

metacognition and reading comprehension among Iranian EFL learners. 

Journal of Language Teaching and Research, 3(4), 693–699. 

https://doi.org/10.4304/jltr.3.4.693-699 

Gilbert, Exaudi, Hutauruk., Andri, Zainal., Sondang, Aida, Silalahi., Roza, Thohiri., 

Rini, Herliani. (2024). 1. Penerapan Model Problem Based Learning 

Berbantu Mind Mapping untuk Meningkatkan Keaktifan dan Hasil Belajar 

Jurnal Penyesuaian. Edukatif, doi: 10.31004/edukatif.v6i3.6870 

Halliday, D., Resnick, R., & Walker, J. (2013). Fundamentals of Physics (10th ed.). 

John Wiley & Sons. 

Hernandez, Sibo-Ingrid., Celis-David, A., Gomez., Shyh-Nan, Liou. (2018). 5. 

Systems Thinking: a paradigm for advancing technology to enhance 

humanity.   doi: 10.1109/ICOT.2018.8705910 

Heswandi, Muhali, & Raehanah. (2013). Pengaruh Model Contextual Teaching and 

Learning Terhadap Kesadaran Metakognisi Dan Hasil Belajar Peserta didik 

Pada Materi Larutan Penyangga. Jurnal Ilmiah Pendidikan Kimia Hidrogen, 

3 (1), 2338-6480. 

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students 

learn? Educational Psychology Review, 16(3), 235-266. 

https://www.britannica.com/science/energy


103 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Hmelo-Silver, C. E., & Pfeffer, M. G. (2004). Comparing expert and novice 

understanding of a complex system from the perspective of structures, 

behaviors, and functions. Cognitive Science, 28(1), 127-138. 

Hmelo-Silver, C. E., Marathe, S., & Liu, L. (2007). Fish swim, rocks sit, and lungs 

breathe: Expert‐novice understanding of complex systems. Journal of the 

Learning Sciences, 16(3), 307-331. 

Hollie, Smith., Jordan, W., Smith., Linda, Silka., Laura, Lindenfeld., Christine, 

Gilbert. (2016). 3. Media and policy in a complex adaptive system: Insights 

from wind energy legislation in the United States. Energy research and 

social science, doi: 10.1016/J.ERSS.2016.05.016 

Ilmiyah, L., Rohim, A., & Aini, K. N. (2024). Penerapan model Problem Based 

Learning (pbl) menggunakan media monika (monopoli aritmatika) untuk 

meningkatkan pemahaman konsep peserta didik. Hipotenusa. 

https://doi.org/10.36269/hjrme.v7i2.2637 

Indayanti, Y., Hidayat, H., Ramadhani, R., Nasution, A. E., & Utami, Y. (2024). 

Penerapan Model Problem Based Learning Untuk Meningkatkan 

Kemampuan Berpikir Kreatif Matematis Peserta didik Di SMA Negeri 2 

Medan. Journal on Education. https://doi.org/10.31004/joe.v7i1.6970 

International Energy Agency. (2019). World Energy Outlook 2019. IEA. 

https://www.iea.org/reports/world-energy-outlook-2019 

IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working 

Groups I, II and III to the Fifth Assessment Report of the Intergovernmental 

Panel on Climate Change. 

IRENA. (2020). Renewable Energy and Jobs – Annual Review 2020. International 

Renewable Energy Agency. 

IRENA. (2021). World Energy Transitions Outlook: 1.5°C Pathway. International 

Renewable Energy Agency. 

J. L. Renner and M. J. Reed, “Geothermal energy,” in Energy Conversion, Second 

Edition, 2017. 

Jacobs, J. E., & Paris, S. G. (1987). Children’s metacognition about reading: Issues 

in definition, measurement, and instruction. Educational Pyschologist, 22, 

225-278. 

Jacobson, M. J. (2001). Problem solving, cognition, and complex systems: 

Differences between experts and novices. Complexity, 6(3), 41-49. 

Jacobson, M. J., & Wilensky, U. (2006). Complex systems in education: Scientific 

and educational importance and implications for the learning sciences. 

Journal of the Learning Sciences, 15(1), 11-34. 

Jana, Lippelt., Maximilian, Sindram. (2011). 1. Global Energy Consumption.    

Jennings, P. (2009). New directions in renewable energy education. Renewable 

Energy, 34(2), 435-439. 

Jeronen, E., Palmberg, I., & Tli-Panula, E. (2016). Teaching methods in biology 

education and sustainability education including outdoor education for 

promoting sustainability-A literature review. Education Sciences, 7(1), 1–

19. https://doi.org/10.3390/educsci7010001 

José, Antonio, Rubio, González. (2024). 3. Definición de energía.   doi: 

10.61728/ae24310079 

https://www.iea.org/reports/world-energy-outlook-2019


104 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Kahn, M. E. (2020). The role of education in promoting renewable energy and 

sustainable development. Journal of Cleaner Production, 277, 123994. 

Kamble, S., & Jagtap, S. (2023). Use of Concept Mapping as a tool for Education 

field. https://doi.org/10.1109/icast59062.2023.10454945 

Keith, W., Thiede., Thomas, D., Griffin., Jennifer, Wiley., Joshua, S., Redford. 

(2009). 1. Metacognitive Monitoring During and After Reading.   doi: 

10.4324/9780203876428-15 

Kementerian Energi dan Sumber Daya Mineral Republik Indonesia. (2024, 15 

Januari). Konsumsi Listrik Masyarakat Meningkat, Tahun 2023 Capai 

1.285 kWh/kapita [Berita/Press release]. https://www.esdm.go.id/id/media-

center/arsip-berita/konsumsi-listrik-masyarakat-meningkat-tahun-2023-

capai-1285-kwh-kapita 

Kiryak, Z., & Çalik, M. (2018). Improving grade 7 students' conceptual 

understanding of energy through concept cartoons. Journal of Baltic Science 

Education, 17(1), 163-175. 

Lia, Sulistianah., Muhammad, Taufik., Ana, Nurhasanah. (2022). 4. Pengaruh 

model Problem Based Learning (pbl) terhadap peningkatan keterampilan 

berpikir kritis peserta didik di sekolah dasar. Pendas: jurnal ilmiah 

pendidikan dasar, doi: 10.23969/jp.v7i2.6801 

Liesje, De, Backer., Hilde, Van, Keer., Martin, Valcke. (2012). 2. Fostering 

University Students’ Metacognitive Regulation Through Peer Tutoring. 

Procedia - Social and Behavioral Sciences, doi: 

10.1016/J.SBSPRO.2012.12.104 

Liesje, De, Backer., Hilde, Van, Keer., Martin, Valcke. (2015). 1. Promoting 

university students’ metacognitive regulation through peer learning: the 

potential of reciprocal peer tutoring. Higher Education, doi: 

10.1007/S10734-014-9849-3 

Lippelt, J., & Sindram, M. (2011). Global energy consumption. CESifo Forum, 

12(1), 80–82. 

Liu, L., Vanides, J., Liu, J. J., Riss, M., Venkata, N. D., Vernica, R., & Wu, S. 

(2015). Concept map assessment. 

Lizzie, Santiago., Daniel, Kestering., Anika, Pirkey., D., Jake, Follmer. (2024). 1. 

Board 333: Metacognitive Intervention to Improve Problem-Solving Skills 

in First-Year Engineering Students.   doi: 10.18260/1-2--46914 

M. Guo, W. Song, and J. Buhain, “Bioenergy and biofuels: History, status, and 

perspective,” Renewable and Sustainable Energy Reviews. 2015, doi: 

10.1016/j.rser.2014.10.013. 

Mabel, Gonzales. (2020). 3. Becoming a Systems Thinker.   doi: 10.1007/978-981-

33-4558-4_2 

Markus, Wegewitz. (2023). 5. Efektivitas Problem Based Learning dalam 

meningkatkan kemampuan berpikir kritis pada peserta didik sd. doi: 

10.31219/osf.io/zdetm 

Matlock, S & Hetzel. (1997). Basic Concepts in Item and Test Analysis. Paper 

presented at the Annual Meeting of the Southwest Educational Research 

Association, Austin, January 1997. 

https://www.esdm.go.id/id/media-center/arsip-berita/konsumsi-listrik-masyarakat-meningkat-tahun-2023-capai-1285-kwh-kapita
https://www.esdm.go.id/id/media-center/arsip-berita/konsumsi-listrik-masyarakat-meningkat-tahun-2023-capai-1285-kwh-kapita
https://www.esdm.go.id/id/media-center/arsip-berita/konsumsi-listrik-masyarakat-meningkat-tahun-2023-capai-1285-kwh-kapita


105 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

McKim, A. J., & McKendree, R. B. (2020). Metacognition, systems thinking, and 

problem-solving ability in school-based agriculture, food, and natural 

resources education. https://doi.org/10.37433/AAD.V1I1.21 

Meadows, D. H. (2008). Thinking in Systems: A Primer. Chelsea Green Publishing. 

Meijer, J., Veenman, M. V. J., & van Hout-Wolters, B. (2006). Metacognitive 

activities in text-studying and problem-solving: Development of a 

taxonomy. Educational Research and Evaluation, 12(3), 209–237. 

https://doi.org/10.1080/13803610500479991 

Melde, G., R., Gilissen., Marie-Christine, P., J., Knippels., Wouter, R., van, 

Joolingen. (2020). 2. Bringing systems thinking into the classroom. 

International Journal of Science Education, doi: 

10.1080/09500693.2020.1755741 

Michael, Hogan., Christopher, P., Dwyer., Owen, Harney., Chris, Noone., Ronan, 

Conway. (2015). 1. Metacognitive Skill Development and Applied Systems 

Science: A Framework of Metacognitive Skills, Self-regulatory Functions 

and Real-World Applications.   doi: 10.1007/978-3-319-11062-2_4 

Michalko, M. (2001). Cracking creativity: the secrets of creative genius. 

Yogyakarta: Andi. 

Misbah, N., Gulikers, J., Dharma, S., & Mulder, M. (2021). Exploring teachers’ 

perceptions about metacognition to support students’ systems thinking. 

Journal of Biological Education, 55(2), 147–160. 

https://doi.org/10.1080/00219266.2019.1667400 

Mullins, J., Keane, L., & McLean, J. (2023). Assessing metacognitive regulation 

during problem solving: Insights from higher education learners. Frontiers 

in Education, 8, 1138124. 

Nagarajan, S., & Overton, T. (2019). Promoting Systems Thinking Using Project- 

and Problem-Based Learning. Journal of Chemical Education, 96(12), 

2742–2751. https://doi.org/10.1021/acs.jchemed.9b00358 

Neha, & Joon, R. (2021). Renewable Energy Sources: A Review. Journal of 

Physics: Conference Series, 1979(1), 012023. https://doi.org/10.1088/1742-

6596/1979/1/012023 

Nesbit, J. C., & Adesope, O. O. (2006). Learning with concept and knowledge 

maps: A meta-analysis. Review of Educational Research, 76(3), 413–448. 

Newell, B. (2012). Simple models, powerful ideas: Towards effective integrative 

practice. Global Environmental Change, 22(3), 776-783. 

Nuraeni, R., Setiono, Aliyah, H. (2020). Analisis Kemampuan Berpikir Sistem 

Peserta didik Kelas XI SMA pada Materi Sistem Pernapasan Manusia. 

Jurnal Pedagogi Hayati Vol. 4 No. 1. 

Nurfauziah, P., & Fitriani, N. (2019). Gender dan Resiliensi Matematis Peserta 

didik SMP dalam Pembelajaran Scientific Berbantuan VBA Excel. Jurnal 

Elemen, 5(1), 71-79. 

OECD. Embracing Innovation in Government: Global Trends 2018; OECD: Paris, 

France, 2018. 

Oehlmann, R. idiger. (2001). Metacognitive Adaptation: Regulating the Plan 

Transformation Process. 



106 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Oyman, N., & Bozkurt, E. (2023). Systems thinking in education: A bibliometric 

analysis. Journal of Science Education and Technology, 32(4), 543–559. 

Panchu, P., Bahuleyan, B., Seethalakshmi, K., & Thomas, T. (2016a). 

Metacognitive awareness- evaluation and implications in medical students. 

International Journal of Research in Medical Sciences, 4(8), 3570– 

3575.https://doi.org/10.18203/2320-6012.ijrms20162331 

Peng, M. Y. P., Lyu, T., Wu, J., & Chen, Z. (2023). The relationship between 

metacognition, need for cognition, and critical thinking: A moderated 

mediation model. Frontiers in Psychology, 14, 1272958. 

https://doi.org/10.3389/fpsyg.2023.1272958 

Pinandito, A., Prasetya, D. D., Hayashi, Y., & Hirashima, T. (2021). Semi-

Automatic Concept Map Generation Approach of Web-Based Kit-Build 

Concept Map Authoring Tool. International Journal of Interactive Mobile 

Technologies (Ijim). 

Pintrich, P. R. (2002). The Role of Metacognitive Knowledge in Learning, 

Teaching, and Assessing. Theory into Practice, 41(4), 219–225. 

Plate, R. (2010). Assessing individuals' understanding of nonlinear causal structures 

in complex systems. System Dynamics Review, 26(1), 19-33. 

Plate, R. (2010). Assessing individuals' understanding of nonlinear causal structures 

in complex systems. System Dynamics Review, 26(1), 19-33. 

Pratiwi, I. (2019). Efek Program PISA terhadap Kurikulum di Indonesia. Jurnal 

Pendidikan dan Kebudayaan, 4(1), 51-71. 

Purwanto., N. (2002). Prinsip-prinsip dan Teknik Evauasi Pengajaran. Bandung: 

Remaja Rosdakarya 

Puspitasari, R. D., Herlina, K., & Suyatna, A. (2019). A Need Analysis of STEM-

integrated Flipped Classroom E-module to Improve Critical Thinking 

Skills. Journal of Physics: Conference Series, 1155(1), 012067. 

Quantum Mechanics with Concept Maps. (2023). 

https://doi.org/10.1017/9781009234887 

Rahayu, S., Treagust, D. F., Chandrasegaran, A. L., Kita, M., & Ibnu, S. (2018). 

Assessment of electrochemical concepts: a comparative study involving 

senior high-school students in Indonesia and Japan. Research in Science & 

Technological Education, 36(4), 499-515. 

Ranga, Venkatachary., Muthu, Kumar. (2005). 1. Meta Cognition as a Means for 

Dialogue, Self Regulation and Learning. Journal on School Educational 

Technology, doi: 10.26634/JSCH.1.2.926 

Resi, A., Eko, S., Endang, S. (2021) Problem-based Learning: Apa dan Bagaimana. 

DIFFRACTION: Journal for Physics Education and Applied Physics. 

Pendidikan Fisika, Universitas Siliwangi, Indonesia. 

Retnawati, H., Djidu, H., Apino, E., Kartianom, K., Anazifa, R. D., & Kabeta, N. 

(2018). Teachers' knowledge about higher-order thinking skills and its 

learning strategy. Problems of Education in the 21st Century, 76(2), 215. 

Riadi., E. (2016). Statistika Penelitian Analisis Manual dan IBM SPSS. 

Yogyakarta: Andi 

Richmond, B. (1993). Systems thinking: critical thinking skills for the 1990s and 

beyond. System Dynamics Review, 9(2), 113-133. 



107 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Riduwan. (2015). Belajar Mudah Penelitian untuk Guru- Karyawan dan Peneliti 

Pemula. Bandung: Alfabeta. 

Rudiyanto, Rudiyanto., Nuris, Irmayanti., Sayati, Sayati., Sukron, Makmun, 

Makmun. (2022). 4. Pembelajaran PAI Berbasis Problem Based Learning 

di SMAN 1 Pamekasan. Ideas: Jurnal Pendidikan, Sosial dan Budaya, doi: 

10.32884/ideas.v8i3.846 

Ruslan, Moh. R. (2024). Penerapan Model Problem Based Learning dalam 

Pembelajaran Logika dan Ushul Fiqh. Jurnal Pengabdian Kepada 

Masyarakat. https://doi.org/10.58223/al-ridha.v1i2.199 

Sari, R. H. N., Sumarmi, S., & Astina, I. K. (2017). Penerapan model pembelajaran 

Problem Based Learning untuk meningkatkan kemampuan berpikir kritis 

dan hasil belajar geografi. Jurnal Pendidikan: Teori, Penelitian, dan 

Pengembangan, 2(10), 1356-1368. 

Savery, J. R. (2015). Overview of problem-based learning: Definitions and 

distinctions. In A. Walker, H. Leary, C. Hmelo-Silver, & P. Ertmer (Eds.), 

Essential readings in problem-based learning: Exploring and extending the 

legacy of Howard S. Barrows (pp. 5–15). Purdue University Press. 

Schnaubert, L. (2019). Providing cognitive and metacognitive awareness 

information to support regulation in individual and collaborative learning 

settings. https://doi.org/10.17185/DUEPUBLICO/70041 

Schraw, G & Dennison, R.S (1994). Assesing metacognitive awareness. 

Contempory Educational Psycology, 19 (1),460-475. 

Schraw, G., & Moshman, D. (1995). Metacognitive theories. Educational 

Psychology Review, 7(4), 351–371. https://doi.org/10.1007/BF02212307 

Schraw, G., Crippen, K. J., & Hartley, K. (2006). Promoting self-regulation in 

science education: Metacognition as part of a broader perspective on 

learning. Research in Science Education, 36(1-2), 111-139. 

Scoring Impressions and Associations for Improved Concept Map Excavating from 

Dominion Text Demonstration. (2023). 

https://doi.org/10.1109/icicacs57338.2023.10099958 

Senge, P. M. (1990). The Fifth Discipline: The Art and Practice of the Learning 

Organization. Doubleday/Currency. 

Senge, P. M., Cambron-McCabe, N., Lucas, T., Smith, B., & Dutton, J. (2012). 

Schools That Learn (Updated and Revised): A Fifth Discipline Fieldbook 

for Educators, Parents, and Everyone Who Cares About Education. Crown 

Business. 

Seraphin, K. D., Philippoff, J., Kaupp, L., & Vallin, L. M. (2012). Metacognition 

as means to increase the effectiveness of inquiry-based science education. 

Science Education International, 23(4), 366-382. 

Shafiee, S., & Topal, E. (2009). When will fossil fuel reserves be diminished? 

Energy Policy, 37(1), 181-189. 

Shiliang, Sun. (2022). 5. Alternative Energy: Future Energy.   doi: 

10.55674/snrujiti.v1i1.247008 

Shoimin, A. (2017). 68 Model Pembelajaran Inovatif dalam Kurikulum 2013. 

Yogyakarta: Ar-ruzz Media. 

https://doi.org/10.58223/al-ridha.v1i2.199


108 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Sihaloho, Sahyar, & Ginting. (2017). The Effect of Problem Based Learning (PBL) 

Model Toward Student’s Creative Thinking and Problem Solving Ability in 

Senior High School. IOSR Journal of Research & Method in Education, 

7(4), 11-18. 

Silistraru, N., & Vetrila, S. (2023). Metacognition as a component of intelligent 

behavior. Vector European: Revistă Ştiinţifico-Practică. 

https://doi.org/10.52507/2345-1106.2022-2.25 

Sofyani, N., Liviana, S., Ma’rifah, U., & Rokhmaniyah, R. (2024). Keefektifan 

Model Problem Based Learning dalam Pembelajaran Matematika di SD 

Negeri Arjowinangun. Jurnal Pedagogik Pendidikan Dasar. 

https://doi.org/10.17509/jppd.v11i1.65820 

Sovacool, B. K. (2014). What are we doing here? Analyzing fifteen years of energy 

scholarship and proposing a social science research agenda. Energy 

Research & Social Science, 1, 1-29. 

Sovacool, B. K., Heffron, R. J., McCauley, D., & Goldthau, A. (2016). Energy 

decisions reframed as justice and ethical concerns. Nature Energy, 1(5), 1-

6. 

Sterman, J. D. (1994). Learning in and about complex systems. System Dynamics 

Review, 10(2–3), 291–330. https://doi.org/10.1002/sdr.4260100214 

Sterman, J. D. (2000). Business Dynamics: Systems Thinking and Modeling for a 

Complex World. McGraw-Hill Education. 

Sterman, J. D. (2002). All models are wrong: reflections on becoming a systems 

scientist. System Dynamics Review, 18(4), 501-531. 

Sterman, J. D. (2008). Risk communication on climate: Mental models and mass 

balance. Science, 322(5901), 532-533. 

Sukmadinata, N. (2013). Metode Penelitian Pendidikan. Bandung: Remaja 

Rosdakarya. 

Suryabrata sumandi. (2008). Metodologi penelitian/sumadi suryabrata. Jakarta: 

Raja Grafindo Persada. 

Susianna, N. (2014). The Application of Scientific Approach in Science Learning 

in Primary School. In Proceeding of International Conference on Research, 

Implementation and Education of Mathematics and Sciences 2014. 

Yogyakarta State University. 

Sweeney, L. B., & Sterman, J. D. (2000). Bathtub dynamics: initial results of a 

systems thinking inventory. System Dynamics Review, 16(4), 249-286. 

T. Pavlovic, “Solar energy,” in Green Energy and Technology, 2020. 

Taneo, S. P., Lehan, A. A. D., & Lin, M. C. (2024). Penggunaan model Problem 

Based Learning dalam pembelajaran tentang ekosistem untuk 

meningkatkan hasil belajar di kelas v sd negeri oesapa kecil 2. Sentri. 

https://doi.org/10.55681/sentri.v3i7.3117 

Tanner, K. D. (2012). Promoting student metacognition. CBE Life Sciences 

Education, 11(2), 113–120. https://doi.org/10.1187/cbe.12-03-0033 

Torre, D., Durning, S. J., & Daley, B. J. (2017). Concept Maps: Definition, 

Structure, and Scoring. Academic Medicine. 

https://doi.org/10.1097/ACM.0000000000001969 

https://doi.org/10.52507/2345-1106.2022-2.25
https://doi.org/10.1002/sdr.4260100214


109 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Tulinao, J. C., & Bailey, M. (2024). Integrating systems thinking and project-based 

learning for Filipino STEM students. International Journal of STEM 

Education, 11(22), 1–15. 

UNESCO. (2017). Education for Sustainable Development Goals: Learning 

Objectives. United Nations Educational, Scientific and Cultural 

Organization. 

Usman., H., Setiady, P. (2009). Pengantsr Statistik. Jakarta: Bumi Aksara 

V, M. G., & K.L, H. (2023). Scoring Impressions and Associations for Improved 

Concept Map Excavating from Dominion Text Demonstration. 

https://doi.org/10.1109/ICICACS57338.2023.10099958 

Veenman, M. V. J., Van Hout-Wolters, B. H. A. M., & Afflerbach, P. (2006). 

Metacognition and learning: Conceptual and methodological 

considerations. Metacognition and Learning, 1(1), 3–14. 

https://doi.org/10.1007/s11409-006-6893-0 

Venkatachary, R., & Kumar, M. (2005). Metacognition as a means for dialogue, 

self-regulation and learning — A case study from an implementation of 

Problem-Based Learning. Journal on School Educational Technology, 1(2), 

31–37. 

Wardoyo, C., Narmaditya, B. S., & Wibowo, A. (2021). Does Problem-Based 

Learning Enhance Metacognitive Awareness of Economics Students? 

Pegem Journal of Education and Instruction, 11(4), 329–336. 

https://doi.org/10.47750/pegegog.11.04.32 

Watson, M. K., Barrella, E., & Anderson, R. (2023). Cognitive advantages of 

sustainability concept mapping. Journal of Cleaner Production. 

https://doi.org/10.1016/j.jclepro.2023.137427 

Weinert F E 2001 Concept of Competence: A Conceptual Clarification. In: 

Definition and Selection of Competencies: Theoretical and Conceptual 

Foundation (DeSeCo). 44–65 

Wells, A. (2019). Breaking the Cybernetic Code: Understanding and Treating the 

Human Metacognitive Control System to Enhance Mental Health. Frontiers 

in Psychology. https://doi.org/10.3389/FPSYG.2019.02621 

WHO. (2018). 9 out of 10 people worldwide breathe polluted air, but more countries 

are taking action. World Health Organization. 

Wicaksono, B., Akhdinirwanto, W., Ashari. (2013) Peningkatan Kemampuan 

Metakognitif Fisika Melalui Model Pembelajaran Problem Based Learning 

Pada SMK Pancasila 1 Kutoarjo. Program Studi Pendidikan Fisika 

Universitas Muhammadiyah Purworejo. Jurnal Radiasi, 3 (1). 

Widana, I. W., Suarta, M., & Marhaeni, A. (2019). Implementation of mind 

mapping learning strategies to improve the creativity of students. Journal of 

Physics: Conference Series, 1387(1), 012127. 

Wm., Kent. (1916). 4. The definition of energy. Science, doi: 

10.1126/SCIENCE.43.1119.820 

Woei, Hung., Ademola, Amida. (2020). 2. Problem-Based Learning in College 

Science.   doi: 10.1007/978-3-030-33600-4_21 

Yergin, D. (2006). Ensuring Energy Security. Foreign Affairs, 85(2), 69-82. 

https://doi.org/10.1109/ICICACS57338.2023.10099958


110 

Ihsan Hijria Putra, 2025 
MODEL PROBLEM BASED LEARNING BERBANTUAN MIND MAP (PBL-MM) UNTUK MENINGKATKAN 
KEMAMPUAN BERPIKIR SISTEM DAN REGULASI METAKOGNITIF PADA ISU ENERGI ALTERNATIF 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Yusniza, Y., Ramli, R., & Surif, J. (2023). The relationship between metacognitive 

awareness and students’ systems thinking skills in learning biology. 

International Journal of Instruction, 16(1), 15–32. 

https://doi.org/10.29333/iji.2023.1612a 

Zografakis, N., Menegaki, A. N., & Tsagarakis, K. P. (2008). Effective education 

for energy efficiency. Energy Policy, 36(8), 3226-3232. 

Zohar, A., & Barzilai, S. (2013). A Review of Research on Metacognition in 

Science Education: Current and Future Directions. Studies in Science 

Education, 49(2), 121–169. 

Zohar, A., & Dori, Y. J. (2012). Metacognition in science education: Trends in 

current research. In A. Zohar & Y. J. Dori (Eds.), Metacognition in science 

education: Trends in current research (pp. 1–13). Springer. 

https://doi.org/10.1007/978-94-007-2132-6 

https://doi.org/10.1007/978-94-007-2132-6

	LEMBAR PENGESAHAN TESIS
	LEMBAR PERNYATAAN
	KATA PENGANTAR
	UCAPAN TERIMA KASIH
	ABSTRAK
	ABSTRACT
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR
	DAFTAR LAMPIRAN
	DAFTAR PUSTAKA

