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PENGEMBANGAN PROGRAM PROFESSIONAL LEARNING 

COMMUNITY (PLC) BERBASIS TPACK UNTUK MENUMBUHKAN 

KREATIVITAS GURU IPA PADA PEMBELAJARAN STEM FOR 

SUSTAINABLE DEVELOPMENT 

 

ABSTRAK  

 

Penelitian ini bertujuan untuk mengembangkan program Professional Learning 

Community (PLC) berbasis TPACK untuk meningkatkan kreativitas guru IPA pada 

pembelajaran STEM for Sustainable Development. Metode yang digunakan dalam 

penelitian ini adalah mix-method desain embedded. Subjek penelitian adalah 24 

guru IPA di Kabupaten Sukabumi yang dipilih secara purposive sampling. 

Instrumen yang digunakan meliputi kuesioner disposisi kreatif, lembar penilaian 

kreativitas, rekaman audio, kuesioner respon, dan catatan lapangan. Data kuantitatif 

dikumpulkan melalui kuesioner dan dianalisis menggunakan statistik deskriptif, 

sementara data kualitatif dari rekaman audio dan catatan lapangan dianalisis secara 

tematik untuk mendapatkan pemahaman lebih mendalam mengenai pelaksanaan 

program. Hasilnya adalah terciptanya program komunitas pembelajaran profesional 

yang memiliki karakteristik yaitu bervisi untuk memperbaiki praktek pembelajaran 

STEM, berbasis pengembangan TPACK-CPORP, menekankan kerja kolaboratif, 

reflektif, dan berkelanjutan melalui siklus inquiry dan lesson study. Program ini 

valid dengan nilai kritis 0,62. Keterlaksanaan program ini mencapai 100% 

terlaksana dengan partisipasi aktif peserta dan dukungan fasilitator yang baik. 

Terdapat perbedaan yang signifikan antara nilai disposisi kreatif sebelum 

implementasi dan setelah implementasi. Nilai fluency, flexibility, dan originality 

peserta sangat baik pada saat diskusi. Tingginya nilai kreativitas produk yang 

dihasilkan peserta yang terdiri dari modul ajar dan produk teknologi. Peserta 

memberikan respon positif terhadap program. Program ini relevan dengan 

kebutuhan guru IPA. Diharapkan program PLC berbasis TPACK ini diterapkan 

lebih luas dan dipadukan dengan pelatihan yang lebih mendalam untuk memperkuat 

integrasi pembelajaran STEM untuk pembangunan berkelanjutan.  

Kata Kunci: Professional Learning Community, TPACK COPR, STEM for 

Sustainable Development, Kreativitas Guru IPA  
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PROGRAM BASED ON TPACK TO ENHANCE SCIENCE TEACHER 

CREATIVITY IN STEM EDUACTION FOR SUSTAINABLE 

DEVELOPMENT 

ABSTRACT 

The purpose of this study is to develop a professional learning community (PLC) 

program based on TPACK to enhance science teachers' creativity in STEM for 

Sustainable Development learning. The research method used in this study was 

mixed methods embedded design. The research subjects were 24 science teachers 

in Sukabumi district selected by purposive sampling. The instruments used included 

creative disposition questionnaire, creativity assessment sheet, audio recording, 

response questionnaire, and field notes. Quantitative data were collected through 

questionnaires and analysed using descriptive statistics, while qualitative data from 

audio recordings and field notes were analysed thematically to gain a deeper 

understanding of program implementation. The result is the professional learning 

community program that has the characteristics of having a vision to improve 

STEM learning practices, based on TPACK-CPORP development, emphasizing 

collaborative, reflective, and sustained work through inquiry cycle and lesson study. 

The program is valid with a critical value of 0.62. The implementation of this 

program reached 100% implementation with active participation of participants and 

good support from facilitators. There was a significant difference between the 

participants' creative disposition scores before and after implementation. The 

participants' fluency, flexibility, and originality scores were very good during the 

discussion. The high value of product creativity produced by the participants 

consisting of teaching modules and technology products. Participants responded 

positively to the program. This program is relevant to the needs of science teachers. 

It was expected that this program will be more widely used and combined with 

more in-depth training to strengthen the integration of STEM learning for 

sustainable development.  

Keywords: Professional Learning Community, TPACK-COPR, STEM Education for 

Sustainable Development, Science Teachers' Creativity 



x  

DAFTAR ISI 

HALAMAN JUDUL ........................................................................................ i 

LEMBAR HAK CIPTA ...................................................................................ii 

HALAMAN PENGESAHAN DISERTASI ..................................................... iii 

LEMBAR PERNYATAAN.......................................................................................iv 

KATA PENGANTAR................................................................................................v 

UCAPAN TERIMAKASIH......................................................................................vii 

ABSTRAK ....................................................................................................... viii 

DAFTAR ISI..................................................................................................... x 

DAFTAR TABEL ............................................................................................. xiii 

DAFTAR GAMBAR ........................................................................................ xv 

DAFTAR LAMPIRAN..................................................................................... xvi 

DAFTAR PUSTAKA ......................................................................................xviii 

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

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

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

1.3. Tujuan Penelitian ....................................................................................... 11 

1.4. Manfaat Penelitian ..................................................................................... 12 

1.5. Definisi Operasional .................................................................................. 13 

1.6. Struktur Organisasi Disertasi ..................................................................... 14 

BAB II KAJIAN PUSTAKA ........................................................................... 16 

2.1. Profesional Learning Community (PLC)................................................... 16 

2.2. Kerangka Kerja Pengembangan TPACK (Technological Pedagogical Content 

Knowledge) sebagai Panduan PLC .................................................................. 27 

2.3. Prinsip Pembelajaran STEM (Science, Technology, Engineering, and 

Mathematic) ...................................................................................................... 34 

2.4. Kemunculan Istilah STEM for Sustainable Development dan Penerapan nya 

dalam Kurikulum ............................................................................................. 42 

2.5. PLC dalam Menumbuhkan Kreativitas Guru IPA dalam Pembelajaran STEM 



xi  

for Sustainable Development ........................................................................... 53 

2.6. Model dan Pendekatan Pembelajaran Kolaboratif dalam PLC berbasis 

TPACK ............................................................................................................. 58 

2.7. Studi Empiris terkait Pengembangan Program PLC berbasis TPACK ..... 62 

2.8. Kerangka Berfikir Penelitian ..................................................................... 68 

METODE PENELITIAN ................................................................................. 71 

3.1. Desain Penelitian ....................................................................................... 71 

3.2. Subjek Penelitian dan Variabel Penelitian ................................................. 72 

3.3. Instrumen Penelitian .................................................................................. 73 

3.4. Prosedur Penelitian .................................................................................... 87 

3.5. Teknik Pengumpulan Data ........................................................................ 104 

3.6. Teknik Analisis Data .................................................................................. 104 

BAB IV HASIL PENELITIAN DAN PEMBAHASAN .................................. 109 

4.1. Karakteristik Program Professional Learning Community (PLC) berbasis 

TPACK untuk Pembelajaran STEM for Sustainable Development ................. 109 

4.2. Validitas Program PLC Berbasis TPACK ................................................. 147 

4.3. Keterlaksanaan Program PLC Berbasis TPACK ....................................... 150 

4.4. Profil Kreativitas Guru IPA dalam Pembelajaran STEM for Sustainable 

Development ..................................................................................................... 172 

4.5. Respon Guru terhadap Program PLC berbasis TPACK ............................ 208 

BAB V SIMPULAN, IMPLIKASI, DAN REKOMENDASI .......................... 218 

5.1. Simpulan .................................................................................................... 218 

5.2. Implikasi .................................................................................................... 220 

5.3. Rekomendasi ............................................................................................. 221 

 



xii  

DAFTAR TABEL 

 

 

Tabel 2. 1. Konseptualisasi Konten Efisiensi Energi dalam Pembelajaran STEM 

. ......................................................................................................................... 48 

Tabel 2. 2. Hubungan Aspek Pembelajaran, Kompetensi pada Kurikulum 

Merdeka, dan Projek Arduino yang akan Digunakan ....................................... 50 

Tabel 2. 3. Kegiatan PLC dengan Kretivitas Guru ........................................... 53 

Tabel 2. 4. Penelitian-penelitian Relevan ......................................................... 59 

Tabel 2. 5. Kerangka Berfikir Penelitian .......................................................... 66 

Tabel 3. 1. Intrumen Penelitian ......................................................................... 69 

Tabel 3. 2. Hubungan Data yang Diperlukan, Teknik Pengumpulan Data, Sumber 

Data, dan Instrumen ......................................................................................... 70 

Tabel 3. 3. Isian Core dan PaPer PCK + Teknologi yang Harus diisi oleh Guru 

. ......................................................................................................................... 71 

Tabel 3. 4. Item Pernyataan Positip Kuisioner TPACK ................................... 71 

Tabel 3. 5. Hasil Uji Validitas Item Menggunakan Model Rasch .................... 74 

Tabel 3. 6. Relabilitas Item Kuisioner TPACK ................................................ 75 

Tabel 3. 7. Instrumen Disposisi Kreatif Guru ................................................... 76 

Tabel 3. 8. Hasil Validasi Instrumen Disposisi Kreatif Menggunakan Model Rasch 

. ......................................................................................................................... 78 

Tabel 3. 9. Nilai Reliabilitas Item Disposisi Kreatif ......................................... 79 

Tabel 3. 10. Rubrik dan Skor Instrumen Penilaian Produk Kreatif Media Arduino 

untuk Pembelajaran STEM for Sustainable Development............................... 79 

Tabel 3. 11. Aspek Kreativitas pada Perangkat Pembelajaran STEM for SD. 80 

Tabel 3. 12. Aspek pada Instrumen Pedoman Observasi Diklat ...................... 81 

Tabel 3. 13. Aspek Respon Peserta Terhadap Pelaksanaan Program PLC ....... 82 

Tabel 3. 14. Deskripsi Program PLC berbasis TPACK .................................... 85 

Tabel 3. 15. Tahapan dan Teknis PLC berbasis TPACK .................................. 88 

Tabel 4. 1. Profil Anggota Komunitas pada PLC Tahap Ujicob ....................... 105 

Tabel 4. 2. Temuan-temuan Ujicoba Program PLC berbasis TPACK ............. 107 

Tabel 4. 3.Karakteristik Program PLC Berdasarkan Keterampilan yang dilatihkan 

. ......................................................................................................................... 119 



xiii  

Tabel 4. 4.Rincian Alat Praktikum Engineer untuk Pembuatan Prototype ....... 129 

Tabel 4. 5. Struktur Program PLC Berbasis TPACK ....................................... 139 

Tabel 4. 6. Validitas Program PLC Berbasis TPACK ....................................... 140 

Tabel 4. 7. Profil Anggota Komunitas PLC Tahap Implementasi .................... 144 

Tabel 4. 8. Rangkaian Kegiatan PLC pada Tahap Implementasi ...................... 146 

Tabel 4. 9. Komponen Praktikum Menjadi Engineer pada OJL 2 .................... 149 

Tabel 4. 10. Desain Produk Arduino yang dibuat Peserta ................................ 151 

Tabel 4. 11. Tema yang dipilih Peserta untuk Modul Ajar ............................... 158 

Tabel 4. 12. Rekapitulasi skor awal dan akhir, Standar deviasi, skor minimum, 

Skor maksimum dan N-Gain ............................................................................ 173 



xiv  

DAFTAR GAMBAR 

 

 

Gambar 2. 1. Representasi Model Pengembangan TPACK Guru. .................. 27 

Gambar 2. 2. Frame work STEM for Sustainable Development ...................... 46 

Gambar 2. 3. Kerangka Berfikir Penelitian ...................................................... 66 

Gambar 3. 1. Embedded Design …………………………………………………. 

. ......................................................................................................................... 68 

Gambar 4. 1. Hasil Survey Analisis Kebutuhan ............................................... 104 

Gambar 4. 2. Pelaksanaan OJL sesi 1-6 dan Lesson Study .............................. 108 

Gambar 4. 3 Kerangka Kerja TPACK dalam PLC ........................................... 111 

Gambar 4. 4. Tahapan Program PLC berbasis TPACK ................................... 114 

Gambar 4. 5. Tahapan Program PLC Berbasis TPACK (lanjutan) ................... 115 

Gambar 4. 6. Pengerjaan LK 1 pada Microsoft Team ...................................... 123 

Gambar 4. 7. Fitur Class Note Book pada Microsoft Team ............................. 124 

Gambar 4. 8. Tampilan Tugas LK 4 yang diunggah Peserta pada Microsoft team 

. ......................................................................................................................... 129 

Gambar 4. 9. Workflow Proyek Arduino ESP8266 (Sumber: Rahman, 2023) 130 

Gambar 4. 10. Prototype Sensor LDR (Sumber: Rahman A.A., 2023) ............ 131 

Gambar 4. 11. Green Building Prototype yang dibuat Siswa ........................... 135 

Gambar 4. 12. Hasil TBLA Lesson Study Tahap Uji Coba .............................. 136 

Gambar 4. 13. Pelaksanaan OJL 1 Set Goal, Pembuatan Kontrak Belajar, dan 

Pengenalan PLC dan Lesson Study .................................................................. 148 

Gambar 4. 14. OJL 2 Praktek Menjadi Engineer.............................................. 150 

Gambar 4. 15. OJL 3 Pengenalan Pembelajaran STEM dan ESD ................... 153 

Gambar 4. 16. OJL 4 Representasi TPACK dalam Pembelajaran STEM for 

Sustainable Development ................................................................................. 155 

Gambar 4. 17. Alur Kegiatan Inservice ............................................................ 156 

Gambar 4. 18. Pelaksanaan Kegiatan Inservice ............................................... 157 

Gambar 4. 19. Rangkuman Hasil Diskusi Peserta ............................................ 161 

Gambar 4. 20. Maket Rumah Hemat Energi Karya Peserta Didik ................... 165 

Gambar 4. 21. TBLA Open Class Tahap Implementasi Program PLC ............ 166 



xv  

Gambar 4. 22. Keterlaksanaan Program PLC berbasis TPACK ...................... 170 

Gambar 4. 23. Nilai N-Gain pada Setiap Indikator Disposisi Kreatif Peserta 174 

Gambar 4. 24. Keterlibatan Peserta pada Kategori Fluency ............................ 179 

Gambar 4. 25. Peta Percakapan Kelompok 5 pada Kategori Fluency .............. 180 

Gambar 4. 26. Percakapan Peserta pada Kategori Flexibility .......................... 181 

Gambar 4. 27. Peta Percakapan pada Kategori Flexibility ............................... 182 

Gambar 4. 28. Percakapan Peserta pada Kategori Originality ......................... 183 

Gambar 4. 29. Peta Percakapan Diskusi pada Kategori Originality ................. 185 

Gambar 4. 30. Grafik Kreativitas Guru dalam Pengembangan Modul Ajar STEM 

for Sustainable Development ........................................................................... 187 

Gambar 4. 31. Contoh Peta Konsep yang dibuat Peserta ................................. 192 

Gambar 4. 32. Grafik peroleh nilai kreativitas peta konsep peserta ................. 194 

Gambar 4. 33. Hasil Penilaian Peserta terhadap Kemampuan Fasilitator dalam 

Program PLC berbasis TPACK ........................................................................ 196 

Gambar 4. 34. Penilaian Peserta Terhadap Peran Fasilitator dalam Program PLC 

Berbasis TPACK .............................................................................................. 198 

Gambar 4. 35. Manfaat Program PLC Berbasis TPACK ................................. 200 



xvi  

DAFTAR LAMPIRAN 
 

 

1. Instrumen Penilaian Kreativitas ........................................................................ 223 

2. Pedoman Observasi Implementasi Pembelajaran ..............................................227 

3. Lembar Penilaian Kreativitas Media Arduino ...................................................229 

4. Kuesioner Disposisi Kreatif ...............................................................................231 

5. Kuesioner TPACK .............................................................................................234 

6. Pedoman Wawancara Guru ................................................................................238 

7. Kuesioner Evaluasi Penyelenggaraan Program ..................................................242 



 

xviii 

 

DAFTAR PUSTAKA 

 

Ab, C. H. (2024). Developing Teacher Technology Leadership in Digital 

Transformation:Perspectives from Professional Learning Community in One 

Chinese University. 2024 13th International Conference on Educational and 

Information Technology (ICEIT), 361–366. 

https://doi.org/10.1109/ICEIT61397.2024.10540889 

Abdula-Zade, K. Z., Sergeeva, M. G., Lukashenko, D. V., & Solovieva, A. V. 

(2021). Professional Creativity as A Component of The Effective Activity of 

a Teacher. Propósitos y Representaciones, 9(SPE3). 

https://doi.org/10.20511/pyr2021.v9nSPE3.1177 

Abdullah, Y. L. P. K., & Hashim, H. (2020). Enhancing professional learning 

community through the collaborative instructional design system (Cids): The 

asie model. International Journal of Scientific and Technology Research, 9(4), 

1055–1058. 

Afifa, A. K., Wati, M., & Murshed, M. B. (2023). Analysis of Learning-based 

Material Android app Vector Loaded Authentic Learning Using TBLA 

Method (Transcript Based Lesson Analysis). Berkala Ilmiah Pendidikan 

Fisika, 11(2), 277. https://doi.org/10.20527/bipf.v11i2.15774 

Agudelo Rodríguez, C. M., González-Reyes, R. A., Bernal Ballen, A., Merchán 

Merchán, M. A., & López Barrera, E. A. (2024). Characterization of STEM 

teacher education programs for disciplinary integration: A systematic review. 

Eurasia Journal of Mathematics, Science and Technology Education, 20(3), 

em2408. https://doi.org/10.29333/ejmste/14280 

Al-Harthi, A. S. A., Campbell, C., & Karimi, A. (2018). Teachers cloud-based 

learning designs: the development of a guiding rubric using the TPACK 

framework. Computers in the Schools, 35(2), 134–151. 

https://doi.org/10.1080/07380569.2018.1463033 

Al Mahdi, O. (2020). Professional Learning Communities Approach: Implications 

for Policy and Practice. In Innovations in Educational Leadership and 

Continuous Teachers’ Professional Development (pp. 181–200). CSMFL 

Publications. https://doi.org/10.46679/isbn978819484832509 

Aldahmash, A. H., Alamri, N. M., Aljallal, M. A., & Bevins, S. (2019). Saudi 

Arabian science and mathematics teachers’ attitudes toward integrating STEM 

in teaching before and after participating in a professional development 

program. Cogent Education, 6(1). 

https://doi.org/10.1080/2331186X.2019.1580852 

Alexander, R. (2018). Developing dialogic teaching: genesis, process, trial. 

Research Papers in Education, 33(5), 561–598. 

https://doi.org/10.1080/02671522.2018.1481140 

Almanasreh, E., Moles, R., & Chen, T. F. (2019). Evaluation of methods used for 

estimating content validity. Research in Social and Administrative Pharmacy, 



 

xix 

 

15(2), 214–221. https://doi.org/10.1016/j.sapharm.2018.03.066 

Amabile, T. M., Barsade, S. G., Mueller, J. S., & Staw, B. M. (2005). Affect and 

Creativity at Work. Administrative Science Quarterly, 50, 367–403. 

Amintarti, S., Winarti, A., Sholahuddin, A., Syahmani, S., & Wati, M. (2020). 

Penerapan Transcript Based Lesson Analysis (Tbla) Sebagai Upaya 

Peningkatan Pembelajaran Kimia. Quantum: Jurnal Inovasi Pendidikan Sains, 

11(2), 149. https://doi.org/10.20527/quantum.v11i2.8219 

Anisa Sari, G. M., Antika, V. Y., Wisutama, R. A., Syiami, L. N., Sulaeman, N. F., 

Nuryadin, A., & Subagiyo, L. (2022). New Indonesian Science Curriculum for 

Junior High School: A Content Analysis to Support STEM SDGs. Jurnal 

Literasi Pendidikan Fisika (JLPF), 3(2), 176–182. 

https://doi.org/10.30872/jlpf.v3i2.1555 

Aprianty, H., Gani, A., & Pada, A. U. T. (2020). IMPLEMENTATION OF 

PROJECT-BASED LEARNING THROUGH STEM APPROACH TO 

IMPROVE STUDENTS’ SCIENCE PROCESS SKILLS AND LEARNING 

OUTCOMES. JTK (Jurnal Tadris Kimiya), 5(2), 144–152. 

https://doi.org/10.15575/jtk.v5i2.8370 

Artacho, E. G., Martínez, T. S., Ortega Martín, J. L., Marín Marín, J. A., & García, 

G. G. (2020). Teacher training in lifelong learning-the importance of digital 

competence in the encouragement of teaching innovation. Sustainability 

(Switzerland), 12(7). https://doi.org/10.3390/su12072852 

Avgitidou, S., Karadimitriou, K., Ampartzaki, M., Sidiropoulou, C., & Kampeza, 

M. (2024). University Teaching as a Site for Professional Learning of Teacher 

Educators: The Role of Collaborative Inquiry and Reflection within a 

Professional Learning Community. Education Sciences, 14(2), 207. 

https://doi.org/10.3390/educsci14020207 

Awad, N. A., Salman, E., & Barak, M. (2019). Integrating Teachers to Teach an 

Interdisciplinary STEM-Focused Program about Sound, Waves and 

Communication Systems. European Journal of STEM Education, 4(1), 1–12. 

https://doi.org/10.20897/ejsteme/5756 

Aydeniz, M., & Stone, M. (2023). Creativity and Innovation in Science and 

Technology Education (pp. 267–282). https://doi.org/10.1007/978-3-031-

24259-5_19 

Aykan, A., & Yıldırım, B. (2022). The Integration of a Lesson Study Model into 

Distance STEM Education during the COVID-19 Pandemic: Teachers’ Views 

and Practice. Technology, Knowledge and Learning, 27(2), 609–637. 

https://doi.org/10.1007/s10758-021-09564-9 

Ayres, D. C. (2016). A Collaborative Integrated Stem Teaching: Examination of a 

Science and Math Teacher Collaboration on an Integrated STEM Unit. 74. 

Bedregal-Alpaca, N., Tupacyupanqui-Jaen, D., & Cornejo-Aparicio, V. (2019). 

The TPACK model as the basis of a didactic proposal for the teaching-learning 

of Linear Programming. EDUNINE 2019 - 3rd IEEE World Engineering 



 

xx 

 

Education Conference: Modern Educational Paradigms for Computer and 

Engineering Career, Proceedings. 

https://doi.org/10.1109/EDUNINE.2019.8875763 

Beghetto, R. A., & Zhao, Y. (2022). Democratizing Creative Educational 

Experiences. Review of Research in Education, 46(1), vii–xv. 

https://doi.org/10.3102/0091732X221089872 

Bell, J., Wilcoxen, C., & Steiner, A. (2022). Mentoring and Coaching through 

Induction to Develop Reflective Practices in Beginning Teachers. The New 

Educator, 18(4), 281–305. https://doi.org/10.1080/1547688X.2022.2104982 

Benavent, X., de Ves, E., Forte, A., Botella-Mascarell, C., López-Iñesta, E., Rueda, 

S., Roger, S., Perez, J., Portalés, C., Dura, E., Garcia-Costa, D., & Marzal, P. 

(2020). Girls4STEM: Gender Diversity in STEM for a Sustainable Future. 

Sustainability, 12(15), 6051. https://doi.org/10.3390/su12156051 

Besemer, S., & O’Quin, K. (1986). Analyzing Creative Products: Refinement and 

Test of a Judging Instrument. The Journal of Creative Behavior, 20(2), 115–

126. https://doi.org/10.1002/j.2162-6057.1986.tb00426.x 

Bichler, S., Gerard, L., Bradford, A., & Linn, M. C. (2021). Designing a remote 

professional development course to support teacher customization in science. 

Computers in Human Behavior, 123, 106814. 

https://doi.org/10.1016/j.chb.2021.106814 

Biggs, E. M., Bruce, E., Boruff, B., Duncan, J. M. A., Horsley, J., Pauli, N., 

McNeill, K., Neef, A., Van Ogtrop, F., Curnow, J., Haworth, B., Duce, S., & 

Imanari, Y. (2015). Sustainable development and the water–energy–food 

nexus: A perspective on livelihoods. Environmental Science & Policy, 54, 

389–397. https://doi.org/10.1016/j.envsci.2015.08.002 

Boice, K. L., Jackson, J. R., Alemdar, M., Rao, A. E., Grossman, S., & Usselman, 

M. (2021). Supporting teachers on their STEAM journey: a collaborative 

STEAM teacher training program. Education Sciences, 11(3), 1–20. 

https://doi.org/10.3390/educsci11030105 

Borg Preca, C., Baldacchino, L., Briguglio, M., & Mangion, M. (2023). Are STEM 

Students Creative Thinkers? Journal of Intelligence, 11(6), 1–15. 

https://doi.org/10.3390/jintelligence11060106 

Bossér, U., & Lindahl, M. (2019). Students’ Positioning in the Classroom: a Study 

of Teacher-Student Interactions in a Socioscientific Issue Context. Research 

in Science Education, 49(2), 371–390. https://doi.org/10.1007/s11165-017-

9627-1 

Bruce King, M., & Newmann, F. M. (2001). Building school capacity through 

professional development: Conceptual and empirical considerations. 

International Journal of Educational Management, 15(2), 86–93. 

https://doi.org/10.1108/09513540110383818 

Burnazova, V. (2024). EDUCATOR OF THE FUTURE GENERATION: THE 

ROLE OF THE CREATIVE TEACHER IN THE SOCIO-CULTURAL 



 

xxi 

 

SPACE. Collection of Scientific Papers of Uman State Pedagogical 

University, 2, 20–27. https://doi.org/10.31499/2307-4906.2.2024.306317 

Burrows, A. C., Borowczak, M., Myers, A., Schwortz, A. C., & McKim, C. (2021). 

Integrated stem for teacher professional learning and development: “i need 

time for practice.” Education Sciences, 11(1), 1–23. 

https://doi.org/10.3390/educsci11010021 

Butler, D. L., & Schnellert, L. (2012). Collaborative inquiry in teacher professional 

development. Teaching and Teacher Education, 28(8), 1206–1220. 

https://doi.org/10.1016/j.tate.2012.07.009 

Capraro, R. M., Capraro, M. M., & Morgan, J. R. (2013). STEM project-based 

learning an integrated science, technology, engineering, and mathematics 

(STEM) approach. In STEM Project-Based Learning an Integrated Science, 

Technology, Engineering, and Mathematics (STEM) Approach. 

https://doi.org/10.1007/978-94-6209-143-6 

Caroff, X., & Besançon, M. (2008). Variability of creativity judgments. Learning 

and Individual Differences, 18(4), 367–371. 

https://doi.org/10.1016/j.lindif.2008.04.001 

Carvalho, L., & Yeoman, P. (2021). Performativity of Materials in Learning: The 

Learning-Whole in Action. Journal of New Approaches in Educational 

Research, 10(1), 28–42. https://doi.org/10.7821/NAER.2021.1.627 

Çetin, C., & Bayrakcı, M. (2019). Teacher Professional Development Models for 

Effective Teaching and Learning in Schools. The Online Journal of Quality in 

Higher Education, 6(1), 32–38. www.tojqih.net 

Chai, C. S., & Koh, J. H. L. (2017). Changing teachers’ TPACK and design beliefs 

through the Scaffolded TPACK Lesson Design Model (STLDM). Learning: 

Research and Practice, 3(2), 114–129. 

https://doi.org/10.1080/23735082.2017.1360506 

Chakabwata, W. (2024). Using Mother Tongue in Teaching of STEM for 

Sustainable Development in Zimbabwe (pp. 274–290). 

https://doi.org/10.4018/978-1-6684-9859-0.ch016 

Chang, D.-F., Lee, K.-Y., & Tseng, C.-W. (2022). Exploring Structural 

Relationships in Attracting and Retaining International Students in STEM for 

Sustainable Development of Higher Education. Sustainability, 14(3), 1267. 

https://doi.org/10.3390/su14031267 

Chappell, K., & Craft, A. (2009). Creative Science Teaching Labs: New dimensions 

in CPD. Thinking Skills and Creativity, 4(1), 44–59. 

https://doi.org/10.1016/j.tsc.2009.01.001 

Chen, L. Y., Zhou, W. W., Hsieh, W. Z., & Chou, R. J. (2023). Establishing a 

professional learning community for cultivating future design talents using a 

‘peer coaching’ mechanism. Heliyon, 9(10). 

https://doi.org/10.1016/j.heliyon.2023.e20906 



 

xxii 

 

Chue, S., Teo, C. L., & Tan, S. C. (2020). Negotiating Objects of Activity for 

Teacher Learning in a Professional Learning Community. In Transforming 

Teaching and Learning in Higher Education (pp. 91–104). Springer 

Singapore. https://doi.org/10.1007/978-981-15-4980-9_5 

Cianfrone, B. A., Beasley, L., Sears, J., Bunch, N., Gyamfi, K., & Kellison, T. 

(2023). Creating a Collaborative Teaching Culture: The Case Study of the 

Value of a Professional Learning Community. Sports Innovation Journal, 

4(SI), 18–33. https://doi.org/10.18060/27455 

Conradty, C., & Bogner, F. X. (2020). STEAM teaching professional development 

works: effects on students’ creativity and motivation. Smart Learning 

Environments, 7(1). https://doi.org/10.1186/s40561-020-00132-9 

Costa, M. C., Ferreira, C. A. F., & Pinho, H. J. O. (2023). Physics of Sound to Raise 

Awareness for Sustainable Development Goals in the Context of STEM 

Hands-On Activities. Sustainability, 15(4), 3676. 

https://doi.org/10.3390/su15043676 

Creswell, J. W. (2012). Design Condacting Mixed Methodes. In Library Philosophy 

and Practice (Issue 1). 

Damayanti, L. P., Sumarni, S., Sukatiman, & Waluyo. (2020). The Effects of Lesson 

Study on Learning Community to the Learning Quality. 421(Icalc 2019), 328–

335. https://doi.org/10.2991/assehr.k.200323.039 

Damjanovic, V., & Blank, J. (2021). Teacher communities as a context for 

professional learning: a preschool case study. Professional Development in 

Education, 47(4), 574–585. https://doi.org/10.1080/19415257.2021.1883718 

Darling-Hammond, L. (2017). Teacher education around the world: What can we 

learn from international practice? European Journal of Teacher Education, 

40(3), 291–309. https://doi.org/10.1080/02619768.2017.1315399 

Darling-Hammond Linda, Hyler E., M., & Gardner, M. (2017). Effective Teacher 

Professional Development (research brief). Effective Teacher Professional 

Development (Research Brief), June, 1–8. https://eric.ed.gov/?id=ED606741 

Davis, L. M., & Caldwell, B. S. (2022). Utilizing Transdisciplinary Project-Based 

Learning in Undergraduate Engineering Education. 

https://doi.org/10.3233/ATDE220695 

DeJarnette, N. K., McCulloch, R., Ngoh, N. N., & Badara, I. A. (2020). Professional 

Development for Science Teachers on Integrating STEM: A Case Study. 

Journal of Education and Culture Studies, 4(1), p56. 

https://doi.org/10.22158/jecs.v4n1p56 

Del Cerro Velázquez, F., & Lozano Rivas, F. (2020). Education for Sustainable 

Development in STEM (Technical Drawing): Learning Approach and Method 

for SDG 11 in Classrooms. Sustainability, 12(7), 2706. 

https://doi.org/10.3390/su12072706 

Demirhan, E., & Şahin, F. (2021). The effects of different kinds of hands-on 



 

xxiii 

 

modeling activities on the academic achievement, problem-solving skills, and 

scientific creativity of prospective science teachers. Research in Science 

Education, 51, 1015–1033. https://doi.org/10.1007/s11165-019-09874-0 

Desimone, L. M. (2009). Improving impact studies of teachers professional 

development: toward better conceptualizations and measures. Educational 

Researcher, 38(3), 181–199. https://doi.org/10.3102/0013189X08331140 

Dewi, N. R., Rusilowati, A., Saptono, S., & Haryani, S. (2022). Project-Based 

Scaffolding TPACK Model to Improve Learning Design Ability and TPACK 

of Pre-Service Science Teacher. Jurnal Pendidikan IPA Indonesia, 11(3), 

420–432. https://doi.org/10.15294/jpii.v11i3.38566 

Diana, N., Turmudi, & Yohannes. (2021). Analysis of teachers’ difficulties in 

implementing STEM approach in learning: a study literature. Journal of 

Physics: Conference Series, 1806(1), 012219. https://doi.org/10.1088/1742-

6596/1806/1/012219 

Dubek, M., Rickey, N., & DeLuca, C. (2024). Balancing disciplinary and integrated 

learning: How exemplary <scp>STEM</scp> teachers negotiate tensions of 

practice. School Science and Mathematics. https://doi.org/10.1111/ssm.12645 

DuFour, R., DuFour, R., Eaker, R., & Many, T. (2006). Learning by Doing: A 

Handbook for Professional Learning Communities at Work. Solution Tree, 1–

12. https://cloudfront-

s3.solutiontree.com/pdf/study_guides/LBD_2nd_ed_actionguide_Rev.pdf 

Duong Thi Kim, O., & Nguyen Thi Thai, H. (2022). INTEGRATED STEM 

EDUCATION BY COMBINING PROJECT-BASED LEARNING WITH 

THE BSCS 5E INSTRUCTIONAL MODEL IN CHEMISTRY SUBJECT 

FOR THE GRADE 12. Journal of Science Educational Science, 67(4), 209–

219. https://doi.org/10.18173/2354-1075.2022-0059 

English, L. D. (2023). Ways of thinking in STEM-based problem solving. ZDM – 

Mathematics Education, 55(7), 1219–1230. https://doi.org/10.1007/s11858-

023-01474-7 

Erbil, D. G. (2020). A Review of Flipped Classroom and Cooperative Learning 

Method Within the Context of Vygotsky Theory. Frontiers in Psychology, 

11(June), 1–9. https://doi.org/10.3389/fpsyg.2020.01157 

Farida, F., Supriadi, N., Andriani, S., Pratiwi, D. D., Suherman, S., & Muhammad, 

R. R. (2022). STEM approach and computer science impact the metaphorical 

thinking of Indonesian students’. Revista de Educación a Distancia (RED), 

22(69). https://doi.org/10.6018/red.493721 

Farnsworth, V., Kleanthous, I., & Wenger-Trayner, E. (2016). Communities of 

Practice as a Social Theory of Learning: a Conversation with Etienne Wenger. 

British Journal of Educational Studies, 64(2), 139–160. 

https://doi.org/10.1080/00071005.2015.1133799 

Farwati, R., Metafisika, K., Sari, I., Sitinjak, D. S., Solikha, D. F., & Solfarina, S. 

(2021). STEM Education Implementation in Indonesia: A Scoping Review. 



 

xxiv 

 

International Journal of STEM Education for Sustainability, 1(1), 11–32. 

https://doi.org/10.53889/ijses.v1i1.2 

Figg, K. J.-J. and C. (2015). Technological pedagogical content knowledge: 

Exploring, developing, and assessing tpck. Technological Pedagogical 

Content Knowledge: Exploring, Developing, and Assessing TPCK, 1–331. 

https://doi.org/10.1007/978-1-4899-8080-9 

Fleener, J., Lu, L., Dun, J., & Mingquan, Y. (2018). Sustaining a Teacher 

Professional Learning Community in China Through Technology (pp. 80–99). 

https://doi.org/10.4018/978-1-5225-2924-8.ch005 

Freedman, V., & Cucoş, C. (2021). Teaching Facilitators’ Perceptions of the 

Contribution of Three Internship Workshops Models. Educatia 21, 20, 15–23. 

https://doi.org/10.24193/ed21.2021.20.02 

Fulgence, K. (2020). Developing digital fluency among teacher educators: 

Evidence from Tanzanian Schools of Education. International Journal of 

Education and Development Using Information and Communication 

Technology (IJEDICT), 16(2), 158–175. 

Glaze-Crampes, A. L. (2020). Leveraging communities of practice as professional 

learning communities in science, technology, engineering, math (STEM) 

education. Education Sciences, 10(8), 1–8. 

https://doi.org/10.3390/educsci10080190 

Gojmerac, A., & Cherubini, L. (2012). Connecting for Greater Purpose: An 

Examination of a District PLC. Journal of Teaching and Learning, 8(1). 

https://doi.org/10.22329/jtl.v8i1.2980 

Gonçalves, L. L., Parker, M., Luguetti, C., & Carbinatto, M. (2022). The 

facilitator’s role in supporting physical education teachers’ empowerment in a 

professional learning community. Sport, Education and Society, 27(3), 272–

285. https://doi.org/10.1080/13573322.2020.1825371 

Grigorova, I. (2022). STEM in the Classroom (the Role of Technology and 

Gamification as Part of the Educational Process). Vocational Education, 24(4), 

397–411. https://doi.org/10.53656/voc22-452stem 

Guerrero, M. V. L., & Jiménez, T. L. (2019). Using virtual platform for giving 

feedback in teachers’ training | Uso de plataforma virtual para retroalimentar 

la formación del profesorado. Pensamiento Educativo, 56(2). 

Guilford, J. P. (1967). Creativity: Yesterday, Today and Tomorrow. The Journal of 

Creative Behavior, 1(1), 3–14. https://doi.org/10.1002/j.2162-

6057.1967.tb00002.x 

Gülhan, F. (2024). Professional Learning Community (PLC) in STEAM Education: 

A Hands-On Workshops Sample. Science Insights Education Frontiers, 20(1), 

3149–3172. https://doi.org/10.15354/sief.24.or496 

Hallam, P. R., Smith, H. R., Hite, J. M., Hite, S. J., & Wilcox, B. R. (2015). Trust 

and Collaboration in PLC Teams. NASSP Bulletin, 99(3), 193–216. 



 

xxv 

 

https://doi.org/10.1177/0192636515602330 

Han, H., & Wang, J. (2021). Teacher Learning Community and EFL Teacher 

Professional Development. International Journal of Learning and Teaching, 

54–58. https://doi.org/10.18178/ijlt.7.1.54-58 

Hands, C., Guzar, K., & Rodrigue, A. (2015). The art and science of leadership in 

learning environments: Facilitating a professional learning community across 

districts. Alberta Journal of Educational Research, 61(2), 226–242. 

https://doi.org/10.55016/ojs/ajer.v61i2.56108 

Hanke, U. (2011). Effects of Creative Dispositions on the Design of Lessons. The 

Open Education Journal, 4(1), 113–119. 

https://doi.org/10.2174/1874920801104010113 

Harfitt, G. (2019). Community-Based Experiential Learning in Teacher Education. 

In Oxford Research Encyclopedia of Education. Oxford University Press. 

https://doi.org/10.1093/acrefore/9780190264093.013.986 

Harris, A., & de Bruin, L. R. (2018a). Secondary school creativity, teacher practice 

and STEAM education: An international study. Journal of Educational 

Change, 19(2), 153–179. https://doi.org/10.1007/s10833-017-9311-2 

Harris, A., & de Bruin, L. R. (2018b). Secondary school creativity, teacher practice 

and STEAM education: An international study. Journal of Educational 

Change, 19(2), 153–179. https://doi.org/10.1007/s10833-017-9311-2 

Haryanti, A., & Suwarma, I. R. (2018). Profil Keterampilan Komunikasi Siswa 

Smp Dalam Pembelajaran Ipa Berbasis Stem. WaPFi (Wahana Pendidikan 

Fisika), 3(1), 49. https://doi.org/10.17509/wapfi.v3i1.10940 

Hashim, S., Mohd Zain, N. Z., & Mohamed Zahir, N. Z. (2023). CULTIVATING 

TEACHERS’ CREATIVITY TOWARDS EDUCATION FOR 

SUSTAINABLE DEVELOPMENT (ESD) IN TECHNICAL AND 

VOCATIONAL EDUCATION AND TRAINING (TVET). Journal of 

Nusantara Studies (JONUS), 8(2), 157–181. 

https://doi.org/10.24200/jonus.vol8iss2pp157-181 

Hatano, G. (2013). Cultural Processes and Learning: Expectations, Actions, and 

Outcomes. In Theories of Mathematical Learning (pp. 143–160). Routledge. 

https://doi.org/10.4324/9780203053126-14 

Hayu, W. R. R., Permanasari, A., Sumarna, O., & Hendayana, S. (2020). 

Pengembangan Profesionalisme Guru Ipa Smp Bpi Bandung. Jurnal Sosial 

Humaniora, 11(1), 53. https://doi.org/10.30997/jsh.v11i1.2182 

Hellner, J. (2008). The professional learning community. A fulcrum of change. 

Kairaranga, 9(1), 50–54. https://doi.org/10.54322/kairaranga.v9i1.110 

Hipp, K. K., Huffman, J. B., Pankake, A. M., & Olivier, D. F. (2008). Sustaining 

professional learning communities: Case studies. Journal of Educational 

Change, 9(2), 173–195. https://doi.org/10.1007/s10833-007-9060-8 

Hong Kian sam, & George Tan Geok shim. (2011). The effectiveness of 



 

xxvi 

 

Collaborative Learning in the Teaching Of Form Four Mathematical 

Reasoning. Jurnal Teknologi, 55, 55–73. 

Hoque, F., Yasin, R. M., & Sopian, K. (2022). Revisiting Education for Sustainable 

Development: Methods to Inspire Secondary School Students toward 

Renewable Energy. Sustainability (Switzerland), 14(14), 1–18. 

https://doi.org/10.3390/su14148296 

Hord, S. M. (1997). Professional learning communities: communities of continuous 

inquiry and improvement. Leadership, 40(1), 58–59. 

Hord, S. M. (2009). Professional Learning Communities. Your Library Is the 

Answer, 30(1), 102–110. https://doi.org/10.5040/9798216040071.ch-011 

Horng, J., Hong, J., ChanLin, L., Chang, S., & Chu, H. (2005). Creative teachers 

and creative teaching strategies. International Journal of Consumer Studies, 

29(4), 352–358. https://doi.org/10.1111/j.1470-6431.2005.00445.x 

Horvath, I. (2017). Disruptive technologies in higher education. 7th IEEE 

International Conference on Cognitive Infocommunications, CogInfoCom 

2016 - Proceedings, CogInfoCom, 347–352. 

https://doi.org/10.1109/CogInfoCom.2016.7804574 

Huber, C. R., & Kuncel, N. R. (2016). Does College Teach Critical Thinking? A 

Meta-Analysis. Review of Educational Research, 86(2), 431–468. 

https://doi.org/10.3102/0034654315605917 

Huffman, J., & Jacobson, A. (2003). Perceptions of professional learning 

communities. International Journal of Leadership in Education, 6(3), 239–

250. https://doi.org/10.1080/1360312022000017480 

Hung, C.-J., Shieh, C.-J., & Yeh, S.-P. (2014). Effects of Interaction in Teacher 

Professional Community on Teachers’ Innovational Instruction. The 

Anthropologist, 17(3), 735–741. 

https://doi.org/10.1080/09720073.2014.11891487 

Ilyas, M., Meiyani, E., Ma’rufi, M., & Kaewhanam, P. (2022). Improving students’ 

ability in learning mathematics by using the science, technology, engineering, 

and mathematics (STEM) approach. Frontiers in Education, 7. 

https://doi.org/10.3389/feduc.2022.966687 

Iqbal, A. M., Khan, A. S., Abdullah, J., Kulathuramaiyer, N., & Senin, A. A. (2021). 

Blended system thinking approach to strengthen the education and training in 

university-industry research collaboration. Technology Analysis and Strategic 

Management, 0(0), 1–14. https://doi.org/10.1080/09537325.2021.1905790 

Irvan Irvani, A., & Agus, D. (2024). Analysis of Student Communication in the 

Discovery Learning Model Using Transcript-based Lesson Analysis. KnE 

Social Sciences. https://doi.org/10.18502/kss.v9i13.15974 

Ish, M. H. (2016). Creativity and Imagination in Schools: A Reflection on Practice. 

LEARNing Landscapes, 9(2), 301–315. 

https://doi.org/10.36510/learnland.v9i2.777 



 

xxvii 

 

J. Kennedy, T., & R.L. Odell, M. (2024). Integrating STEM: An Interdisciplinary 

Approach to PreK-12 Education. https://doi.org/10.5772/intechopen.114009 

Jäggle, G., Lepuschitz, W., Merdan, M., & Vincze, M. (2024). Enhancing 

Sustainability Product Development and Creativity in Education: The Impact 

of Educational Robotics and Design Thinking on Student Learning (pp. 391–

402). https://doi.org/10.1007/978-3-031-53022-7_39 

Jäppinen, A.-K., Leclerc, M., & Tubin, D. (2016). Collaborativeness as the core of 

professional learning communities beyond culture and context: evidence from 

Canada, Finland, and Israel. School Effectiveness and School Improvement, 

27(3), 315–332. https://doi.org/10.1080/09243453.2015.1067235 

Johnson, D. W., & Johnson, R. T. (1999). Making cooperative learning work. 

Theory Into Practice, 38(2), 67–73. 

https://doi.org/10.1080/00405849909543834 

Johnson, J., Macalalag, A. Z., & Dunphy, J. (2020). Incorporating socioscientific 

issues into a STEM education course: exploring teacher use of argumentation 

in SSI and plans for classroom implementation. Disciplinary and 

Interdisciplinary Science Education Research, 2(1). 

https://doi.org/10.1186/s43031-020-00026-3 

Juškevičienė, A., Dagienė, V., & Dolgopolovas, V. (2021). Integrated activities in 

STEM environment: Methodology and implementation practice. Computer 

Applications in Engineering Education, 29(1), 209–228. 

https://doi.org/10.1002/cae.22324 

Kajonmanee, T., Chaipidech, P., Srisawasdi, N., & Chaipah, K. (2020). A 

personalised mobile learning system for promoting STEM discipline teachers’ 

TPACK development. International Journal of Mobile Learning and 

Organisation, 14(2), 215–235. https://doi.org/10.1504/IJMLO.2020.106186 

Kaplan, D. E. (2019). Creativity in Education: Teaching for Creativity 

Development. Psychology, 10(02), 140–147. 

https://doi.org/10.4236/psych.2019.102012 

Karakaş, A., & Hıdıroğlu, Ç. N. (2022). Transdisciplinary Role of Technology in 

STEM Education. Malaysian Online Journal of Educational Technology, 

10(4), 276–293. https://doi.org/10.52380/mojet.2022.10.4.411 

Kavanagh, S. S., Danielson, K. A., & Schiavone Gotwalt, E. (2022). Preparing in 

Advance to Respond in-the-Moment: Investigating Parallel Changes in 

Planning and Enactment in Teacher Professional Development. Journal of 

Teacher Education. https://doi.org/10.1177/00224871221121767 

Kemendikbud. (2022). Salinan Keputusan Menteri Pendidikan, Kebudayaan, Riset 

dan Teknologi Republik Indonesia Nomor 56/M/2022 tentang Pedoman 

Penerapan Kurikulum dalam Rangka Pemulihan Pembelajaran. 

Khalid Scholar, S., Aslam Khan Assistant Professor, E., Javed Aftab Assistant 

Professor, M., & Khuh Khanewal, K. (2024). Digital Pedagogy Prowess: 

Unpacking the Impact of Professional Development on Teacher Performance. 



 

xxviii 

 

Qalitative Research Journal, 24(1), 66–85. 

Khaludorova, L. E. (2022). FACILITATION AS A MEANS OF EFFECTIVE 

INTERACTION AMONG TEACHERS IN THE PROCESS OF STUDYING. 

Pedagogical IMAGE, 16(4), 451–459. https://doi.org/10.32343/2409-5052-

2022-16-4-451-459 

Khotimah, R. P., Adnan, M., Ahmad, C. N. C., & Murtiyasa, B. (2021). Science, 

Mathematics, Engineering, and Mathematics (STEM) Education in Indonesia: 

a Literature Review. Journal of Physics: Conference Series, 1776(1), 012028. 

https://doi.org/10.1088/1742-6596/1776/1/012028 

Khut, S., & Shimizu, K. (2023). Integrating STEM Approach in K-12 Science 

Education Teaching Practice: A Systematic Literature Review. International 

Journal of Research in STEM Education, 5(2), 1–18. 

https://doi.org/10.33830/ijrse.v5i2.1598 

Kim, H. J., Hong, C., & Kim, D. (2024). The Interaction Effects of Professional 

Learning Community and Principal Leadership on Teacher Practices. Korean 

Association For Learner-Centered Curriculum And Instruction, 24(4), 501–

520. https://doi.org/10.22251/jlcci.2024.24.4.501 

Ko, J. (2023). Effective and inspiring teaching in stem classrooms: Evidence from 

classroom observations with instrument comparisons. Effective Teaching 

Around the World: Theoretical, Empirical, Methodological and Practical 

Insights, 595–617. https://doi.org/10.1007/978-3-031-31678-4_26 

Koch, C. J., & Kleinmann, M. (2002). A stitch in time saves nine: Behavioural 

decision-making explanations for time management problems. European 

Journal of Work and Organizational Psychology, 11(2), 199–217. 

https://doi.org/10.1080/13594320244000120 

Koehler, M. J., Mishra, P., & Cain, W. (2013). What is Technological Pedagogical 

Content Knowledge (TPACK)? Journal of Education, 193(3), 13–19. 

https://doi.org/10.1177/002205741319300303 

Koh, J. H. L., Chai, C. S., Benjamin, W., & Hong, H. Y. (2015). Technological 

Pedagogical Content Knowledge (TPACK) and Design Thinking: A 

Framework to Support ICT Lesson Design for 21st Century Learning. Asia-

Pacific Education Researcher, 24(3), 535–543. 

https://doi.org/10.1007/s40299-015-0237-2 

Koutsopoulos, K. C. (2019). STEM Revisited: A Paradigm Shift in Teaching and 

Learning the Science Related Disciplines. Journal of Education, Society and 

Behavioural Science, 1–10. https://doi.org/10.9734/jesbs/2019/v30i330131 

Krainara, S., & Chatmaneerungcharoen, S. (2019). Building a Professional 

Learning Community with Team Endeavors while Creating Elementary-

focused STEM-integrated Lesson Plans. Journal of Physics: Conference 

Series, 1340(1). https://doi.org/10.1088/1742-6596/1340/1/012015 

Kristiawan, M., & Rahmat, N. (2018). Peningkatan Profesionalisme Guru Melalui 

Inovasi Pembelajaran. Jurnal Iqra’ : Kajian Ilmu Pendidikan, 3(2), 373–390. 



 

xxix 

 

https://journal.iaimnumetrolampung.ac.id/index.php/ji/article/view/348 

Kuramoto, K. T. T. (2011). Effects of Professional Community on Lesson 

Improvement of a Teacher : 1–10. 

Kuromiya, H., Majumdar, R., Miyabe, G., & Ogata, H. (2022). E-book-based 

learning activity during COVID-19: engagement behaviors and perceptions of 

Japanese junior-high school students. Research and Practice in Technology 

Enhanced Learning, 17(1). https://doi.org/10.1186/s41039-022-00184-0 

Kurup, P. M., Yang, Y., Li, X., & Dong, Y. (2021). Interdisciplinary and Integrated 

STEM. Encyclopedia, 1(4), 1192–1199. 

https://doi.org/10.3390/encyclopedia1040090 

Lange, P. A. M. Van, Kruglanski, A. W., & Higgins, E. T. (2012). Theories of 

Social Psychology. In Psikodimensia (Vol. 1, Issue 1). 

Lauren Angelona. (2019). BLENDED LEARNING IN THE SCIENCE 

CLASSROOM: An Introduction to Atoms and Molecules. Science Scope, 

43(4), 58–64. 

http://proxy.libraries.smu.edu/login?url=http://search.ebscohost.com/login.as

px?direct=true&db=eue&AN=139361954&site=ehost-live&scope=site 

Lay, T. C. (2014). The Curricular and Pedagogic Creativity of Summerhill School, 

and Related Reflection on the Teaching in Singapore Tan. 3(2), 541–557. 

Lees, A. (2017). Community-based collaboration for early childhood teacher 

education: Partner experiences and perspectives as co–teacher educators. 

Journal of Early Childhood Teacher Education, 38(1), 52–78. 

https://doi.org/10.1080/10901027.2016.1274692 

Lehman, J. D., Kim, W., & Harris, C. (2014). Collaborations in a Community of 

Practice Working to Integrate Engineering Design in Elementary Science 

Education. Journal of STEM Education: Innovations and Research, 15(3), 21–

28. 

http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=EJ104890

5&site=ehost-

live%5Cnhttp://www.jstem.org/index.php?journal=JSTEM&page=article&o

p=view&path[]=1901 

Lehrer, R. (2022). Promoting Transdisciplinary Epistemic Dialogue. In The 

Learning Sciences in Conversation (pp. 27–38). Routledge. 

https://doi.org/10.4324/9781003089728-5 

Lertdechapat, K., & Faikhamta, C. (2021). Enhancing pedagogical content 

knowledge for STEM teaching of teacher candidates through lesson study. 

International Journal for Lesson and Learning Studies, 10(4), 331–347. 

https://doi.org/10.1108/IJLLS-03-2021-0020 

Li, X.-Z., Chen, C.-C., & Kang, X. (2022). Research on the cultivation of 

sustainable development ability of higher vocational students by creative 

thinking teaching method. Frontiers in Psychology, 13. 

https://doi.org/10.3389/fpsyg.2022.979913 



 

xxx 

 

Lin, W., Lee, M., & Riordan, G. (2018). The Role of Teacher Leadership in 

Professional Learning Community (PLC) in International Baccalaureate (IB) 

Schools: A Social Network Approach. Peabody Journal of Education, 93(5), 

534–550. https://doi.org/10.1080/0161956X.2018.1515833 

Liu, S., Lu, J., & Yin, H. (2022). Can professional learning communities promote 

teacher innovation? A multilevel moderated mediation analysis. Teaching and 

Teacher Education, 109, 103571. https://doi.org/10.1016/j.tate.2021.103571 

Liu, Y., & Qi, W. (2021). Construction of language teachers’ professional 

competence in education for sustainable development in higher education for 

post-pandemic era. Journal of Language Teaching and Research, 12(2), 304–

311. https://doi.org/10.17507/jltr.1202.12 

Longhurst, M. L., Coster, D. C., Wolf, P. G., Duffy, A. M., Lee, H., & Campbell, 

T. (2016). Multi‐Year Professional Development Grounded in Educative 

Curriculum Focused on Integrating Technology With Reformed Science 

Teaching Principles. School Science and Mathematics, 116(8), 430–441. 

https://doi.org/10.1111/ssm.12197 

Lucas, B., Guy, C., & Spencer, E. (2015). Expansive education: teaching learners 

for the real world . By Bill Lucas. British Journal of Educational Studies, 

63(2), 248–250. https://doi.org/10.1080/00071005.2015.1035907 

Maashi, K. M., Kewalramani, S., & Alabdulkareem, S. A. (2022). Sustainable 

professional development for STEM teachers in Saudi Arabia. Eurasia 

Journal of Mathematics, Science and Technology Education, 18(12). 

https://doi.org/10.29333/ejmste/12597 

Marei, A., Yoon, S. A., Yoo, J. U., Richman, T., Noushad, N., Miller, K., & Shim, 

J. (2021). Designing feedback systems: examining a feedback approach to 

facilitation in an online asynchronous professional development course for 

high school science teachers. Systems, 9(1), 1–24. 

https://doi.org/10.3390/systems9010010 

Margalef, L., & Pareja Roblin, N. (2016). Unpacking the roles of the facilitator in 

higher education professional learning communities. Educational Research 

and Evaluation, 22(3–4), 155–172. 

https://doi.org/10.1080/13803611.2016.1247722 

Margot, K. (2019). Teachers’ perception of STEM integration and education: a 

systematic literature review. In International Journal of STEM Education 

(Vol. 6, Issue 1). https://doi.org/10.1186/s40594-018-0151-2 

Martín-Cudero, D., Guede-Cid, R., Tolmos, P., & Cid-Cid, A. I. (2024). 

Development of a Mathematical Experience from a STEM and Sustainable 

Development Approach for Primary Education Pre-Service Teachers. 

Education Sciences, 14(5), 495. https://doi.org/10.3390/educsci14050495 

Massie, M.-H., Capron Puozzo, I., & Boutet, M. (2022). Teacher Creativity: When 

Professional Coherence Supports Beautiful Risks. Journal of Intelligence, 

10(3), 62. https://doi.org/10.3390/jintelligence10030062 



 

xxxi 

 

McAuley, E. (1985). Modeling and Self-Efficacy: A Test of Bandura’s Model. 

Journal of Sport Psychology, 7(3), 283–295. 

https://doi.org/10.1123/jsp.7.3.283 

Mckenzie, B. J. (2001). How Teachers Learn Technology Best. 10(6). 

Memorial, R. (2024). Provision of Coaching and Mentoring Experiences: 

Narratives of Public Elementary School Teachers. International Journal of 

Innovative Science and Research Technology (IJISRT), 454–477. 

https://doi.org/10.38124/ijisrt/IJISRT24MAY223 

Mesa, J. C., & Pringle, R. M. (2019). Change from within: Middle school science 

teachers leading professional learning communities. Middle School Journal, 

50(5), 5–14. https://doi.org/10.1080/00940771.2019.1674767 

Mesutoglu, C., & Baran, E. (2020). Examining the development of middle school 

science teachers’ understanding of engineering design process. International 

Journal of Science and Mathematics Education, 18(8), 1509–1529. 

https://doi.org/10.1007/s10763-019-10041-0 

Mielicki, M. K., & Wiley, J. (2022). Exploring the necessary conditions for 

observing interleaved practice benefits in math learning. In Learning and 

Instruction (Vol. 80, Issue Lmi). 

https://doi.org/10.1016/j.learninstruc.2022.101583 

Millican, R., & Vare, P. (2020). A Rounder Sense of Purpose: Educator 

Competences for Sustainability and Resilience. Reconsidering Resilience in 

Education, 199–212. https://doi.org/10.1007/978-3-030-49236-6_13 

Minarti, I. B., Dzakiy, M. A., & Nilautama, D. (2023). The Effect of STEM 

(Science, Technology, Engineering, and Mathematics) Based Learning 

Approach on Critical Thinking Skills and Cognitive Learning Outcomes of 

Class X SMA Negeri 1. At-Tasyrih: Jurnal Pendidikan Dan Hukum Islam, 

8(2), 126–136. https://doi.org/10.55849/attasyrih.v8i2.151 

Mishra, P., & Koehler, J. M. (2006). Technological Pedagogical Content 

Knowledge: A Framework for Teacher Knowledge PUNYA. Teacher College 

Record, Columbia University, 108(3), 1017–1054. 

https://doi.org/10.1002/bjs.7342 

Moore, T. J., Johnston, A. C., & Glancy, A. W. (2020). STEM Integration. In 

Handbook of Research on STEM Education (pp. 3–16). Routledge. 

https://doi.org/10.4324/9780429021381-2 

Morin, O., Simonneaux, L., & Tytler, R. (2017). Engaging with socially acute 

questions: Development and validation of an interactional reasoning 

framework. Journal of Research in Science Teaching, 54(7), 825–851. 

https://doi.org/10.1002/tea.21386 

Mróz, A., & Ocetkiewicz, I. (2021). Creativity for Sustainability: How Do Polish 

Teachers Develop Students’ Creativity Competence? Analysis of Research 

Results. Sustainability, 13(2), 571. https://doi.org/10.3390/su13020571 



 

xxxii 

 

Mullen, C. A., & Schunk, D. H. (2011). A View of Professional Learning 

Communities Through Three Frames: Leadership, organization, and culture. 

McGill Journal of Education, 45(2), 185–203. 

https://doi.org/10.7202/045603ar 

Mutiasari, A. I., Mustaji, M., & Susarno, L. H. (2023). The Effect Of Project Based 

Learning On Creative Thinking Skills For Teachers. Jurnal Teknologi 

Pendidikan : Jurnal Penelitian Dan Pengembangan Pembelajaran, 8(2), 435. 

https://doi.org/10.33394/jtp.v8i2.7131 

Newmann, F. M. (1996). Authentic Achievement: Restructuring Schools for 

Intellectual Quality. 

https://www.semanticscholar.org/paper/c33ba9a0713b5554e1af8cb86754ba7

9f32661e6 

Ng, W., & Fergusson, J. (2019). Technology-enhanced science partnership 

initiative: impact on secondary science teachers. Research in Science 

Education, 49(1), 219–242. https://doi.org/10.1007/s11165-017-9619-1 

NGSS. (2017). Topic Arrangements of the Next Generation Science Standards. 

September, 1–102. 

Niess, M. L., Ronau, R. N., Shafer, K. G., & Driskell, S. O. (2009). Mathematics 

Teacher TPACK Standards and Development Model. European Journal of 

Pharmacology, 158(1–2), 177–178. https://doi.org/10.1016/0014-

2999(88)90271-3 

Ningrum, R., & Rahman, T. (2022). Penerapan Stem From Home dengan Model 

PjBL guna Meningkatkan Penguasaan Konsep dan Keterampilan Berpikir 

Kreatif Siswa SMP. 6(1), 299–307. 

Ningsih, S. C., & Sunanti, T. (2024). Analisis Proses Pembelajaran Matematika 

Menggunakan Transcript Based Learning Analysis (Tbla). EMTEKA: Jurnal 

Pendidikan Matematika, 5(1), 198–206. 

https://doi.org/10.24127/emteka.v5i1.5079 

Novak & Gowin. (1984). Learning How to learn. 

Nu’man, M., Retnawati, H., Sugiman, & Jailani. (2022). Strengthening 

M(athematics) in the implementation of STEM education in Indonesia. 

080001. https://doi.org/10.1063/5.0116680 

Ohayon, A., & Albulescu, I. (2023). Influence Of Teachers Participation In 

Professional Learning Community On Their Teaching Skills. 445–451. 

https://doi.org/10.15405/epes.23056.40 

Ole, A. A., & Makausi, T. D. (2022). Hubungan Kreativitas Mengajar Guru dan 

Minat Belajar Siswa. Journal on Education, 5(1), 961–968. 

https://doi.org/10.31004/joe.v5i1.699 

Onrubia, J., Minguela, M., & Roca, B. (2024). Facilitators’ specific discourse 

strategies to construct socio-emotional dynamics promoting collaboration and 

dialogue in teachers’ professional development. Teaching and Teacher 



 

xxxiii 

 

Education, 144, 104581. https://doi.org/10.1016/j.tate.2024.104581 

Owens, D. C., Herman, B. C., Oertli, R. T., Lannin, A. A., & Sadler, T. D. (2019). 

Secondary science and mathematics teachers’ environmental issues 

engagement through socioscientific reasoning. Eurasia Journal of 

Mathematics, Science and Technology Education, 15(6). 

https://doi.org/10.29333/ejmste/103561 

Pahnke, J., O’Donnell, C. & Bascopé, M. (2019). Using Science to Do Social Good: 

STEM Education for Sustainable Development. “International Dialogue on 

STEM Education, 5(6), 1–22. https://doi.org/10.1177/0973408216661886 

Pahrudin, A., Misbah, M., Alisia, G., Saregar, A., Asyhari, A., Anugrah, A., & 

Susilowati, N. E. (2021). The Effectiveness of Science, Technology, 

Engineering, and Mathematics-Inquiry Learning for 15-16 Years Old Students 

Based on K-13 Indonesian Curriculum: The Impact on the Critical Thinking 

Skills. European Journal of Educational Research, volume-10-(volume-10-

issue-2-april-2021), 681–692. https://doi.org/10.12973/eu-jer.10.2.681 

Pan, H.-L. W., & Cheng, S.-H. (2023). Examining the Impact of Teacher Learning 

Communities on Self-Efficacy and Professional Learning: An Application of 

the Theory-Driven Evaluation. Sustainability, 15(6), 4771. 

https://doi.org/10.3390/su15064771 

Paparistodemou, M. M.-M. and E. (2024). Sustaining Teacher Professional 

Learning in STEM: Lessons Learned from an 18-Year-Long Journey into 

TPACK-Guided Professional Development. Education Sciences, 14, 1–16. 

Park, V. (2022). Professional Learning Communities for School Improvement. In 

Professional Learning Communities for School Improvement. Routledge. 

https://doi.org/10.4324/9781138609877-REE225-1 

Parris, T. M., & Kates, R. W. (2003). Characterizing and measuring sustainable 

development. Annual Review of Environment and Resources, 28, 559–586. 

https://doi.org/10.1146/annurev.energy.28.050302.105551 

Penelope J.Wald and Michael S. Castleberry. (2000). Educators As Learners: 

Creating a Professional Learning Community in Your School. 

Pérez-Jorge, D., González-Dorta, D., Rodríguez-Jiménez, M. del C., & Fariña-

Hernández, L. (2021). Problem-solving teacher training, the effect of the 

ProyectaMates Programme in Tenerife. Education 3-13, 49(7), 777–791. 

https://doi.org/10.1080/03004279.2020.1786427 

Permanasari, A., Rubini, B., & Nugroho, O. F. (2021). STEM Education in 

Indonesia: Science Teachersâ€TM and Studentsâ€TM Perspectives. Journal of 

Innovation in Educational and Cultural Research, 2(1), 7–16. 

https://doi.org/10.46843/jiecr.v2i1.24 

Perry, E., & Booth, J. (2024). The practices of professional development 

facilitators. Professional Development in Education, 50(1), 144–156. 

https://doi.org/10.1080/19415257.2021.1973073 



 

xxxiv 

 

Petkov, P. (2023). FACILITATION IN EDUCATION. Education and 

Technologies Journal, 14(2), 255–258. 

https://doi.org/10.26883/2010.232.4892 

Pollard, V., Hains-Wesson, R., & Young, K. (2018). Creative teaching in STEM. 

Teaching in Higher Education, 23(2), 178–193. 

https://doi.org/10.1080/13562517.2017.1379487 

Polyiem, T., & Asawaniwed, P. (2024). Fostering Science Teaching Excellence: A 

Professional Learning Community-Based Model for Sustainable Teacher 

Development. European Journal of Educational Sciences, 11(1). 

https://doi.org/10.19044/ejes.v11no1a13 

Possamai, J. P., & Allevato, N. S. G. (2024). Problem Posing: understandings. 

Bolema: Boletim de Educação Matemática, 38. https://doi.org/10.1590/1980-

4415v38a2300422 

Powell, K. C., & Kalina, C. J. (2009). Cognitive and social developing tools for an 

effective classrooom. Education, 130(2), 241–250. 

http://content.ebscohost.com.ezp.waldenulibrary.org/ContentServer.asp?T=P

&P=AN&K=47349084&S=R&D=ehh&EbscoContent=dGJyMNXb4kSeqa8

4zdnyOLCmr0qep7VSrqm4S66WxWXS&ContentCustomer=dGJyMPGss0q

1qK5IuePfgeyx44Dt6fIA%5Cnhttp://ezp.waldenulibrary.org/login?url=http: 

Prenger, R., Poortman, C. L., & Handelzalts, A. (2019). The Effects of Networked 

Professional Learning Communities. Journal of Teacher Education, 70(5), 

441–452. https://doi.org/10.1177/0022487117753574 

Quayson, F. (2022). Reflective Practice, Mentoring, and Self-Renewal In 

Professional Development For Adult Learners. The Interdisciplinary Journal 

of Advances in Research in Education, 4(2), 1–7. 

https://doi.org/10.55138/ma104284fxo 

Rahman, A. A. (2020). Pengembang Media Pembelajaran Aquaponik-Induksi 

Elektromagnetik untuk Meningkatkan Literasi Sains Siswa Melalui 

Pembelajaran Berbasis STEM. Jurnal Didaktika Pendidikan Dasar, 4(2), 

357–370. https://doi.org/10.26811/didaktika.v4i2.129 

Rahman, A. A., Kaniawati, I., & Hendayana, S. (2023). Secondary science teachers 

perception on STEM learning for sustainable development. 9(3), 1297–1303. 

https://doi.org/10.29303/jppipa.v9i3.2776 

Rahman, A. A., Kaniawati, I., & Riandi. (2022a). Science Teachers Perception on 

Education for Sustainable Development : Preliminary research for develop 

teacher training program. Ta’dib, 8208(x), 32–40. 

Rahman, A. A., Kaniawati, I., & Riandi. (2022b). The needs analysis of education 

and creativity training programme for science teachers in delivering stem 

learning on socio-scientific issues. AIPS, 1, 32–40. 

Rahman, A. A., Kaniawati, I., Riandi, R., & Hendayana, S. (2024). ENERGY 

EFFICIENCY AT SCHOOL WITH MICROCONTROLLER PROJECT : STEM 

FOR SUSTAINABLE DEVELOPMENT. 19(2), 35–42. 



 

xxxv 

 

Rahmania, I. (2021). Project Based Learning (PjBL) Learning Model with STEM 

Approach in Natural Science Learning for the 21st Century. Budapest 

International Research and Critics Institute (BIRCI-Journal): Humanities and 

Social Sciences, 4(1), 1161–1167. https://doi.org/10.33258/birci.v4i1.1727 

Rasa, T., & Laherto, A. (2022). Young people’s technological images of the future: 

implications for science and technology education. European Journal of 

Futures Research, 10(1). https://doi.org/10.1186/s40309-022-00190-x 

Reigeluth, C. M., & Carr-Chellman, A. A. (2009). 

Instructional_design_theories_and_models Building a common knowledge 

base vol. III. Routledge. 

Rice, B. J. (2015). Mapping relational models for online teacher preparation and 

professional development. Advances in Research on Teaching, 25, 187–207. 

https://doi.org/10.1108/S1479-368720150000027010 

Richmond, G., Dershimer, R. C., Ferreira, M., Maylone, N., Kubitskey, B., & 

Meriweather, A. (2017). Developing and sustaining an educative mentoring 

model of STEM teacher professional development through collaborative 

partnership. Mentoring and Tutoring: Partnership in Learning, 25(1), 5–26. 

https://doi.org/10.1080/13611267.2017.1308097 

Rico, A., Agirre-Basurko, E., Ruiz-González, A., Palacios-Agundez, I., & 

Zuazagoitia, D. (2021). Integrating mathematics and science teaching in the 

context of education for sustainable development: design and pilot 

implementation of a teaching-learning sequence about air quality with pre-

service primary teachers. Sustainability (Switzerland), 13(8). 

https://doi.org/10.3390/su13084500 

Roberts, T., Maiorca, C., Jackson, C., & Mohr-Schroeder, M. (2022). Integrated 

STEM as Problem-Solving Practices. Investigations in Mathematics Learning, 

14(1), 1–13. https://doi.org/10.1080/19477503.2021.2024721 

Rosekrans, K., Morán, C., & Bodewig, C. (2024). Locally Driven Innovation 

Through Teacher Peer Mentoring in Times of COVID-19: A Professional 

Learning Community in Rural El Salvador. In Education and Development in 

Central America and the Latin Caribbean (pp. 98–117). Bristol University 

Press. https://doi.org/10.56687/9781529231748-009 

Runco, M. A., & Jaeger, G. J. (2012). The Standard Definition of Creativity. 

Creativity Research Journal, 24(1), 92–96. 

https://doi.org/10.1080/10400419.2012.650092 

Sabilah, F., Abidasari, E., & Husamah, H. (2021). Teacher professional education 

coaching to produce high quality lesson plan. Journal of Community Service 

and Empowerment, 2(1), 13–21. https://doi.org/10.22219/jcse.v2i1.15905 

Sai. (2015). The Online Journal of Quality in Higher Education. The Online Journal 

of Quality in Higher Education, 2(4), 35–45. 

Saito, E., & Atencio, M. (2013). A conceptual discussion of lesson study from a 

micro-political perspective: Implications for teacher development and pupil 



 

xxxvi 

 

learning. Teaching and Teacher Education, 31(1), 87–95. 

https://doi.org/10.1016/j.tate.2013.01.001 

Saito, E., & Atencio, M. (2016). Pedagogical content knowledge in action: its 

impromptu development by an expert practitioner. Pedagogy, Culture and 

Society, 24(1), 101–121. https://doi.org/10.1080/14681366.2015.1087043 

Salasiah, S., Hariyanto, D., Ahini, T., Widhiastuti, A., Adawiyah, R., Erdiningsih, 

E., Hermansyah, M. A., & Haryono*, A. (2022). Peningkatan Keterampilan 

Kolaborasi dan Keterlaksanaan Pembelajaran IPA Secara Daring Melalui 

Lesson Study. Jurnal IPA & Pembelajaran IPA, 6(1), 20–32. 

https://doi.org/10.24815/jipi.v6i1.23726 

Salleh, M. F. M. (2020). STEM Facilitators Training Programme: Trainee 

Teachers’ Perceptions of the Impact on their Personal Growth as Future 

Teachers. Asian Journal of University Education, 16(3), 1–10. 

https://doi.org/10.24191/ajue.v16i3.11091 

Sánchez-Carracedo, F., Sureda, B., Moreno-Pino, F. M., & Romero-Portillo, D. 

(2021). Education for sustainable development in Spanish engineering 

degrees. Case study. Journal of Cleaner Production, 294, 1–12. 

https://doi.org/10.1016/j.jclepro.2021.126322 

Sari, M. I. (2020). The prospective science teaching material based on Integrated-

STEM approach: Analysis of teachers and students expectations. In Journal of 

Physics: Conference Series (Vol. 1572, Issue 1). https://doi.org/10.1088/1742-

6596/1572/1/012084 

Sawyer, K. (2011). The Cognitive Neuroscience of Creativity: A Critical Review. 

Creativity Research Journal, 23(2), 137–154. 

https://doi.org/10.1080/10400419.2011.571191 

Schaap, H., & de Bruijn, E. (2018). Elements affecting the development of 

professional learning communities in schools. Learning Environments 

Research, 21(1), 109–134. https://doi.org/10.1007/s10984-017-9244-y 

Scherak, L., & Rieckmann, M. (2020). Developing ESD competences in higher 

education institutions—Staff training at the University of Vechta. 

Sustainability (Switzerland), 12(24), 1–19. 

https://doi.org/10.3390/su122410336 

Seino, T., & Foster, C. (2021). Analysis of the final comments provided by a 

knowledgeable other in lesson study. Journal of Mathematics Teacher 

Education, 24(5), 507–528. https://doi.org/10.1007/s10857-020-09468-y 

Shapovalov, V., & Stryzhak, O. (2023). Transdisciplinary integration of knowledge 

in the environment of a virtual stem center. Innovative Technologies and 

Scientific Solutions for Industries, 4(26), 95–107. 

https://doi.org/10.30837/ITSSI.2023.26.095 

Sharicz, C. A., & Lees, P. M. (2014). The unfolding of a professional learning 

community. Pedagogy and the Human …, 4(1), 39–50. 

https://scholarworks.merrimack.edu/phs/vol4/iss1/4/%0Ahttps://scholarwork



 

xxxvii 

 

s.merrimack.edu/cgi/viewcontent.cgi?article=1025&context=phs 

Shermukhammadov, B. (2022). Creativity of a Teacher in an Innovative 

Educational Environment. Journal of Higher Education Theory and Practice, 

22(12). https://doi.org/10.33423/jhetp.v22i12.5468 

Siew, N. M. (2016). Integrating stem in an engineering design process: The learning 

experience of rural secondary school students in an outreach challenge 

program. Journal of Baltic Science Education, 15(4), 477–493. 

https://api.elsevier.com/content/abstract/scopus_id/84987677319 

Silberstein, L., & Hoter, E. (2023). Professional Learning Communities ( PLCs ) 

for English Teachers as an Effective Alternative Framework for Professional 

Development. 7(Yeh 2005), 1–8. 

Silva, J. B., Silva, I. N., & Bilessimo, S. (2020). Technological structure for 

technology integration in the classroom, inspired by the maker culture. Journal 

of IIformation Technology Education: Research, 19, 168–204. 

Simpson, R., Newton, D. P., & Newton, L. (2023). Developing Creative Teaching 

Skills in Pre-Service Teachers. International Journal for Talent Development 

and Creativity, 10(1–2), 163–178. https://doi.org/10.7202/1099950ar 

Smith, G., Arent, E., & Thesalonika, E. (2023). Teacher Professional Education 

Curriculum Reconstruction (PPG) (An Overview of the Integration Between 

Nasr’s Perennialism with Tri Education Center KH. Dewantara). KnE Social 

Sciences, 202, 84–95. https://doi.org/10.18502/kss.v8i10.13434 

Sternberg, R. J. (2010). Teaching for creativity. Nurturing Creativity in the 

Classroom, July, 394–414. https://doi.org/10.1017/CBO9780511781629.020 

Sternberg, R. J., Glaveanu, V., Karami, S., Kaufman, J. C., Phillipson, S. N., & 

Preiss, D. D. (2021). Meta-Intelligence: Understanding, Control, and 

Interactivity between Creative, Analytical, Practical, and Wisdom-Based 

Approaches in Problem Solving. Journal of Intelligence, 9(2), 19. 

https://doi.org/10.3390/jintelligence9020019 

Stoll, L. (2010). Professional Learning Community BT  - International 

Encyclopedia of Education. International Encyclopedia of Education, 151–

157. 

http://linkinghub.elsevier.com/retrieve/pii/B9780080448947004358%5Cnpa

pers2://publication/doi/10.1016/B978-0-08-044894-7.00435-8 

Struyf, A. (2019). Students engagement in different STEM learning environments: 

integrated STEM education as promising practice? International Journal of 

Science Education, 41(10), 1387–1407. 

https://doi.org/10.1080/09500693.2019.1607983 

Su, Y.-S., Tseng, W.-L., Cheng, H.-W., & Lai, C.-F. (2024). Applying STEM and 

extended reality technologies to explore students’ artificial intelligence 

learning performance and behavior for sustainable development goals. Library 

Hi Tech. https://doi.org/10.1108/LHT-08-2023-0362 



 

xxxviii 

 

Su, Y. (2011). Lifelong Learning as Being: The Heideggerian Perspective. Adult 

Education Quarterly, 61(1), 57–72. 

https://doi.org/10.1177/0741713610380442 

Sukiyani, F. (2023). Investigating Elementary School Teachers’ Challenges and 

Needs in Implementing STEM Education: The Case of Nusa Tenggara Barat 

Indonesia (pp. 77–84). https://doi.org/10.2991/978-94-6463-220-0_9 

Sund, P. J., & Gericke, N. (2021). More than two decades of research on selective 

traditions in environmental and sustainability education—seven functions of 

the concept. Sustainability (Switzerland), 13(12). 

https://doi.org/10.3390/su13126524 

Suprapto, N. (2016). Students’ attitudes towards STEM education: Voices from 

Indonesian junior high schools. Journal of Turkish Science Education, 13, 75–

87. https://doi.org/10.12973/tused.10172a 

Susilowati, E., Suyidno, Mayasari, T., Zainuddin, Sholahuddin, A., Miriam, S., & 

Winarno, N. (2020). Science, Technology, Engineering, and Mathematics 

Education for Sustainable Energy in Wetland Environment. Proceedings of 

the 1st South Borneo International Conference on Sport Science and 

Education (SBICSSE 2019). https://doi.org/10.2991/assehr.k.200219.055 

Sutarsih, C., & Saud, U. S. (2019). The Implementation of Professional Learning 

Community for Elementary Teachers. International Journal for Educational 

Studies, 11(February), 157–168. 

www.journals.mindamas.com/index.php/educare 

Suyatna, A., Abdurrahman, A., Distrik, I. W., Maulina, H., & Nurulsari, N. (2022). 

WORKSHOP INTERNASIONAL STEM EDUCATION: INTEGRASI 

SCIENCE, TECHNOLOGY, SOCIETY, AND ENVIRONMENT UNTUK 

MENINGKATKAN TPACK GURU. Ruang Pengabdian : Jurnal 

Pengabdian Kepada Masyarakat, 2(1), 56–65. 

https://doi.org/10.23960/rp/v2i1.hal.56-65 

Swanson, R. D. (1999). BOUNDARY CROSSINGS BETWEEN 

PROFESSIONAL COMMUNITIES: DESIGNING ONLINE 

COLLABORATIVE LEARNING OPPORTUNITIES FOR INFORMAL 

STEM EDUCATORS. New England Journal of Medicine, 372(2), 2499–

2508. 

http://www.ncbi.nlm.nih.gov/pubmed/7556065%0Ahttp://www.pubmedcentr

al.nih.gov/articlerender.fcgi?artid=PMC394507%0Ahttp://dx.doi.org/10.101

6/j.humpath.2017.05.005%0Ahttps://doi.org/10.1007/s00401-018-1825-

z%0Ahttp://www.ncbi.nlm.nih.gov/pubmed/27157931 

Sweller, J., & Chandler, P. (1991). Evidence for Cognitive Load Theory. Cognition 

and Instruction, 8(4), 351–362. https://doi.org/10.1207/s1532690xci0804_5 

Sya’bandari, Y., Aini, R. Q., Rusamana, A. N., & Ha, M. (2021). Indonesian 

students’ STEM career motivation: A study focused on gender and academic 

level. Journal of Physics: Conference Series, 1957(1). 

https://doi.org/10.1088/1742-6596/1957/1/012029 



 

xxxix 

 

Syahria, N., Mukminatien, N., El Khoiri, N., & Tresnadewi, S. (2024). “I am so 

lucky to be part of this community”: Online professional learning communities 

to support teacher professional development (TPD) in higher education. 

Journal on English as a Foreign Language, 14(1), 261–284. 

https://doi.org/10.23971/jefl.v14i1.7823 

Tabak, H., & Şahin, F. (2020). Investigating the Relationship Between School 

Effectiveness Professional Learning Communities and School Culture: 

Context of Teacher Characteristics. Education Reform Journal, 5(2), 45–59. 

https://doi.org/10.22596/erj2020.05.02.45.59 

Tayag, J. R. (2020). Professional Learning Communities in Schools: Challenges 

and Opportunities. Universal Journal of Educational Research, 8(4), 1529–

1534. https://doi.org/10.13189/ujer.2020.080446 

Teo, T. W., Tan, A. L., Ong, Y. S., & Choy, B. H. (2021). Centricities of STEM 

curriculum frameworks: Variations of the S-T-E-M Quartet. STEM Education, 

1(3), 141. https://doi.org/10.3934/steme.2021011 

Thao, T. T. P., Trung, N. T., Huong, L. T. T., Dinh, N. Van, Trung, T., & Ha, C. T. 

(2020). A Bibliometric Review of Research on STEM Education in ASEAN: 

Science Mapping the Literature in Scopus Database, 2000 to 2019. Eurasia 

Journal of Mathematics, Science and Technology Education, 16(10), em1889. 

https://doi.org/10.29333/ejmste/8500 

Thornhill-Miller, B., Camarda, A., Mercier, 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/jintelligence11030054 

Toma, R. B., & Greca, I. M. (2018). The effect of integrative STEM instruction on 

elementary students’ attitudes toward science. Eurasia Journal of 

Mathematics, Science and Technology Education, 14(4), 1383–1395. 

https://doi.org/10.29333/ejmste/83676 

Torres, K. M., & Statti, A. (2022). The Impact of Teacher Leaders in STEM 

Education (pp. 56–73). https://doi.org/10.4018/978-1-6684-5920-1.ch004 

Tran, L. T. B., Ho, N. T., & Hurle, R. J. (2016). Teaching for Creativity 

Development: Lessons Learned from a Preliminary Study of Vietnamese and 

International Upper (High) Secondary School Teachers’ Perceptions and 

Lesson Plans. Creative Education, 07(07), 1024–1043. 

https://doi.org/10.4236/ce.2016.77107 

Trie Kurniawan, D., Yuniarti, Y., Yanthi, N., Yunansah, H., Sukardi, R., & 

Maryanti, S. (2020). STEM FROM HOME: THE TRAINING FOR 

PRIMARY SCHOOL TEACHERS IN BANDUNG WETAN AS A SCIENCE 

LEARNING ALTERNATIVE DURING THE COVID-19 PANDEMIC. 

PICS-J: Pasundan International of Community Service Journal, 2. 



 

xl 

 

https://doi.org/10.23969/pics.v2i2.3328 

Tucker, C. B., Byrd, K. O., Gossen, D., & Morrison, K. (2024). Teacher Self-

Efficacy and Preparedness for Integrating STEM Education Using a Project-

Based Learning Approac. Journal of Research in Science, Mathematics and 

Technology Education, 43–59. https://doi.org/10.31756/jrsmte.313SI 

UNECE. (2011). Learning for the future. In Eureka (Vol. 26, Issue 12). 

https://doi.org/10.7748/ns.13.4.58.s49 

UNESCO. (2017). Education for sustainable development goals learning 

objectives. UNESCO. 

UNESCO. (2021). Skills development and climate change action plans. United 

Nations Educational Scientific and Cultural Organization. 

UURI. (2005). Lampiran Undang-udang Guru dan Dosen. Undang-Udang RI, 

22(3). 

http://dx.doi.org/10.1016/j.ocemod.2013.04.010%0Ahttp://dx.doi.org/10.101

6/j.ocemod.2011.06.003%0Ahttp://dx.doi.org/10.1016/j.ocemod.2008.12.004

%0Ahttp://dx.doi.org/10.1016/j.ocemod.2014.08.008%0Ahttp://dx.doi.org/1

0.1016/j.jcp.2009.08.006%0Ahttp://dx.doi 

Valtonen, T., Sointu, E., Kukkonen, J., Kontkanen, S., Lambert, M. C., & Mäkitalo-

Siegl, K. (2017). TPACK updated to measure pre-service teachers’ twenty-

first century skills. Australasian Journal of Educational Technology, 33(3), 

15–31. https://doi.org/10.14742/ajet.3518 

Vescio, V., Ross, D., & Adams, A. (2008). A review of research on the impact of 

professional learning communities on teaching practice and student learning. 

Teaching and Teacher Education, 24(1), 80–91. 

https://doi.org/10.1016/j.tate.2007.01.004 

Voogt, J., Knezek, G., Cox, M., Knezek, D., & ten Brummelhuis, A. (2013). Under 

which conditions does ICT have a positive effect on teaching and learning? A 

Call to Action. Journal of Computer Assisted Learning, 29(1), 4–14. 

https://doi.org/10.1111/j.1365-2729.2011.00453.x 

Wafa, M. A., & Sutomo, I. (2023). Analysis of Teachers’ Pedagogic and 

Professional Competence in Utilizing TPACK. AS-SABIQUN, 5(4), 1102–

1113. https://doi.org/10.36088/assabiqun.v5i4.3654 

Wahyuningsih, S., Rusilowati, A., & Hindarto, N. (2018). Analisis Miskonsepsi 

Literasi Sains Menggunakan Three Tier Multiple Choice Test Materi Cahaya. 

Phenomenon : Jurnal Pendidikan MIPA, 8(2), 114–128. 

https://doi.org/10.21580/phen.2018.8.2.2494 

Warnes, C. (2023). Integrated STEM Education [University of Groningen]. 

https://doi.org/10.33612/diss.569362486 

Weinberg, A. E. (2021). Professional Growth and Identity Development of STEM 

Teacher Educators in a Community of Practice. International Journal of 

Science and Mathematics Education, 19, 99–120. 



 

xli 

 

https://doi.org/10.1007/s10763-020-10148-9 

Widodo, A. (2021). Pembelajaran Ilmu Pengetahuan Alam Dasar-Dasar untuk 

Praktik. In UPI Press. 

Widodo, H. P., & Allamnakhrah, A. (2020). The impact of a blended professional 

learning community on teacher educators’ professional identity: towards 

sustainable teacher professional development. Journal of Education for 

Teaching, 46(3), 408–410. https://doi.org/10.1080/02607476.2020.1761249 

Wu, T., Liang, S., Zheng, L., Lin, Y., Guo, Z., & ... (2019). Assessment and 

optimization of the circadian performance of smartphone-based virtual reality 

displays. IEEE Journal of the …. 

https://ieeexplore.ieee.org/abstract/document/8642876/ 

Wu, Z. (2022). Understanding teachers’ cross-disciplinary collaboration for 

STEAM education: Building a digital community of practice. Thinking Skills 

and Creativity, 46, 101178. https://doi.org/10.1016/j.tsc.2022.101178 

Yang, J., Zhang, Y., Zhou, Y., & Ji, Y. (2023). What are the core features of 

professional learning community in Chinese preschool teachers’ perspectives: 

based on grounded theory analysis. Frontiers in Psychology, 14. 

https://doi.org/10.3389/fpsyg.2023.1177321 

Yoo, H., & Jang, J. (2023). Effects of professional learning communities on teacher 

collaboration, feedback provision, job satisfaction and self-efficacy: Evidence 

from Korean PISA 2018 data. Compare: A Journal of Comparative and 

International Education, 53(8), 1355–1372. 

https://doi.org/10.1080/03057925.2022.2036591 

Zahedi, S., Bryant, C. L., Iyer, A., & Jaffer, R. (2021). Professional learning 

communities at a primary and secondary school network in India. Asia Pacific 

Education Review, 22(2), 291–303. https://doi.org/10.1007/s12564-020-

09665-7 

Zhu, C. (2013). How Innovative are Schools in Teaching and Learning? A Case 

Study in Beijing and Hong Kong. Asia-Pacific Education Researcher, 22(2), 

137–145. https://doi.org/10.1007/s40299-012-0006-4 

Акірі, І. (2024). STEM EDUCATION IN THE CONTEXT OF THE 

TRANSDISCIPLINARY PARADIGM. Education: Modern Discourses, 6, 

161–169. https://doi.org/10.37472/2617-3107-2023-6-14 

 

 


