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PELATIHAN STEM LEARNING BERBASIS INTERNET OF THINGS
(STEM-I0oT) PADA TEMA HEMAT ENERGI UNTUK MENINGKATKAN
TPACK DAN KREATIVITAS GURU IPA DI JAWA BARAT

ABSTRAK

Penelitian ini bertujuan untuk mengembangkan dan mengevaluasi pelatihan STEM
learning berbasis Internet of Things (STEM-IoT) dalam meningkatkan
kompetensi Technological Pedagogical Content Knowledge (TPACK) dan
kreativitas guru IPA. Metode penelitian yang digunakan adalah mixed methods
dengan exploratory squential design. Fokus penelitian ini pada tiga aspek utama,
yaitu pengembangan, pelaksanaan, dan kebermanfaatan pelatihan terhadap
peningkatan TPACK guru IPA. Partisipan yang terlibat dalam penelitian ini
sebanyak 79 guru IPA yang bertugas di Jawa Barat. Instrumen yang digunakan
diantaranya: lembar analisis dokumen, soal kemampuan TPACK guru, lembar
observasi, angket, lembar penilaian RPP STEM IoT, panduan wawancara, dan
catatan lapangan. Data kuantitatif dianalisis dengan menggunakan uji statistik
sedangkan data kualitatif digunakan untuk menggali informasi tentang
pengembangan program pelatihan STEM IoT untuk meningkatkan TPACK guru
IPA. Hasil penelitian menunjukkan bahwa perancangan program pelatthan STEM
learning berbasis Internet of Things (STEM IoT) yang dikembangkan memiliki
karakteristik berlandaskan teori belajar andragogi dan model TPACK dengan
menggunakan pendekatan inovasi STEM-IoT dan tehnik /earning by doing.
Program pelatihan STEM IoT dinilai valid dalam meningkatkan TPACK dan
kreativitas guru IPA. Dimana kompetensi TPACK meningkat dengan kategori
tinggi. Kreativitas guru IPA dalam mendesain pembelajaran STEM IoT pada tema
hemat energi memilliki nilai persentase pada aspek fluency dengan rata-rata 86%
berkategori sangat baik, flexibility 71% berkategori baik, dan originality 60%
dengan kategori cukup. Guru IPA memberikan respon positif terhadap
pelaksanaan program pelatihan STEM IoT pada tema hemat energi dan hampir
lebih dari 90% tertarik untuk melaksanakan pembelajaran STEM IoT dan
merancang produk IoT. Pelatihan STEM-IoT memiliki potensi besar dalam
menyiapkan guru untuk menghadapi tantangan pendidikan abad ke-21 dan
mendorong pembelajaran yang mendukung pencapaian kompetensi era Society
5.0 dan tujuan pembangunan berkelanjutan (SDGs).

Kata kunci: Guru IPA, Internet of Things, Kreativitas, STEM, TPACK.



INTERNET OF THINGS-BASED STEM LEARNING TRAINING (STEM-
IoT) ON THE THEME OF ENERGY SAVING TO IMPROVE TPACK AND
CREATIVITY OF SCIENCE TEACHERS IN WEST JAVA

ABSTRACT

This study aims to develop and evaluate Internet of Things-based STEM learning
training (STEM-IoT) in improving the Technological Pedagogical Content
Knowledge (TPACK) competency and creativity of science teachers. The research
method used is mixed methods with exploratory sequential design. The focus of
this study is on three main aspects, namely the development, implementation, and
usefulness of training on improving TPACK of science teachers. Participants
involved in this study were 79 science teachers working in West Java. The
instruments used include: document analysis sheets, teacher TPACK ability
questions, observation sheets, questionnaires, STEM IoT lesson plan assessment
sheets, interview guides, and field notes. Quantitative data were analyzed using
statistical tests while qualitative data were used to gather information about the
development of STEM IoT training programs to improve TPACK of science
teachers. The results of the study indicate that the design of the Internet of Things-
based STEM learning training program (STEM IoT) developed has characteristics
based on andragogy learning theory and TPACK model using the STEM-IoT
innovation approach and learning by doing techniques. The STEM IoT training
program is considered valid in improving TPACK and creativity of science
teachers. Where TPACK competency increased with a high category. The
creativity of science teachers in designing STEM IoT learning on the theme of
energy saving has a percentage value in the fluency aspect with an average of
86% in the very good category, flexibility 71% in the good category, and
originality 60% in the sufficient category. Science teachers gave a positive
response to the implementation of the STEM IoT training program on the theme
of energy saving and almost more than 90% are interested in implementing STEM
IoT learning and designing [oT products. STEM-IoT training has great potential in
preparing teachers to face the challenges of 21st-century education and encourage
learning that supports the achievement of competencies in the Society 5.0 era and
sustainable development goals (SDGs).

Keywords: Science IPA, Internet of Things, Creativity, STEM, TPACK.



UCAPAN TERIMA KASIH

Penulis menyadari sepenuhnya, bahwa dalam penyelesaian disertasi ini tidak

terlepas dari bantuan dan bimbingan berbagai pihak. Untuk itu pada kesempatan

ini penulis ingin menyampaikan terima kasih dan penghargaan yang setinggi-

tingginya kepada yang terhormat;

1.

Ibu Prof. Dr. Hj. Diana Rochintaniawati, M.Ed., selaku Promotor dalam
penulisan disertasi ini dan dosen yang ditengah-tengah kesibukannya telah
memberikan bimbingan yang mendalam dengan sabar dan kritis terhadap
permasalahan, selalu memberikan motivasi mulai dari awal sampai akhir.

Ibu Prof. Dr. Lilik Hasanah, M.Si., selaku Ko-Promotor dalam penulisan
disertasi dan dosen yang dengan sabar memberikan bimbingan dan arahan
sejak permulaan sampai dengan selesainya disertasi ini.

Bapak Iwan Kustiawan, S.Pd., M.T., Ph.D selaku Anggota-Promotor dalam
penulisan disertasi dan dosen yang dengan sabar memberikan bimbingan dan
arahan sejak permulaan sampai dengan selesainya disertasi ini.

Penulis yakini betul bahwa seluruh tim promotor, tidak pernah sekalipun
menolak untuk dihubungi, walau ketiganya memiliki jabatan dan kesibukan
yang luar biasa, namun senantiasa menyempatkan waktu dalam membimbing
dan mendengarkan setiap keluh kesah penulis dalam berjuang melalui setiap
proses penelitian dan penyelesaian studi ini.

Ibu Prof. Dr. Hj. Anna Permanasari, M.Si. selaku penguji luar, terima kasih
karena berkenan meluangkan waktu dan memberikan arahan terhadap
kelengkapan disertasi ini,

Bapak Dr. Eka Cahya Prima, M.T., selaku penguji internal, terima kasih
sudah berkenan memberikan masukan terhadap kelengkapan disertasi ini.
Bapak Prof. Dr. Phil Ari Widodo, M.Pd selaku ketua Program Studi Doktoral
Pendidikan IPA FMIPA UPI yang telah memberikan kesempatan dan arahan

dalam penulisan disertasi ini.



10.

11.

12.

13.

14.

15.

16.

Bapak Hanna Nurdiana selaku staff akademik Program Studi Doktoral
Pendidikan IPA FMIPA UPI yang telah memberikan informasi bantuan
dalam setiap proses penyelesaian studi.

Bapak dan Ibu dosen pada Program Doktoral Pendidikan IPA, yang telah
banyak memberikan bimbingan dan ilmu kepada penulis selama menempuh
pendidikan.

Suamiku tercinta Deni Irawan, S.Pd.I., M.M. atas ridho dan dukungan dalam
segala hal baik moral maupun finansial, serta anak-anakku tercinta, Muhamad
Nabhan Al Farizi, Muhamad Fathul Ilmi Muzaki, Adiba Zaina Sholihah, dan
Aqila Fahima Nur Kamilah, terima kasih sudah sabar menghadapi kondisi
ibunya yang banyak absen dalam membersamai.

Bapak Kepala Sekolah Bapak Haris Royani, M.M, tim manajemen dan
seluruh staff pendidik dan tenaga kependidikan, serta siswa siswi di
lingkungan SMK Al Hadi Bandung.

Seluruh Tim CV Denia Solusi Mandiri, SEAMOLEC, Pudak Scientific,
Maromav Ltd, Pascasarjana UIN Sunan Gunung Djati Bandung, MGMP
IPAS Garut, MGMP IPAS Ciamis, dan guru-guru IPA hebat yang terlibat
dalam pengumpulan data sehingga disertasi ini dapat diselesaikan.

Bapak Ketua KJP Prof. Asep Bayu Dani Nandiyanto, S.T., M.Eng. dan
Seluruh Tim Kantor Jurnal Publikasi UPI yang telah memberikan kesempatan
dan pengalaman luar biasa dalam bidang publikasi.

Ibu Direktur International Program Dr. Senny Luckyardi, S.P., M.M. beserta
Staf Bidang Publikasi Universitas Komputer Indonesia.

Bapak Ketua Prodi Pendidikan Biologi, Dr. Aa Juhanda, M.Pd, seluruh dosen
dan Mahasiswa Pendidikan Biologi UMMI Sukabumi.

Seluruh keluarga tercinta, khususnya Ayahanda Kosim Suhendar dan Ibunda
Karwati, Kakak tercinta Enceu Rohala dan Siti Aisyah, Adik tercinta
Kamaludin dan Muhamad Yusup Hidayat, serta Keluarga Besar Bapak Kosim
Suhendar atas doa, pengertian, dorongan dan pengorbanan yang diberikan,
sebab tanpa dorongan dan pengorbanannya mustahil disertasi ini dapat

diselesaikan.

Vi



17.

18.

19.
20.

Seluruh keluarga besar Ayah Anom Sukiman dan Ibu Juju Sumiati, Kakakku
Yanti Herawati dan Rini Rahmawati, Adikku Dini Indriyani, Elis Kumala,
Rizki Pahlepi, Dinar Khoerudin, Ginanjar Pangestu, dan Zaenudin Mazid.
Teman-teman seperjuangan S3 Pendidikan IPA angkatan 2021, sebagai teman
berbagi rasa dalam suka dan duka dan atas segala bantuan dan kerja samanya
sejak mengikuti studi sampai penyelesaian penelitian dan penulisan disertasi.
Seluruh Keluarga Besar Warga Perumahan Linggar Jaya Baru Residence
Semua pihak yang tidak dapat disebutkan namanya satu persatu. Semoga
segala amal kebaikan yang telah Bapak, Ibu dan teman-teman perbuat demi
kelancaran penyelesaian disertasi ini, mendapat balasan karunia nikmat dari

Allah SWT yang berlipat-lipat. Wassalamu’ alaikum Wr.Wb.

vii



DAFTAR ISI

HALAMAN PENGESAHAN DISERTASL.......ucoiniininnnensenssnnnsannsanenns
PENYATAAN KEASLIAN DISERTASL......cuconnenninnnnnsnnnssnessanesnesanes

KATA PENGANTAR

ABSTRAK ...uirririitinnennnnnennesnesnisssesnsssnsssesssssssssssssssssssssessassasssassaes
UCAPAN TERIMA KASIH

DAFTAR ISLuuuceieniininnnensnnennensnnsssnnssncsssesssnssssesssnesssssssssssasssssssssssssses

DAFTAR TABEL

DAFTAR GAMBAR......uooitinintnnrennesnennesnnssesssessssssssssssasssssssessasssens
DAFTAR LAMPIRAN.....coiniiitinsnnnsnensaensssnsssnsssnesssnssssssssssssnsssssssassssaases

BAB I PENDAHULUAN

1.1. Latar Belakang............ccceevvieiiieiiiieiieeiecie e
1.2. Rumusan Masalah...........ccocooiiiiiiiniiniiieececee
1.3. Batasan Masalah............ccoceiiiiiiiiiiinieeeeeeeee e
1.4. Tujuan Penelitian...........ccoooiiiiiiiiiniiiieeee e

1.5. Manfaat Penelitian.......cocoeeeeeeeeeeeeeeee et eeeeeens

1.6. Ruang Lingkup Penelitian............cccoeveveeeriiriniieeiiiieciee e

1.7. Struktur Organisasi DiSertasi.........cccceeeevuervieriineenensicneenienns

BAB II TINJAUAN PUSTAKA

2.1. Pembelajaran IPA pada Kurikulum 2013 dan Kurikulum

METAEKA. ..o

2.2. Analisis Kurikulum IPA dengan Menggunakan Pendekatan

2.3. Kemampuan Technological Pedagogical Content Knowledge

N TN ©) S YO

2.4, Kreativitas. ...o.oe et
2.5. Program Pelatihan STEM Learning.............cccceceeeevveenenceennnns
2.6. Internet of Things (I0T) .....eeevevveeiiieeieeeeee e
2.7. Hemat ENeTEl.....ccccvieiiiieeiiiecieeeeeeee et

2.8. KOompetensi GUIU.........cc.eeriieiiieniieiieeie et

viii

iii
iv
vi
ix
xii
XV

Xix

10
18
10
11
13
15



BAB III METODE PENELITIAN 92
3.1. Desain Penelitian..........ccccoeouieiiiiiiiniiiiieieeeeeeeee e, 92
3.2, PartiSIPan.....ccccueeeeiieeciieeeieeeciee et e e ee et e et e 96
3.3 INSTIUMEN. ¢ 97
3.4. Prosedur Penelitian...........ccceveeviiriineniienienieieseeeeeeene 111
BAB IV HASIL DAN PEMBAHASAN 123
4.1. Karakteristik Program Pelatihan STEM IoT..............cccc.c... 123
4.1.1. Analisis Kebutuhan berdasarkan Kurikulum................... 125
4.1.2. Analisis Kebutuhan berdasarkan Materi Pokok............... 130

4.1.3. Analisis Komponen STEM-IoT pada Sumber Belajar

(Buku yang digunakan pada pembelajaran [PA).............. 139
4.1.4. Analisis Kebutuhan Kompetensi Siswa............c.cccvennnne 149
4.1.5. Analisis Kebutuhan Kompetensi Guru IPA..................... 163
4.1.6. Analisis Kebutuhan Project Internet of Things (IoT)

dalam Pembelajaran IPA.............oooiiiiiiiiiee 180
4.1.7. Efektivitas kebutuhan teknologi IoT untuk menunjang

pembelajaran STEM..........cccooeiiiiniiiiiieeeeeeeeee, 195
4.1.8. Analisis Efektivitas Materi Hemat Energi berbasis IoT

dalam Pembelajaran STEM.........cccccceviiniiiininiiicnnne 197
4.1.9. Rancangan Program Pelatihan STEM IoT .................. 201
4.1.10. Ujicoba Program Pelatihan STEM IoT................... 209

4.2. Kelayakan Program Pelatihan STEM IoT...........ccccoevienenee. 211

4.3. Efektivitas Program Pelatihan STEM IoT pada Tema Hemat
Energi untuk Meningkatkan TPACK Guru

4.4. Kebermanfaatan program pelatihan STEM Learning berbasis
Internet of Things (STEM IoT) pada Tema Hemat Energi
untuk Meningkatkan TPACK guru
IPA 221

4.5. Kreativitas Guru IPA dalam Membuat Rencana Pembelajaran 230



STEM Learning Berbasis [oT (STEM IoT) pada Tema Hemat

Energl. ..o
4.6. Respon Guru terhadap Program Pelaksanaan Pelatihan STEM
L0 235
BAB V PEMBAHASAN 241
5.1. Karakteristik Program Pelatihan STEM IoT....................... 241
5.2. Kelayakan Program Pelatihan STEM IoT pada Tema Hemat
ENergi. . e 256

5.3. Efektivitas Program Pelatihan STEM IoT pada Tema Hemat
Energi untuk Meningkatkan TPACK Guru

DR A . 257

5.4. Profil Kreativitas Guru IPA ........ ..., 258

5.5. Respon Guru Terhadap Program Pelatihan STEM IoT.......... 259

BAB VI SIMPULAN, IMPLIKASI, DAN REKOMENDASI.............. 262
6.1, SIMPUIAN.....oeiiiiii e 262

6.2, IMPIIKAST...c.vvieeiiieeciiie ettt aae e saae e 264

6.3. Rekomendasi.........ccceoieiiiiiiiiiiinieeeee e 265
DAFTAR PUSTAKA 269
LAMPIRAN-LAMPIRAN.....ccccinrinnuissenssesssrsssssssssssssasssssssssssssssssasssasssssss 299
DAFTAR RIWAYAT HIDUP. 323




DAFTAR TABEL

Tabel 2.1. Perbedaan karakteristik pembelajaran IPA berdasarkan kurikulum

2013 dan kurikulum merdeka..........ccccooiiiiiiiiiiii, 18
Tabel 2.2. Analisis STEM pada kompetensi dasar IPA SD........cccccecveveriennenne 19
Tabel 2.3. Analisis STEM pada Kompetensi Dasar dan Capaia Pembelajaran

untuk Pembelajaran IPA di SMK .........cccoooiiiiiiieiieee e, 23
Tabel 2.4. Komponen Utama Struktur TPACK bagi Guru IPA.................. 27
Tabel 2.5. Penelitian tentang Upaya Peningkatan TPACK Guru IPA....... 29
Tabel 2.6.Kompetensi di Era Society dan Pencapaian SDGs ...........ccccceueenee. 43
Tabel 2.7. Perkembangan [oT dari masa ke masa.........cccccoeveeriieninnicennnnnnen. 46
Tabel 2.8. Penelitian terdahulu tentang 10T .........ccocoeviiiiiiiiiniiieeeee, 49
Tabel 2.9. Peran [oT dalam Pendidikan ............ccccooeiiiniiiiniininiiieceiee 50
Tabel 2.10. Pemanfaatan Teknologi [oT dalam Pembelajaran IPA................... 54
Tabel 2.11. Pemanfaatan Teknologi IoT dalam Pembelajaran STEM....... ...... 56

Tabel 2.12. Hubungan antara Materi Sains dan Tipe Sensor yang Digunakan 72

Tabel 2.13. Penelitian terdahulu tentang Pemanfaatan Teknologi dalam

Menghemat ENergi .......cccovvuiieiiiieiiiieiieeieeeeeeeeee e 77
Tabel 2.14. Peran IoT dalam mendukung hemat energi..........cccceeveevereriennnene 78
Tabel 2.15. Dasar Hukum Kompetensi Guru di Indonesia ..........c.cccccueeueenneee. 86
Tabel 3.1. Sampel Penelitian...........cccceeviieeiiiieiiieeieeeeeeeeee e 97
Tabel 3.2. Instrumen Penelitian..........ccoccooiiiiiiiiiiiiniieceeeceen 98
Tabel 3.3. Indikator Komponen Tes TPACK............ccooiiiiiiiiiiiiiinn, 101
Tabel 3.4. Kategori Kemampuan TPACK Guru IPA..................cooiein. 102
Tabel 3.5. Kategori Kekuatan Korelasi antara Variabel........................... 102
Tabel 3.6. Saran Validator............c.oooiiiiiii 103
Tabel 3.7. Validasi Hasil Uji Coba Tes TPACK............ccooiiiiiiiiiiiiinn.. 103
Tabel 3.8. Reliabilitas Hasil Uji Coba Soal..................oooiiiiiiiiiin 104
Tabel 3.9. Soal Kemampuan TPACK..........cooiiiiiiiiiiiiiiiiiiiieeeeae 104
Tabel 3.10. Indikator dan Kriteria Kreativitas..............coooooiiiiiiii.n. 106
Tabel 3.11. Indikator Keterlakasanaan................c..cooiiiiiiiiiiin .. 108

Xi



Tabel 3.12. Kisi-Kisi AngKet........coooiiiiiiiiiiii i 110

Tabel 3.13. Kisi-Kisi Wawancara............coooviieiiiiiiiiniiniinineneanens 111

Tabel 3.14. Outline modul 10T ........cccoiiiiiiiii e, 113
Tabel 3.15. Catatan dari validator terhadap modul pelatihan........................... 116
Tabel 3.15. Hasil uji keterbacaan modul pelatihan ............ccccoeeveniiiiiiennnnen. 117
Tabel 3.16. One Group Pre Test POStHest ......c.ccoeeeevierieeiieieciieieeieee e, 121
Tabel 3.17. Kategori N-Gain.......c..ccovuvieiiiieiiieeiee e svee e 122
Tabel 3.18. Kreativitas Merancang RPP ............ccccoooiiieiiiiciiiceee e, 122

Tabel 4.1. Analisis Perbedaan Kurikulum 2013 dan Kurikulum Merdeka ...... 125
Tabel 4.2.Perbandingan Karakteristik Kurikulum 2013 dan Kurikulum

Merdeka untuk setiap Jenjang dan Potensi Pengembangan Ilmu

Pengetahuan Alam (IPA) ......coooiiiiiiii e, 126
Tabel 4.3. Perbedaan Karakteristik Kurikulum 2013 dan Kurikulum
Merdeka khusus untuk Jenjang SMK .........c.ccccevviienieniiieniienieenen. 128
Tabel 4.4. Perbandingan Materi IPA yang dipelajari pada Jenjang SD, SMP,
SMA, SMK pada Kurikulum 2013 ........cccccoiiiiiiiiiieeee 130
Tabel 4.5. Perbandingan Materi IPA yang dipelajari pada Jenjang SD, SMP,
SMA, SMK pada Kurikulum Merdeka ...........ccccevvviiiniieiniieenne. 134
Tabel 4.6. Analisis Buku IPA tentang Ketersediaan STEM-IoT di SD............ 140
Tabel 4.7. Analisis Buku IPA tentang Ketersediaan STEM-IoT di SMP......... 142

Tabel 4.8. Analisis Buku IPA tentang Ketersediaan STEM-IoT di SMA ........ 143
Tabel 4.9. Analisis Buku IPA tentang Ketersediaan STEM-IoT di SMK ........ 149
Tabel 4.10. Analisis Kompetensi Siswa yang Perlu ditingkatkan sesuai SKL. 150

Tabel 4.11. Kompetensi Siswa yang diperlukan di Era Society 5.0................. 151
Tabel 4.12. Peran pembelajaran IPA untuk meningkatkan kompetensi sesuai

SDIGS ettt ettt ettt sttt nneens 154
Tabel 4.13. Kontribusi Teknologi terhadap SDGs di Era Society 5.0.............. 167
Tabel 4.14. Kompetensi Utama sesuai Perkembangan Teknologi ................... 170
Tabel 4.15. Perbandingan Kompetensi Guru yang Dibutuhkan pada

Kurikulum 2013 dan Kurikulum Merdeka............ccoccoeninincnne 177
Tabel 4.16. Hasil Survey Permasalahan Guru IPA.............ccocoiiiiiniiniienne 172

xii



Tabel 4.17 hasil tanggapan Guru IPA sekolah menengah terhadap

ketersediaan bahan ajar IPA berbasis STEM............ccccceevveeviennnnns 173
Tabel 4.18. Perbandingan Ketersediaan STEM dan EDP dalam RPP ............. 174
Tabel 4.19. Ketersediaan STEM dan EDP dalam Video Pembelajaran ........... 175
Tabel 4.20. Upaya dalam Meningkatkan TPACK Guru IPA..........c.cccoeeienee 177
Tabel 4.21. Jenis loT dalam Mendukung Pembelajaran IPA dan STEM......... 182

Tabel 4.22. Perbandingan kelebihan dan kekurangan penggunaan komponen

baik hardware dan software untuk digunakan dalam

pembelajaran STEM berbasis IoT........ccccccvvevieniiiciienieciieieeen 186
Tabel 4.23. Kebutuhan Daya Dukung untuk Pembelajaran STEM IoT........... 191
Tabel 4.24. Profil Peserta Ujicoba Proram Pelatihan........................... .. 198
Tabel 4.25. Hasil Evaluasi Program...................oooiiiiiiin, 199
Tabel 4.26 Proses Perbaikan Rancangan Istilah STEM-IoT ............cccceeueenee. 201
Tabel 4.27. Karakteristik Program.................ccooiiiiiiiiiiiiiiineen 205
Tabel 4.28. Rincian Alat Praktikum ............coccoiiiiiiiii e, 208
Tabel 4.29. Struktur Program .........cccccoceeviiiiiniiiinniniceecneesieeeceeesee e 211
Tabel 4.30. Validitas Program ............ccocceevieeiienieeiiienieeieesee et 212
Tabel 4.31. Hasil Uji StatiStiK ........ccooueeeriieeiiieeieeeieeeeeeeeeee e 222
Tabel 4.32.Nilai Signifikansi Hasil Tes........ccccoevviiriiiniiniiinieiiieieeeeeen 224
Tabel 4.33. Nilai Signifikansi Hasil Tes Akhir....................oo 225
Tabel 4.35. Hasil Analisis Materi..........coooieiiiiiiiiiiiiiiiiiiea 231
Tabel 4.36. Ringkasan............oooiiiiiiiii e 239

xiii



DAFTAR GAMBAR

Gambar 2.1. Aspek Kreativias ..........cooiiiiiiiiiiiiiiiiii e 35
Gambar 2.2. Tujuan hasil pelatihan guru ..........ccccoeeviieeeiieecieeeeeee e, 37
Gambar 2.3. Kerangka evaluasi pelatihan dengan model Kirkpatrick............. 39
Gambar 2.4. Kerangka evaluasi pelatihan dengan model CIPP....................... 40
Gambar 2.5. A model of teacher change model Guskey..........ccccoeeevvvenennnee. 40
Gambar 2.6. Enam asumsi pembelajaran dewasa ..........ccccceevveeeiieencieeerneeennee. 42
Gambar 2.7. Model TPACK ........cciiiiieiieeeeteee e 42
Gambar 2.8. Perkembangan [0T .........ccccoeviiiiiiiiiiiiieieceeee e 48
Gambar 2.9. Tokoh penting dalam perkembangan IoT...........cccocceeiininninin. 48
Gambar 2.10. Contoh Sensor yang Digunakan dalam Pembelajaran IPA ....... 58
Gambar 2.11. Contoh Jenis Akuator Gerak..........ccccoecveveeverienennienieneeienene 59
Gambar 2.12. Macam-Macam Mikrokontroler............ccccocevvenieneniencnnencene 59
Gambar 2.13. LoRa GateWay............ccccouviiiiiiiiiiiiiieeee e 60
Gambar 2.14. Contoh Sumber Daya LiStriK.........ccccooveeviiiinieninniniininicnene 60
Gambar 2.15. Tipe-tipe Gateway I0T ......cccoecvveiiiiiiiiiieeiecieeeeee e 61
Gambar 2.16. Contoh Cloud COMPULING .............cccvveeeiiieiiieiiiieeceeee e 61
Gambar 2.17. Contoh Cara Kerja Firmware..............c.cccocceeiroenincinccnencnn. 62
Gambar 2.18. Konsep Protokoler MQTT ......c.cooiiiiiiiiiiiiiieeee e 63
Gambar 2.19. Top 10 Cloud Platforms .........c.ccccouveeiiieeiiiiniieeeecee e 63
Gambar 2.20. USer INIETfACE.............ccueeecueeaiiieeiieeeeieeeieeeieeeieeesee e 64
Gambar 2.21. Keamanan dan Pengelolaan [0T........c..ccocooviniininiincncnniennne 65
Gambar 2.22. Keterhubungan antar komponen I0oT............coceveviiniinnnenn. 66
Gambar 2.23. Produk IoT Menggunakan Sensor Lingkungan ....................... 67
Gambar 2.24. Penggunaan Sensor Kelembaban Tanah..............cccccecvvvenennnee. 67
Gambar 2.25. Weather StALIONS .............c.coceevevieiieiiniiniiienieseeeeeese e 68
Gambar 2.26. Prototipe Robot Pengantar Barang..............cccceeevieniieieennnnnen. 69
Gambar 2.27. Contoh Smart FArming ............c.ccccveeveeeeecieeecieeeieeeceeeeveeeennes 70
Gambar 2.28. Piramida ENergi........cccceeevviieiiiieiiieeieeeieece e 72
Gambar 2.29. Komponen Utama Smart Energy Meter .............cccccceeeueennennse. 81

Xiv



Gambar 2.30. Proses Kinerja Smart Energy Meter................cccccvvevveeerannnne. 82
Gambar 2.31. Diagram Alur Kerja Smart Energy Meter (a) Real (b)

RangKaian ..........cooouvieeiiiiicieece e 83
Gambar 2.31. Contoh Ilustrasi Penggunaan Smart Energy Meter ................... 83
Gambar 2.32. Kerangka Pikir Penelitian...........cccoeeveviinciienieeiienieeieesieeen 88
Gambar 3.1. Model ADDIE. ... ..ot 93
Gambar 3.2. Desain Penelitian Mixeds Methods ...............cccccvvcievvenieeninnnnen. 94
Gambar 3.3. Alur Pelaksanaan STEM I0T.......cccccooiiiiiiiiiiieeeee, 116
Gambar 4.1. Proses Analisis yang Dilakukan .............ccoeevevieiiienieecieeninennen. 124
Gambar 4.2. Analisis STEM-IoT pada Kurikulum ..........c.cccceeeiieniiiiennnnen. 129
Gambar 4.3. Analisis Materi [PA Jenjang SD, SMP, SMA, dan SMK ............ 138

Gambar 4.4. Hasil Survei Siswa tentang Penggunaan: a) sifat sains, b)
Bahan Ajar IPA, c) Paktikum, d) Perencanaan produk, ¢) media
teknologi, dan f) pemecahan masalah dalam Pembelajaran. ...... 147
Gambar 4.5. Trends Penelitian Hubungan Penelitian Pendidikan dan
Kompetensi SISWa. .......coieieiienieiiieieeeee e 162

Gambar 4.6. Proses EDP dalam Membuat Lampu Otomoatis dengan

Menggunakan LDR ........cccooiviiiiiiiiiieceeeeeee e 194
Gambar 4.7. Contoh Materi Hemat Energi Relevan dengan SDGs.................. 198
Gambar 4.8. Alur Penerapan STEM-IoT dalam Pelatihan ............c.ccccoceeei. 203
Gambar 4.9. Rancangan Program Pelatihan STEM-IoT.........c.cccooeniininnee. 204
Gambar 4.10. KIT STEM..... oo 207
Gambar 4.11. Alur Kerja Arduino............coooeiiiiiiiiiiiiiiieeeee 208
Gambar 4.12. Pelaksanaan Ujicoba............cooiiiiiiiiiiiiiiiiiiiiieen, 210
Gambar 4.13. Dokumentasi Pelaksanaan Pelatihan STEM-IoT di tiga

daerah, a) Kota Bandung, b) Kab. Garut, dan c) Kab.

CRAIMNIS . ettt 218
Gambar 4.14. Lampu Berbasis IoT ..........coooiiiiiiiiiie 219
Gambar 4.15. Smoke Detector............oooiiiiiiiii 219
Gambar 4.16 Peningkatan Berpikir Kritis ..., 220
Gambar 4.17. Nilai Per Item Soal TPACK........c.cooiiiiiiiiiiiiie 226

XV



Gambar 4.18. Hubungan Nilai Pretest dan Posttet................c.ocooeiiiin. 227

Gambar 4.19. Nilai Pretest dan Posttest.............ccooiiiiiiiiiiiiiiiin, 227
Gambar 4.20 Peningkatan Kompetensi Guru ..............ccovviiiiiiiiiennnn.... 228
Gambar 4.21. Perbandingan Nilai TPACK ... 229
Gambar 4.24. Persentase komponen Kreativitas Perancangan Perangkat....... 230
Gambar 4.26 Respon terhadap materi..............ooeviiiiiiiiiiiiiiiiieenn.. 236
Gambar 4.27. Pendapat Guru terhadap Materi.................coooeiviiiiiiin.. 237
Gambar 4.29. Keberhasilan Merangkai Alat dan program........................ 237
Gambar 4.30. Kesan Pelaksanaan Pelatihan.......................o 238
Gambar 4.31. Persentase Jawaban Guru untuk Melanjutkan..................... 238
Gambar 4.32. Rangkuman Materi............cooooviiiiiiiiiiiiiiii 240
Gambar 5.1. STEM 0T ..o 252
Gambar 5.2. KIT STEM I0T ......coiiiiiiiiieeneeeeeeeee e 254

XVi



DAFTAR LAMPIRAN

Lampiran 1. Modul Pelatihan STEM IOT .......ccocuieiiierieeiieniieeiiesreeieesieeereeseneeneens 294
Lampiran 2. Susunan Acara Program Pelatihan STEM 0T ......cccoooveveiniinieneeiennnene. 295
Lampiran 3. Dokumentasi proses pelaksanaan Pelatihan STEM-IoT.............cccue....... 299
Lampiran 4. Rubrik Penilaian Tes TPACK. ........cccvviiieiuireririeenieeeeiee e eveeeevee e 300
Lampiran 5. Rubrik penilaian RPP ...........ccccooiiiiiiiiiiiie e 306
Lampiran 6. Indikator Keterlaksanaan Program Pelatihan STEM IoT................. 308
Lampiran 7. Kisi-kisi dan angket persepsi SUIT ........cceeveeeieerieriieenieeieenieeieens 309
Lampiran 8. Kisi-Kisi Wawancara Guru IPA............cooooiiiiiiinieeeee 310
Lampiran 9. Tes TPACK .........cccierieeiiieiieeieeneeeteesreeteesieeeseesssesseesssessseessaessseens 311
Lampiran 10. Hasil Jawaban TPACK guru IPA ..........ccooviieiieniiiieieeeeee e 312
Lampiran 11. Dokumentasi Hasil Wawancara Guru tentang Bahan Ajar STEM .313
Lampiran 12. LK Analisis STEM dalam K13.........cccoooiiiiiiiiieee 314
Lampiran 13. LK Analisis STEM dalam Kurikulum Merdeka.............ccccceueneene. 315
Lampiran 14. Format RPP/Modul Ajar STEM IOT .......cccvveriieiieniieeieenieereeseveeneens 316
Lampiran 15. RPP STEM I0T Guru IPA .......ccceoviiiiiniiiinieieeeneenieeee e 317
Lampiran 16. Lampiran Buku Ajar yang dianalisis .............ccceveeininireeninieeeeeeenne 318
Lampiran 17. Dokumen Kurikulum 2013 dan Kurikulum Merdeka ..........c.ccccouvneeee. 319
Lampiran 18. DOKUMENLAST.......cccueieriieeiiieeiieeerieeeite et 319

XVii



DAFTAR PUSTAKA

Abbas, N., & Bito, N. (2024). Students' Numeracy Literacy Ability through the
Implementation  of  Problem-Based  Learning and STEM
Approach. Technium Soc. Sci. J., 59, 40.

Abbasy, M. B., & Quesada, E. V. (2017). Predictable influence of IoT (Internet of
Things) in the higher education. International Journal of Information and
Education Technology, 7(12), 914-920.

Abdel-Basset, M., Manogaran, G., Mohamed, M., & Rushdy, E. (2019). Internet of
things in smart education environment: Supportive framework in the
decision-making process. Concurrency and Computation: Practice and
Experience, 31(10), e4515.

Abdelhamid, M. A., Abdelkader, T. K., Sayed, H. A., Zhang, Z., Zhao, X., & Atia,
M. F. (2025). Design and evaluation of a solar powered smart irrigation
system for sustainable urban agriculture. Scientific Reports, 15(1), 11761.

Abdurrahman, A., Nurulsari, N., Maulina, H., & Ariyani, F. (2019). Design and
validation of inquiry-based STEM learning strategy as a powerful
alternative solution to facilitate gift students facing 21st century
challenging. Journal for the Education of Gifted Young Scientists, 7(1),
33-56.

Abichandani, P., Sivakumar, V., Lobo, D., Iaboni, C., & Shekhar, P. (2022). Internet-
of-things curriculum, pedagogy, and assessment for STEM education: A
review of literature. leee Access, 10, 38351-38369.

Abir, S. A. A., Anwar, A., Choi, J., & Kayes, A. (2021). Iot-enabled smart energy
grid: Applications and challenges. /[EEE access, 9, 50961-50981.

Adil, A., Kausar, S., Ameer, S., Ghayas, S., & Shujja, S. (2023). Impact of
organizational socialization on organizational citizenship behavior:
mediating role of knowledge sharing and role clarity. Current Psychology,
42(7), 5685-5693.

Afriana, J., Permanasari, A., & Fitriani, A. (2016). Project based learning integrated
to stem to enhance elementary school’s students scientific literacy. Jurnal
Pendidikan IPA Indonesia, 5(2), 261-267.

Afriansyah, H. (2019). Administrasi Kurikulum. Padang: osf.io.
https://doi.org/10.17605/0OSF.I0/Y6VXZ

Afrianti, B., & Wahab, W. (2025). Building Holistic Character in Independent
Curriculum-Based Education in the Digital Era. Jurnal Pengabdian
Nusantara, 3(2), 46-51.

Aguinis, H., & Kraiger, K. (2009). Benefits of training and development for
individuals and teams, organizations, and society. Annual review of
psychology, 60(1), 451-474.

Agustin, E. W. (2019, June). Development of Curriculum 2013 as an Effort to
Improve the Quality of Education in Indonesia. In 3rd International
Conference on Current Issues in Education (ICCIE 2018) (pp. 178-182).
Atlantis Press.

269


https://doi.org/10.17605/OSF.IO/Y6VXZ

270

Agustina, P., & Saputra, A. (2024). Pengembangan kompetensi pedagogi guru ipa
dan biologi sekolah menengah melalui pelatihan penyusunan bahan ajar
berbasis  guided inquiry-tpack. Jurnal = Pengabdian  Pendidikan
Masyarakat (JPPM), 5(1), 44-49.

Agustini, K., Santyasa, I. W., & Ratminingsih, N. M. (2019, November). Analysis
of competence on “TPACK”: 2lIst century teacher professional
development. In Journal of Physics: Conference Series (Vol. 1387, No. 1,
p. 012035). IOP Publishing.

Aktas, 1., & Ozmen, H. (2020). Investigating the impact of TPACK development
course on pre-service science teachers’ performances. Asia Pacific
Education Review, 21(4), 667-682.

Aktas, 1., & Ozmen, H. (2022). Assessing the performance of Turkish science pre-
service teachers in a TPACK-practical course. Education and Information
Technologies, 27(3), 3495-3528.

AlAli, R. (2024). Enhancing 21st century skills through integrated STEM education
using project-oriented problem-based learning. Geo Journal of Tourism
and Geosites, 53(2), 421-430.

Albreem, M. A., Sheikh, A. M., Alsharif, M. H., Jusoh, M., & Yasin, M. N. M.
(2021). Green Internet of Things (GIoT): applications, practices,
awareness, and challenges. IEEE Access, 9, 38833-38858.

Al-Fuqaha, A., Guizani, M., Mohammadi, M., Aledhari, M., & Ayyash, M. (2015).
Internet of things: A survey on enabling technologies, protocols, and
applications. [EEE communications surveys & tutorials, 17(4), 2347-
2376.

Alhamuddin, A. (2014). Sejarah Kurikulum di Indonesia (Studi Analisis Kebijakan
Pengembangan Kurikulum). Nur El-Islam, 1(2), 48-58.

Alnagrat, A. J. A., Ismail, R. C., & Idrus, S. Z. S. (2022). The Opportunities and
challenges in virtual reality for virtual laboratories. /nnovative Teaching
and Learning Journal, 6(2), 73-89.

Alsmadi, M. A. (2020). Requirements for Application of the STEM Approach as
Perceived by Science, Math and Computer Teachers and Their Attitudes
towards It. Eurasia Journal of Mathematics, Science and Technology
Education, 16(9). 1-12.

Alsofyani, M. M., bin Aris, B., & Eynon, R. (2013). A Preliminary Evaluation of a
Short Online Training Workshop for TPACK Development. International
Journal of Teaching and Learning in Higher Education, 25(1), 118-128.

Aluwong, K. C., Mohd Hashim, M. H. B., & Ishmail, S. (2024). Design of wireless-
based Based Sensor for real-time monitoring pH and TDS in Surface and
Groundwater using loT. Journal of Mining and Environment, 15(4), 1309-
1320.

Amalia, S. (2022). Profil mengajar guru Pendidikan Anak Usia Dini: Mengajar
secara kreatif atau mengajar untuk kreativitas (Doctoral dissertation,
Universitas Islam Negeri Maulana Malik Ibrahim).

Amelia, A., Nurfalah, E., & Mulhayatiah, D. (2021). Peningkatan TPACK Guru
Fisika Melalui Media Pembelajaran Berbasis Google Apps. Journal of
Teaching and Learning Physics, 6(2), 69-76.



271

Amelia, C., Aprilianto, A., Supriatna, D., Rusydi, 1., & Zahari, N. E. (2022). The
principal's role as education supervisor in improving teacher
professionalism. Nidhomul Haq: Jurnal Manajemen Pendidikan
Islam, 7(1), 144-155.

Amelia, L. (2025). Integrasi TPACK (Technological, Pedagogical And Content
Knowledge) dalam pengajaran PAUD-langkah menuju pendidikan
berkelanjutan dan SDGs 2030. JKA4, 2(1).

An, P. (2024). Fuzzy decision support systems to improve the effectiveness of
training programs in the field of sports fitness. International Journal of
Computational Intelligence Systems, 17(1), 168.

Anagnostopoulos, T., Kostakos, P., Zaslavsky, A., Kantzavelou, I., Tsotsolas, N.,
Salmon, I., & Harle, R. (2021). Challenges and solutions of surveillance
systems in IoT-enabled smart campus: a survey. leee Access, 9, 131926-
131954.

Ananda, A. P., & Hudaidah, H. (2021). Perkembangan kurikulum pendidikan di
Indonesia dari masa ke masa. SINDANG: Jurnal Pendidikan Sejarah dan
Kajian Sejarah, 3(2), 102-108.

Andrews, J., Andrews, J. G., Jelley, N. A., & Jelley, N. (2022). Energy science:
principles, technologies, and impacts. Oxford university press.

Annunziata, M., & Bourgeois, H. (2018). The future of work: how G20 countries
can leverage digital-industrial innovations into stronger highquality jobs
growth. Economics, 12(1), 20180042. https://doi.org/10.5018/economics-
ejournal.ja.2018-42

Antara, A. A. P. (2020). Penyetaraan vertikal dengan pendekatan klasik dan item
response theory (teori dan aplikasi). Deepublish.

Antarkusuma, B., Wati, I. K., Nugraheni, F. S. A., Masithoh, D. F., & Sari, M. W.
(2024). Pelatihan Penyusunan Instrumen Penilaian dan Pengembangan
Media Pembelajaran IPA Berbasis Etno-STEM Bagi Guru MGMP [IPA
Karanganyar. Jurnal Pengabdian Magister Pendidikan IPA, 7(3), 1170-
1175.

Ardiansyah, R., Diella, D., & Suhendi, H. Y. (2020). Pelatihan pengembangan
perangkat pembelajaran abad 21 dengan model pembelajaran project
based learning berbasis STEM bagi guru IPA. Publikasi Pendidikan, 10(1),
31.

Ardianti, S., Sulisworo, D., Pramudya, Y., & Raharjo, W. (2020). The impact of the
use of STEM education approach on the blended learning to improve
student’s critical thinking skills. Universal Journal of Educational
Research, 8(3), 24-32.

Arizky Ardianto, D., Khairunnisa, S., Lukito, S. T., Naufaldrin, R. R., Riyana, T.
A., & Parwati, N. (2024). Perancangan dan pengembangan produk
automatic irrigation system dengan menggunakan sensor kelembapan
tanah. Jurnal llmiah Teknik dan Manajemen Industri, 4(2), 308-325.

Arshad, R., Zahoor, S., Shah, M. A., Wahid, A., & Yu, H. (2017). Green [oT: An
investigation on energy saving practices for 2020 and beyond. /leee
Access, 5, 15667-15681.



https://doi.org/10.5018/economics-ejournal.ja.2018-42
https://doi.org/10.5018/economics-ejournal.ja.2018-42

272

Asio, J. M. R., Gadia, E., Abarintos, E., Paguio, D., & Balce, M. (2021). Internet
connection and learning device availability of college students: Basis for
institutionalizing flexible learning in the new normal. Studies in
Humanities and Education, 2(1), 56-69.

Ayaz, M., Ammad-Uddin, M., Sharif, Z., Mansour, A., & Aggoune, E. H. M. (2019).
Internet-of-Things (IoT)-based smart agriculture: Toward making the
fields talk. IEEE access, 7, 129551-129583.

Azima Dimyati, M. M. (2019). Pengembangan Profesi Guru. Gre Publishing.

Bagheri, M., & Movahed, S. H. (2016, November). The effect of the Internet of
Things (IoT) on education business model. In 2016 12th international
conference on signal-image technology & internet-based systems
(SITIS) (pp. 435-441). IEEE.

Baharin, N., Kamarudin, N., & Manaf, U. K. A. (2018). Integrating STEM
education  approach in  enhancing higher order thinking
skills. International Journal of Academic Research in Business and Social
Sciences, 8(7), 810-821.

Bajwa, A., Jahan, F., Ahmed, I., & Siddiqui, N. A. (2024). A Systematic Literature
Review On Al-Enabled Smart Building Management Systems For Energy
Efficiency And Sustainability. American Journal of Scholarly Research
and Innovation, 3(02), 01-27.

Ball, D. L., & Feiman-Nemser, S. (1988). Using textbooks and teachers' guides: A
dilemma for beginning teachers and teacher educators. Curriculum
Inquiry, 18(4), 401-423.

Balyk, N., Leshchuk, S., & Yatsenyak, D. (2023). Design and implementation of an
IoT-based educational model for smart homes: a STEM approach. Journal
of Edge Computing, 2(2), 148-162.

Bappenas, Kementerian PPN. (2023). Peta jalan tujuan Pembangunan berkelanjutan
2023-2030.

Bappenas.  (2025). Narasi  Rancangan Awal RPJPN  2025-2045.
https://drive.google.com/file/d/1BvGbA2pC708pGKiYmMRHTIKWVD7
FSQbGS/view

Baptista, M., & Martins, 1. (2019). STEM Approach as a Means for Students’
Science Learning. Acta Scientiae, 21(6), 98-115.

Baran, E., & Uygun, E. (2016). Putting technological, pedagogical, and content
knowledge (TPACK) in action: An integrated TPACK-design-based
learning (DBL) approach. Australasian journal of educational
technology, 32(2).

Barrantes Briceno, C. E., & Almada Santos, F. C. (2019). Knowledge management,
the missing piece in the 2030 agenda and SDGs puzzle. International
Journal of Sustainability in Higher Education, 20(5), 901-916.
https://doi.org/10.1108/IJSHE-01-2019-0019

Beier, M. E., Kim, M. H., Saterbak, A., Leautaud, V., Bishnoi, S., & Gilberto, J. M.
(2019). The effect of authentic project-based learning on attitudes and
career aspirations in STEM. Journal of Research in Science
Teaching, 56(1), 3-23.



https://drive.google.com/file/d/1BvGbA2pC7O8pGKiYmRHT9KWVD7FSQbG5/view
https://drive.google.com/file/d/1BvGbA2pC7O8pGKiYmRHT9KWVD7FSQbG5/view
https://doi.org/10.1108/IJSHE-01-2019-0019

273

Beng, J. T., Roesmala Dewi, F. L., Fiscarina, C., Chandra, D., Mauli, F., Ramadhani,
L. A, & Tiatri, S. (2022). PENDAMPINGAN GURU SEKOLAH
DASAR KABUPATEN BELITUNG DALAM MENGEMBANGKAN
PEMBELAJARAN STEM (SCIENCE TECHNOLOGY ENGINEERING
AND MATHEMATICS) MENGGUNAKAN IOT (INTERNET OF
THINGS). Jurnal ~ Bakti  Masyarakat  Indonesia, 5(1),  10-20.
https://doi.org/10.24912/jbmi.v4i1.16075

Beng, J.T., Dewi, F.I.R., Fiscarina, C., Chandra, D., Mauli, F., Ramadhani, L.A.,
Tiatri, S. (2022). Pendampingan guru SD kabupaten Belitung dalam
mengembangkan pembelajaran STEM menggunakan 1oT. Jurnal Bakti
Masyarakat Indonesia. 5 (1), 10-20.

Blomeke, S., Felbrich, A., Miiller, C., Kaiser, G., & Lehmann, R. (2008).
Effectiveness of teacher education: State of research, measurement issues
and consequences for future studies. ZDM, 40, 719-734.

Boltsi, A., Kalovrektis, K., Xenakis, A., Chatzimisios, P., & Chaikalis, C. (2024).
Digital tools, technologies, and learning methodologies for education 4.0
frameworks: A stem oriented survey. leee Access, 12, 12883-12901.

Borgia, E. (2014). The Internet of Things vision: Key features, applications and
open issues. Computer communications, 54, 1-31.

Brambilla, M., Umuhoza, E., & Acerbis, R. (2017). Model-driven development of
user interfaces for IoT systems via domain-specific components and
patterns. Journal of Internet Services and Applications, 8(1), 14.

Broadbent, E. (2017). Interactions with robots: The truths we reveal about
ourselves. Annual review of  psychology, 68(1), 627-652.
https://doi.org/10.1146/annurev-psych-010416-043958

Budiwati, N., Sumartini, S., & Pinayani, A. (2016). tantangan profesionalisme dan
kesiapan guru mengimplementasikan kurikulum 2013. Jurnal Ekonomi
Pendidikan dan Kewirausahaan, 4(1), 92-100.

Busyairi, A., Rokhmat, J., & Ardhuha, J. (2022). Pelatihan pembelajaran STEM
(Science, Technology, Engineering and Mathematics) berbasis potensi
lokal bagi guru di SMPN 3 Batukliang. Jurnal Pengabdian Magister
Pendidikan IPA, 5(4), 181-187.

Buyya, R., Ilager, S., & Arroba, P. (2024). Energy-efficiency and sustainability in
new generation cloud computing: a vision and directions for integrated
management of data centre resources and workloads. Software: Practice
and Experience, 54(1), 24-38.

Caena, F., & Redecker, C. (2019). Aligning teacher competence frameworks to 21st
century challenges: The case for the European Digital Competence
Framework for Educators (Digcompedu). European journal of
education, 54(3), 356-369.

Cai, J., Du, M., & Li, Z. (2022). Flexible temperature sensors constructed with fiber
materials. Advanced Materials Technologies, 7(7), 2101182.

Carayannis, E. G., Dezi, L., Gregori, G., & Calo, E. (2021). Smart environments
and techno-centric and human-centric innovations for Industry and Society
5.0: A quintuple helix innovation system view towards smart, sustainable,



https://doi.org/10.1146/annurev-psych-010416-043958

274

and inclusive solutions. Journal of the Knowledge Economy, 1-30.
https://doi.org/10.1007/s13132-021-00763-4

Carlson, L. E., & Sullivan, J. F. (1999). Hands-on engineering: learning by doing
in the integrated teaching and learning program. International Journal of
Engineering Education, 15(1), 20-31.

Castro-Rodriguez, E., & Montoro, A. B. (2021). STEM education and primary
teacher training in Spain [Educacion STEM y formacién del profesorado
de primaria en Espana]. Revista de Educacion, 393, 353-378.

Catacutan, A., Kilag, O. K., Diano Jr, F., Tiongzon, B., Malbas, M., & Abendan, C.
F. (2023). Competence-based curriculum development in a globalized
education landscape. Excellencia: International — Multi-disciplinary
Journal of Education (2994-9521), 1(4), 270-282.

Chai, C. S., Rahmawati, Y., & Jong, M. S. Y. (2020). Indonesian science,
mathematics, and engineering preservice teachers’ experiences in STEM-
TPACK design-based learning. Sustainability, 12(21), 9050.

Chaipidech, P., Kajonmanee, T., Chaipah, K., Panjaburee, P., & Srisawasdi, N.
(2021). Implementation of an andragogical teacher professional
development training program for boosting TPACK in STEM
education. Educational Technology & Society, 24(4), 220-239.

Chairunnisya, S., Distrik, I. W., Herlina, K., Rosidin, U., & Rabbani, G. F. (2023).
Engineering Design Process (EDP) Strategy Integrated PjBL-STEM in
Learning Program: Need Analysis to Stimulate Numeracy Literacy Skills
on Renewable Energy Topic. Jurnal Penelitian Pendidikan IPA, 9(12),
11197-11206. https://doi.org/10.29303/jppipa.v9i12.6088

Chang, Y., Tsai, M. F., & Jang, S. J. (2014). Exploring ICT use and TPACK of
secondary science teachers in two contexts. US-China Education
Review, 4(5), 298-311.

Chatmaneerungcharoen, S. (2019, October). Improving Thai science teachers’
TPACK through an innovative continuing professional development
program. In Journal of Physics: Conference Series (Vol. 1340, No. 1, p.
012017). IOP Publishing.

Chen, L., Chen, P, & Lin, Z. (2020). Artificial intelligence in education: A
review. leee Access, 8, 75264-75278.

Chen, R., Zheng, Y., Xu, X., Zhao, H., Ren, J., & Tan, H. Z. (2020). STEM teaching
for the internet of things maker course: A teaching model based on the
iterative loop. Sustainability, 12(14), 5758.

Chen, Z. (2023). Artificial intelligence-virtual trainer: Innovative didactics aimed
at personalized training needs. Journal of the Knowledge Economy, 14(2),
2007-2025. https://doi.org/10.1007/s13132-022-00985-0

Ciric Lalic, D., Lalic, B., Deli¢, M., Gracanin, D., & Stefanovic, D. (2022). How
project management approach impact project success? From traditional to
agile. International Journal of Managing Projects in Business, 15(3), 494-
521.

Clarke, T. (2019). Creative destruction, technology disruption, and growth.
In Oxford Research Encyclopedia of Economics and Finance.



https://doi.org/10.1007/s13132-021-00763-4
https://doi.org/10.29303/jppipa.v9i12.6088
https://doi.org/10.1007/s13132-022-00985-0

275

Cobo, C. (2013). Skills for innovation: Envisioning an education that prepares for
the changing world. Curriculum Journal, 24(1), 67-85.
https://doi.org/10.1080/09585176.2012.744330

Cristani, M., Del Bue, A., Murino, V., Setti, F., & Vinciarelli, A. (2020). The visual
social distancing problem. leee Access, 8, 126876-126886.

D’Souza, A., Rickel, J., Herreros, B., & Johnson, W. L. (2001). An automated lab
instructor for simulated science experiments. Artificial Intelligence in
Education: AI-ED in the Wired and Wireless Future, 65-76.

Dare, E. A., Keratithamkul, K., Hiwatig, B. M., & Li, F. (2021). Beyond content:
The role of STEM disciplines, real-world problems, 21st century skills,
and STEM careers within science teachers’ conceptions of integrated
STEM education. Education Sciences, 11(11), 737.

Darling-Hammond, L., & Bransford, J. (Eds.). (2007). Preparing teachers for a
changing world: What teachers should learn and be able to do. John Wiley
& Sons.

Darling-Hammond, L., & Sykes, G. (2003). Wanted, a national teacher supply
policy for education: The right way to meet the" highly qualified teacher"
challenge. Education policy analysis archives, 11, 33-33.
https://doi.org/10.14507/epaa.v11n33.2003

Davidi, E. I. N, Sennen, E., & Supardi, K. (2021). Integrasi pendekatan STEM
(science, technology, enggeenering and mathematic) untuk peningkatan
keterampilan berpikir kritis siswa sekolah dasar. Scholaria: jurnal
pendidikan dan kebudayaan, 11(1), 11-22.

De Leeuw, T., Gilsing, V., & Duysters, G. (2019). Greater adaptivity or greater
control? Adaptation of IOR portfolios in response to technological
change. Research Policy, 48(6), 1586-1600.
https://doi.org/10.1016/j.respol.2018.12.003

Deni, A. (2023). Pengembangan program pembelajaran berbasis multiple
representations terintegrasi PJBL STEM untuk melatih keterampilan
berpikir spasial dan literasi sustainability siswa SMA pada topik energi
terbarukan (Doctoral dissertation, Universitas Lampung).

Dewanti, B. A., & Santoso, A. (2020). Development of 21st century learning skills
assessment instruments in STEM-Based Science Learning (Science,
Technology, engineering, and mathematics). Prisma Sains: Jurnal
Pengkajian 1lmu dan Pembelajaran Matematika dan IPA IKIP
Mataram, 8(2), 99-111.

Dewi, N. R., Listiaji, P., Fariz, T. R., Saputri, L. H., Wintribrata, B. H., Nabilla, M.
S. A., ... & Hartanto, F. H. (2023). Peningkatan profesionalisme guru IPA
MGMP Kota Semarang melalui pelatthan modul ajar berbasis
TPACK. Jurnal Dharma Indonesia, 1(2), 87-93.

Diana, N. (2021, March). Analysis of teachers’ difficulties in implementing STEM
approach in learning: A study literature. In Journal of Physics: Conference
Series (Vol. 1806, No. 1, p. 012219). IOP Publishing.

Diep, N. H., Thuy, H. T. P,, Lai, D. T. B., Viet, V. V., & Chung, N. T. K. (2023). A
Comparison of Three STEM Approaches to the Teaching and Learning of
Science Topics: Students' Knowledge and Scientific



https://doi.org/10.1080/09585176.2012.744330
https://doi.org/10.14507/epaa.v11n33.2003
https://doi.org/10.1016/j.respol.2018.12.003

276

Creativity. International Journal of Education and Practice, 11(2), 266-

278.

Dixon, R. K., McGowan, E., Onysko, G., & Scheer, R. M. (2010). US energy
conservation and efficiency policies: Challenges and
opportunities. Energy Policy, 38(11), 6398-6408.

https://doi.org/10.1016/j.enpol.2010.01.038

Dolata, U. (2009). Technological innovations and sectoral change: Transformative
capacity, adaptability, patterns of change: An  analytical
framework. Research policy, 38(6), 1066-1076.
https://doi.org/10.1016/j.respol.2009.03.006

Drake, S. M., & Reid, J. L. (2018). Integrated curriculum as an effective way to
teach 21st century capabilities. Asia Pacific journal of educational
research, 1(1), 31-50.

Dyah, K. W. (2022). Pengembangan Mobile Learning Berbasis Sac (Smart Apps
Creator) Sebagai Media Pembelajaran Fisika Tingkat Sekolah Menengah
Atas (Doctoral dissertation, Uin Raden Intan Lampung).

Efwinda, S., Sulaeman, N. F., Nasution, R., Farida, S. D. W. P., Sari, E.,
Zahidsyahtya, M. A., ... & Kieza, R. A. (2024). Dukungan Untuk
Sustainable Development Goals: Pelatihan Pembelajaran STEM-
Eduwisata Untuk Guru IPA SMP Samarinda. Gervasi: Jurnal Pengabdian
kepada Masyarakat, 8(3), 892-909.

Eliwatis, E., Aprison, W., Maimori, R., Herawati, S., & Putri, Y. M. (2022).
Challenges of society era Education 5.0: Revitalization of teacher
competencies and learning models. Darussalam: Journal of Psychology
and Educational, 1(2), 1-11.

Elvas, L. B., & Ferreira, J. C. (2021). Intelligent transportation systems for electric
vehicles. Energies, 14(17), 5550.

Esenogho, E., Djouani, K., & Kurien, A. M. (2022). Integrating artificial
intelligence Internet of Things and 5G for next-generation smartgrid: A
survey of trends challenges and prospect. leee Access, 10, 4794-4831.

European Institute for Gender Equality. (2020). Gender Equality Index 2020:
Digitalisation and the future of work. Gender Equality Index 2020.

Fadhilah, A. N. (2022). Pembelajaran biologi berbasis steam di era society
5.0. Prosiding: Konferensi Nasional Matematika dan IPA Universitas
PGRI Banyuwangi, 2(1), 182-190.

Fahimirad, M., & Kotamjani, S. S. (2018). A review on application of artificial
intelligence in teaching and learning in educational contexts. International
Journal of  Learning and  Development, 8(4), 106-118.
https://doi.org/10.5296/ij1d.v814.14057

Fajrina, S., Lufri, L., & Ahda, Y. (2020). Science, technology, engineering, and
mathematics (STEM) as a learning approach to improve 21st century
skills: a review. International Journal of Online <& Biomedical
Engineering, 16(7). https://doi.org/10.3991/ijoe.v16107.14101

Farahani, B., Firouzi, F., & Luecking, M. (2021). The convergence of loT and
distributed ledger technologies (DLT): Opportunities, challenges, and



https://doi.org/10.1016/j.enpol.2010.01.038
https://doi.org/10.1016/j.respol.2009.03.006
https://doi.org/10.5296/ijld.v8i4.14057
https://doi.org/10.3991/ijoe.v16i07.14101

277

solutions. Journal of Network and Computer Applications, 177, 102936.
https://doi.org/10.1016/j.jnca.2020.102936

Fauzi, N., & Al Islami, M. A. A. (2020). Dampak Era Globalisasi Di Pendidikan
(Pendidik Dan Peserta Didik). MISOOL.: Jurnal Pendidikan Dasar, 2(1),
24-36.

Felder, R. M., & Brent, R. (2024). Teaching and learning STEM: A practical guide.
John Wiley & Sons.

Ferrada, C., & Diaz-Levicoy, D. (2022, June). STEM and Robotics in Elementary
education: a teacher's view to a classroom experience. In 2022 [7th
Iberian Conference on Information Systems and Technologies (CISTI) (pp.

1-7). IEEE.
Ferri, F., Grifoni, P., & Guzzo, T. (2020). Online learning and emergency remote
teaching: Opportunities and challenges in emergency

situations. Societies, 10(4), 86.

Fidai, A., Kwon, H., Buettner, G., Capraro, R. M., Capraro, M. M., Jarvis, C., ... &
Verma, S. (2019, October). Internet of things (IoT) instructional devices in
STEM classrooms: Past, present and future directions. In 2019 IEEE
Frontiers in Education Conference (FIE) (pp. 1-9). IEEE.

Firmansyah, J., & Aswita, D. (2019). Kompetensi dan profesionalisme guru
IPA. Jurnal Visi lImu Pendiidkan.

Fitriyah, C. Z., & Wardani, R. P. (2022). Paradigma kurikulum merdeka bagi guru
sekolah dasar. Scholaria: Jurnal Pendidikan Dan Kebudayaan, 12(3),
236-243.

Flerlage, C., Bernholt, A., & Parchmann, 1. (2023). Motivation to use digital
educational content—differences between science and other STEM students
in higher education. Chemistry Teacher International, 5(2), 213-228.

Fronza, 1., Corral, L., laccarino, G., Bartoli, L., & Pahl, C. (2022). Work-From-
Anywhere Skills: Aligning Supply and Demand Starting from High
Schools. In Proceedings of the 14th International Conference on Computer
Supported Education, 2, 327-337.
https://doi.org/10.5220/0010984300003182

Fu, D., Chen, L., & Cheng, Z. (2021). Integration of wearable smart devices and
internet of things technology into public physical education. Mobile
Information Systems, 2021(1), 6740987.

Fukuyama, F. (2017). The great disruption. Protile Books.

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, 16(2), 158-175.

Ganesh, B. S. (2024). Completing the Circuit: Supporting Teachers to Explore
Science, Technology, Engineering, and Math (STEM) Careers with Middle
School Students (Doctoral dissertation, Northeastern University).

Gendreau Chakarov, A., Biddy, Q., Hennessy Elliott, C., & Recker, M. (2021). The
data sensor hub (DaSH): A physical computing system to support middle
school inquiry science instruction. Sensors, 21(18), 6243.



https://doi.org/10.1016/j.jnca.2020.102936
https://doi.org/10.5220/0010984300003182

278

Georgiev, S., Polychronakis, Y., Sapountzis, S., & Polychronakis, N. (2024). The
role of artificial intelligence in project management: a supply chain
perspective. Supply Chain Forum: An International Journal, 1-14.
https://doi.org/10.1080/16258312.2024.2384823

Gereffi, G. (2000). The new offshoring of jobs and global development.
International labour organization.

Gomez-del Rio, T., & Rodriguez, J. (2022). Design and assessment of a project-
based learning in a laboratory for integrating knowledge and improving
engineering design skills. Education for Chemical Engineers, 40, 17-28.

Gonzalez, H. B., & Kuenzi, J. J. (2012, August). Science, technology, engineering,
and mathematics (STEM) education: A primer. Washington, DC:
Congressional Research Service, Library of Congress.

Gouws, F. E., & Dicker, A. M. (2007). Effective tutor training as a prerequisite for
successful in-service teacher training. South African Journal of higher
education, 21(2), 241-254.

Grife, M., Power, G., & Klauber, C. (2011). Bauxite residue issues: II1. Alkalinity
and associated chemistry.Hydrometallurgy,108(1-2), 60-79.

Graham, R. C., Burgoyne, N., Cantrell, P., Smith, L., St Clair, L., & Harris, R.
(2009). Measuring the TPACK confidence of inservice science
teachers. TechTrends, 53(5), 70-79.

Greengard, S. (2021). The internet of things. MIT press.

Grouws, D. A., Tarr, J. E., Chavez, O., Sears, R., Soria, V. M., & Taylan, R. D.
(2013). Curriculum and implementation effects on high school students'
mathematics learning from curricula representing subject-specific and
integrated content organizations. Journal for Research in Mathematics
Education, 44(2), 416-463.

Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things
(IoT): A vision, architectural elements, and future directions. Future
generation computer systems, 29(7), 1645-1660.

Gumilang, Y. S. A., Rozaq, A., Sonalitha, E., Rabi, A., Sumarahinsih, A.,
Krisdianto, K., & Fahreza, M. (2023). Pengenalan dan Pelatihan Robot
Lego pada Siswa Sekolah Menegah Pertama Sebagai Implementasi
Pembelajaran STEM di Sekolah. International Journal of Community
Service Learning, 7(2), 185-191.

Guskey, T. R. (2002). Professional development and teacher change. Teachers and
teaching, 8(3), 381-391.

Guzey, S. S., & Roehrig, G. H. (2009). Teaching science with technology: case
studies of science teachers' development of technological pedagogical
content knowledge (TPCK). Contemporary Issues in Technology and
Teacher Education, 9(1), 25-45.

Guzey, S. S., & Roehrig, G. H. (2009). Teaching science with technology: case
studies of science teachers' development of technological pedagogical
content knowledge (TPCK). Contemporary Issues in Technology and
Teacher Education, 9(1), 25-45.

Habib, G., Sharma, S., Ibrahim, S., Ahmad, I., Qureshi, S., & Ishfaq, M. (2022).
Blockchain technology: benefits, challenges, applications, and integration



https://doi.org/10.1080/16258312.2024.2384823

279

of blockchain technology with cloud computing. Future Internet, 14(11),
341. https://doi.org/10.3390/f114110341

Hake, R.R. (1998). Interactive-engagement versus traditional methods: A six-
thousandstudent survey of mechanics test data for introductory physics
courses. American Journal of Physics, (66) 64. doi: 10.1119/1.18809

Hakim, A. (2015). Contribution of competence teacher (pedagogical, personality,
professional competence and social) on the performance of learning. 7The
International Journal of Engineering and Science, 4(2), 1-12.

Hamdani, H., Kumalasari, R., Kusuma, A. P., Zulfa, N. Q., & Tambunan, A. M.
(2024). Pelatihan dan Pendampingan Penggunaan Media Pembelajaran
Digital berbantuan Virtual Laboratory berbasis STEM di MTsN 8
Majalengka. Jurnal Abdidas, 5(5), 581-590.

Hamid, A. (2020). Profesionalisme guru dalam proses pembelajaran. Aktualita:
Jurnal Penelitian Sosial Keagamaan, 10(1), 1-17.

Hansen, M., & Gonzalez, T. (2014). Investigating the relationship between STEM
learning principles and student achievement in math and
science. American Journal of Education, 120(2), 139-171.

Hanum, G. K., Irwin, A., Sari, R. N., Ardi, A., & Lismaryanti, L. (2024). Integration
of Internet of Things (IoT) Technology in the Management of Educational
Facilities and Infrastructure. al-fikrah: Jurnal ~ Manajemen
Pendidikan, 12(1), 189-201.

Harris, J., Diamond, R., Iyer, M., Payne, C., Blumstein, C., & Siderius, H. P. (2008).
Towards a sustainable energy balance: progressive efficiency and the
return of energy conservation. Energy efficiency, 1, 175-188.

Harris, J., Mishra, P., & Koehler, M. (2009). Teachers’ technological pedagogical
content knowledge and learning activity types: Curriculum-based
technology integration reframed. Journal of research on technology in
education, 41(4), 393-416.

Hayat, M. S., & Fatonah, S. (2025). Potensi Integrasi STEAM-SDGs dalam
Pembelajaran Proyek IPAS di SMK Bina Utama Kendal. JURNAL
PENDIDIKAN MIPA, 15(1), 148-155.

Herring, H., & Roy, R. (2007). Technological innovation, energy efficient design
and the rebound effect. Technovation, 27(4), 194-203.

Higde, E. (2022). An Interdisciplinary Renewable Energy Education: Investigating
the Influence of STEM Activities on Perception, Attitude, and
Behavior. Journal of Science Learning, 5(2), 373-385.

Higde, E., & Aktamis, H. (2022). The effects of STEM activities on students’ STEM
career interests, motivation, science process skills, science achievement
and views. Thinking Skills and Creativity, 43, 101000.

Hong, J. E., & Stonier, F. (2015). GIS in-service teacher training based on
TPACK. Journal of Geography, 114(3), 108-117.

Hong, J., & Kim, K. (2025). Impact of AloT education program on digital and Al
literacy of elementary school students. Education and Information
Technologies, 30(1), 107-130.



https://doi.org/10.3390/fi14110341

280

Hsu, Y. S., & Fang, S. C. (2019). Opportunities and challenges of STEM
education. 4sia-Pacific STEM teaching practices: From theoretical
frameworks to practices, 1-16.

https://doi.org/10.1109/ACCESS.2020.2988510

Hunaepi, H., & Suharta, I. (2024). Transforming education in Indonesia: The impact
and challenges of the Merdeka belajar curriculum. Path of Science, 10(6),
5026-5039.

Indonesia, P. R. (2003). Undang-undang Republik Indonesia nomor 20 tahun 2003
tentang sistem pendidikan nasional. Jakarta: Kementrian Riset, Teknologi,
Dan Pendidikan Tinggi.

Irdalisa, 1., Amirullah, G., & Dirza, A. F. (2022). Pelatihan pengembangan
perangkat pembelajaran berbasis steam bagi guru IPA. JMM (Jurnal
Masyarakat Mandiri), 6(2), 1393-1401.

Ismiatun, A. N., & Andrisyah, A. (2021). Improving early childhood education
teacher profesional competence through STEAM based learning plan
training. JCES (Journal of Character Education Society), 4(2), 261-270.

Jabraeil Jamali, M. A., Bahrami, B., Heidari, A., Allahverdizadeh, P., Norouzi, F.,
Jabraeil Jamali, M. A., & Norouzi, F. (2020). Some cases of smart use of
the 10T. Towards the internet of things: architectures, security, and
applications, 85-129. https://doi.org/10.1007/978-3-030-18468-1 4

Jamin, H. (2018). Upaya meningkatkan kompetensi profesional guru. A¢-Ta'dib:
Jurnal Ilmiah Prodi Pendidikan Agama Islam, 19-36.

Jang, S. J. (2010). Integrating the interactive whiteboard and peer coaching to
develop the TPACK of secondary science teachers. Computers &
Education, 55(4), 1744-1751.

Jang, S. J.,, & Chen, K. C. (2010). From PCK to TPACK: Developing a
transformative model for pre-service science teachers. Journal of Science
Education and Technology, 19, 553-564.

Jen, T. H., Yeh, Y. F., Hsu, Y. S., Wu, H. K., & Chen, K. M. (2016). Science teachers'
TPACK-Practical: ~ Standard-setting  using an  evidence-based
approach. Computers & Education, 95, 45-62.
https://doi.org/10.1016/j.compedu.2015.12.009

Jibril, U., Abdurrahman, A., Abba, H., & Isma’il, I. (2018). Introduction to artificial
intelligence: Applications and benefits to human life. /nt J Innov Res Adv
Stud, 5(3), 89-99.

Jimoyiannis, A. (2010). Designing and implementing an integrated technological
pedagogical science knowledge framework for science teachers
professional development. Computers & Education, 55(3), 1259-1269.

Jimoyiannis, A. (2010). Designing and implementing an integrated technological
pedagogical science knowledge framework for science teachers
professional development. Computers & Education, 55(3), 1259-1269.

Jurdak, M., & Jurdak, M. (2016). STEM education as a context for real-world
problem solving. Learning and teaching real world problem solving in
school mathematics: A multiple-perspective framework for crossing the
boundary, 151-163.



https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.1007/978-3-030-18468-1_4
https://doi.org/10.1016/j.compedu.2015.12.009

281

Juwairiyah, A., Parisu, C. Z. L., Kasmawati, K., Anidi, A., Sisi, L., & Ekadayanti,
W. (2025). Pengaruh Penggunaan Alat Bantu Pembelajaran Berbasis Al
dalam Proyek STEAM terhadap Keterampilan Guru SD dalam Mengajar
IPA. Indonesian Research Journal on Education, 5(1), 338-343.

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.

Kallegias, A., Costabile, 1., & Robins, J. C. (2023). The Corona Decade: The
Transition to the Age of Hyper-Connectivity and the Fourth Industrial
Revolution. In Architecture and Design for Industry 4.0: Theory and
Practice (pp. 169-183). Cham: Springer International Publishing.

Kamel, S. O. M., & Hegazi, N. H. (2018). A proposed model of IoT security
management system based on a study of internet of things (IoT)
security. Int. J. Sci. Eng. Res, 9(9), 1227-1244.

Karabegovi¢, 1., Karabegovi¢, E., Mahmi¢, M., & Husak, E. J. A. 1. P. E. (2015).
The application of service robots for logistics in manufacturing
processes. Advances in Production Engineering & Management, 10(4).

Kasinathan, P., Pugazhendhi, R., Elavarasan, R. M., Ramachandaramurthy, V. K.,
Ramanathan, V., Subramanian, S., ... & Alsharif, M. H. (2022). Realization
of sustainable development goals with disruptive technologies by
integrating  industry 5.0, society 5.0, smart cities and
villages. Sustainability, 14(22), 15258.

Kassab, M., DeFranco, J., & Laplante, P. (2020). A systematic literature review on
Internet of things in education: Benefits and challenges. Journal of
computer Assisted learning, 36(2), 115-127.

Kavak, S. (2023). The evolution and global significance of STEM education in the
21st century. The Journal of International Scientific Researches, 8(3),
410-415.

Kellaghan, T., & Stufflebeam, D. L. (Eds.). (2012). International Handbook of
Educational Evaluation: Part One: Perspectives/Part Two: Practice (Vol.
9). Springer Science & Business Media.

Kelly, J. A., Kelleher, L., Guo, Y., Deegan, C., Larsen, B., Shukla, S., & Collins, A.
(2022). Assessing preference and potential for working from anywhere: A
spatial index for Ireland. Environmental and Sustainability Indicators, 135,
100190. https://doi.org/10.1016/j.indic.2022.100190

Khairi, A., Kohar, S., Widodo, H. K., Ghufron, M. A., Kamalludin, I., Prasetya, D.,

& Anggraeni, D. (2022). Teknologi pembelajaran: Konsep dan
pengembangannya di era society 5.0. Penerbit Nem.

Khasawneh, Y. J. A., & Khasawneh, M. A. S. (2023). Availability of Voice-
Recognition Devices to Support Visually Impaired Students in Saudi
Arabian Universities. J. Wirel. Mob. Networks Ubiquitous Comput.
Dependable Appl., 14(3), 186-193.

Khattak, K. S., & Khan, Z. H. (2024). Evaluation and challenges of IoT simulators
for intelligent transportation system applications. Science, Engineering
and Technology, 4(1), 94-111.



https://doi.org/10.1016/j.indic.2022.100190

282

Khuyen, T. T., Van Bien, N., Lin, P. L., Lin, J., & Chang, C. Y. (2020). Measuring
teachers’ perceptions to sustain STEM education
development. Sustainability, 12(4), 1531.

Kim, S. W., & Lee, Y. (2018). Development and application of the TPACK-P
education program for pre-service teachers’ TPACK. International
Journal of Engineering & Technology, 7(3.34), 636-643.

Kim, S., Song, S. M., & Yoon, Y. L. (2011). Smart learning services based on smart
cloud computing. Sensors, 11(8), 7835-7850.

Klemes, J., Bulatov, 1., & Koppejan, J. (2009). Novel energy saving technologies
evaluation tool. Computers & Chemical Engineering, 33(3), 751-758.

Knowles, M. S. (1984). Theory of andragogy. 4 Critique. International Journal of
Lifelong. Cambridge MA.

Koehler, M. J., & Mishra, P. (2014). Introducing tpck. In Handbook of
technological pedagogical content knowledge (TPCK) for educators (pp.
13-40). Routledge.

Koehler, M. J., & Mishra, P. (Eds.). (2016). Handbook of technological pedagogical
content knowledge (TPACK) for educators. Routledge.

Kopetz, H., & Steiner, W. (2022). Internet of things. In Real-time systems: design
principles for distributed embedded applications (pp. 325-341). Cham:
Springer International Publishing.

Kotsifakos, D., Makropoulos, G., & Douligeris, C. (2019, September). Teaching
internet of things (IoT) in the electronics specialty of vocational education
and training. In 2019 4th South-East FEurope Design Automation,
Computer Engineering, Computer Networks and Social Media Conference
(SEEDA-CECNSM) (pp. 1-6). IEEE.

Krisi, M., & Nagar, R. (2023). The effect of peer mentoring on mentors themselves:
A case study of college students. International Journal of Disability,
Development and Education, 70(5), 803-815.

Kumar, D., Ujjan, S. M., Dev, K., Khowaja, S. A., Bhatti, N. A., & Hussain, T.
(2022). Towards soft real-time fault diagnosis for edge devices in
industrial [oT using deep domain adaptation training strategy. Journal of
Parallel and Distributed Computing, 160, 90-99.

Kunter, M., Klusmann, U., Baumert, J., Richter, D., Voss, T., & Hachfeld, A. (2013).
Professional competence of teachers: effects on instructional quality and
student development. Journal of educational psychology, 105(3), 805.

Kurnia, H. (2023). Upaya meningkatkan pendidikan indonesia berdasarkan nilai-
nilai pancasila. Jurnal Kewarganegaraan, 7(1), 472-478.

Kurup, P. M., Li, X., Powell, G., & Brown, M. (2019). Building future primary
teachers' capacity in STEM: based on a platform of beliefs, understandings
and intentions. International Journal of STEM Education, 6, 1-14.

Kvarda, L., Hnyk, P., Vojtech, L., & Neruda, M. (2017). Software implementation
of secure firmware update in loT concept. Advances in Electrical and
Electronic Engineering, 15(4), 626.

Latip, A., Abdurrahman, D., Rahmaniar, A., Purnamasari, S., Lestari, W. Y.,
Nurfadilah, V. A., & Fauziah, S. R. (2023). Training on the Development
of Science Learning Tools with STEM Approach for Science Teachers in



283

Garut Regency [Pelatihan Pengembangan Perangkat Pembelajaran IPA
Dengan Pendekatan STEM Untuk Guru IPA di Kabupaten Garut]. Jurnal
Pengabdian Isola, 2(1), 1-7.

Lee, 1., & Lee, K. (2015). The Internet of Things (IoT): Applications, investments,
and challenges for enterprises. Business horizons, 58(4), 431-440.
Leisenberg, M., & Stepponat, M. (2019, April). Internet of things remote labs:
Experiences with data analysis experiments for students education.
In 2019 IEEE Global Engineering Education Conference (EDUCON) (pp.

22-27). IEEE.

Lembong, J. M., Lumapow, H. R., & Rotty, V. N. J. (2023). Implementasi merdeka
belajar sebagai transformasi kebijakan pendidikan. Jurnal Educatio Fkip
Unma, 9(2), 765-7717.

Lent, R. W. (2018). Future of work in the digital world: Preparing for instability and
opportunity. The Career Development Quarterly, 66(3), 205-219.
https://doi.org/10.1002/cdq.12143

Lestari, N. W. P., Tirka, I. W., & Suarni, N. K. (2020). Development of Learning
Independence Scale of Middle School Students. Jurnal Bimbingan dan
Konseling Indonesia, 4(2), 121-127.

Lestari, S. (2021). Peningkatan kompetensi pedagogik guru melalui pelatihan
pemanfaatan media sosial dan penerapan flipped classroom dalam hybrid
learning. Community Education Engagement Journal, 3(1), 39-50

Li, H., Wei, F, L1, Y., Yu, M., Zhang, Y., Liu, L., & Liu, Z. (2021). Optical fiber
sensor based on upconversion nanoparticles for internal temperature
monitoring of Li-ion batteries. Journal of Materials Chemistry C, 9(41),
14757-14765.

Liang, J. T., Yang, C., & Myers, B. A. (2024, February). A large-scale survey on the
usability of ai programming assistants: Successes and challenges.
In Proceedings of the 46th IEEE/ACM international conference on
software engineering (pp. 1-13).

Linn, J. (2008). Energy prices and the adoption of energy-saving technology. The
Economic Journal, 118(533), 1986-2012.

Liston, M., Morrin, A. M., Furlong, T., & Griffin, L. (2022, August). Integrating
data science and the internet of things into science, technology,
engineering, arts, and mathematics education through the use of new and
emerging technologies. In Frontiers in education (Vol. 7, p. 757866).
Frontiers Media SA.

Lone, A. N., Mustajab, S., & Alam, M. (2023). A comprehensive study on
cybersecurity challenges and opportunities in the IoT world. Security and
Privacy, 6(6), e318.

Loépez-Martin, E., Gutiérrez-de-Rozas, B., Gonzalez-Benito, A. M., & Exposito-
Casas, E. (2023). Why do teachers matter? A meta-analytic review of how
teacher characteristics and competencies affect students’ academic
achievement. International Journal of Educational Research, 120,
102199.

Lynham, J., Nitta, K., Saijo, T., & Tarui, N. (2016). Why does real-time information
reduce energy consumption?. Energy Economics, 54, 173-181.



https://doi.org/10.1002/cdq.12143

284

Machali, 1. (2014). Kebijakan perubahan kurikulum 2013 dalam menyongsong
Indonesia emas tahun 2045. Jurnal Pendidikan Islam, 3(1), 71-94.

Mahmoudi, M., Rashtchi, M., & Abbasian, G. R. (2021). Efficacy of in-service
education and training (INSET) courses in improving EFL teachers’
technological pedagogical and content knowledge (TPACK). Journal of
Modern Research in English Language Studies, 8(1), 31-54.

Mahmud, M. R., & Ekawati, D. (2023). The relationship between digital literacy
and the competency of prospective teacher students in the society 5.0
era. PrimaryEdu: Journal of Primary Education, 7(1), 142-152.
https://doi.org/10.22460/pej.v7il.3687

Maple, C. (2017). Security and privacy in the internet of things. Journal of cyber
policy, 2(2), 155-184.

Marques, G., & Pitarma, R. (2017). Monitoring energy consumption system to
improve energy efficiency. In Recent Advances in Information Systems
and Technologies: Volume 2 5 (pp. 3-11). Springer International
Publishing.

Marques, G., & Pitarma, R. (2019). A cost-effective air quality supervision solution
for enhanced living environments through the internet of
things. Electronics, 8(2), 170.

Martatiyana, D. R., Derlis, A., Aviarizki, H. W., Jurdil, R. R., Andayani, T., &
Hidayat, O. S. (2023). Analisis komparasi implementasi kurikulum
merdeka dan kurikulum  2013. Muallimuna: Jurnal Madrasah
Ibtidaiyah, 9(1), 96-109.

Martini, B., Bellisario, D., & Coletti, P. (2024). Human-centered and sustainable
artificial  intelligence in  industry  5.0:  Challenges and
perspectives. Sustainability, 16(13), 5448.
https://doi.org/10.3390/sul 6135448

Maryanti, N., Rohana, R., & Kristiawan, M. (2020). The principal’s strategy in
preparing students ready to face the industrial revolution 4.0. International
Journal of Educational Review, 2(1), 54-69.
https://doi.org/10.33369/ijer.v2il.10628

Mazhar, T., Irfan, H. M., Haq, I., Ullah, 1., Ashraf, M., Shloul, T. A., ... &
Elkamchouchi, D. H. (2023). Analysis of challenges and solutions of [oT
in smart grids using Al and machine learning techniques: A
review. Electronics, 12(1), 242.

McClelland, D. C. (1973). Testing for competence rather than for"
intelligence.". American psychologist, 28(1), 1.

McDonald, C. V. (2016). STEM Education: A review of the contribution of the
disciplines of science, technology, engineering and mathematics. Science
Education International, 27(4), 530-569.

McDonald, C. V. (2016). STEM Education: A review of the contribution of the
disciplines of science, technology, engineering and mathematics. Science
Education International, 27(4), 530-569.

McKibben, J. D., & Murphy, T. H. (2021). The effect of authenticity on project-
based learning: A quasi-experimental study of STEM integration in
agriculture. Journal of Agricultural Education, 62(1), 144-155.



https://doi.org/10.22460/pej.v7i1.3687
https://doi.org/10.3390/su16135448
https://doi.org/10.33369/ijer.v2i1.10628

285

Metallidou, C. K., Psannis, K. E., & Egyptiadou, E. A. (2020). Energy efficiency in
smart buildings: IoT approaches. /IEEE access, 8, 63679-63699.

Mian, S. H., Salah, B., Ameen, W., Moiduddin, K., & Alkhalefah, H. (2020).
Adapting universities for sustainability education in industry 4.0: Channel
of challenges and opportunities. Sustainability, 12(15), 6100.

Miao, C., Fang, D., Sun, L., Luo, Q., & Yu, Q. (2018). Driving effect of technology
innovation on energy utilization efficiency in strategic emerging
industries. Journal of Cleaner Production, 170, 1177-1184.

Miao, F., Holmes, W., Huang, R., & Zhang, H. (2021). Al and education: A
guidance for policymakers. Unesco Publishing.

Miguel-Revilla, D., Martinez-Ferreira, J. M., & Sanchez-Agusti, M. (2020).
Assessing the digital competence of educators in social studies: An
analysis in initial teacher training using the TPACK-21
model. Australasian Journal of Educational Technology, 36(2), 1-12.

Minner, D. D., Levy, A. J.,, & Century, J. (2010). Inquiry-based science
instruction—what is it and does it matter? Results from a research
synthesis years 1984 to 2002. Journal of Research in Science Teaching:
The Official Journal of the National Association for Research in Science
Teaching, 47(4), 474-496.

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge:
A framework for teacher knowledge. Teachers college record, 108(6),
1017-1054.

Mohammadi, M., Al-Fuqaha, A., Sorour, S., & Guizani, M. (2018). Deep learning
for IoT big data and streaming analytics: A survey. [EEE Communications
Surveys & Tutorials, 20(4), 2923-2960.

Monoarfa, M., Sinaga, A. V., Ariastuti, W., & Wizerti, S. (2024). Integrasi Nilai
Budaya Dan  Perkembangan IPTEK Dalam  Pengembangan
Kurikulum. Jurnal Publikasi Pendidikan, 14.

Miiller, C., Mildenberger, T., & Steingruber, D. (2023). Learning effectiveness of a
flexible learning study programme in a blended learning design: why are
some courses more effective than others?. International Journal of
Educational Technology in Higher Education, 20(1), 10.

Mulyani, T. (2019). Pendekatan pembelajaran STEM untuk menghadapi revolusi
industry 4.0. In Prosiding Seminar Nasional Pascasarjana (Vol. 2, No. 1,
pp. 453-460).

Mulyasa, H. E. (2021). Menjadi guru penggerak merdeka belajar. Bumi Aksara.

Mu'minah, 1. H. (2020). Implementasi STEAM (science, technology, engineering,
art and mathematics) dalam pembelajaran abad 21. Bio Educatio, 5(1),
377702.

Muzakir, M. 1. (2023). Implementasi kurikulum outcome based education (Obe)
dalam sistem pendidikan tinggi di era revolusi industri 4.0. Edukasiana:
Journal of Islamic Education, 2(1), 118-139.

Mylonas, G., Amaxilatis, D., Chatzigiannakis, I., Anagnostopoulos, A., &
Paganelli, F. (2019). Enabling sustainability and energy awareness in
schools based on IoT and real-world data./EEE Pervasive
Computing, 17(4), 53-63.



286

Nagur, S., Kalkeri, M. D., & Amashi, R. (2024). Bridging the Gap in Elderly Care
in Old Age Homes: An Automated Lighting and Handrail
Solution. Journal of Engineering Education Transformations, 732-737.

Nakatani, F. (2008). Technologies for energy saving in industrial field. /EEJ
transactions on electrical and electronic engineering, 3(2), 190-198.

Nallaluthan, K., Masran, M. N., Thurasingam, V., & Kanapathy, K. (2023).
Malcolm Knowles' Theory of Andragogy at Research Management and
Innovation Centre Universiti Pendidikan Sultan Idris (RMIC-UPSI):
Work-Based Learning Model. Evaluation Studies in Social Sciences, 4(2),
30-50.

Nalli, G., Dafoulas, G., Tsiakara, A., Langari, B., Mistry, K., & Tahmasebi Aria, F.
(2023). Hybrid Educational Environments—Using IoT to detect emotion
changes during student interactions. Interaction Design and Architecture
(s), 58(1), 39-52.

Nantsou, T. P., Kapotis, E. C., & Tombras, G. S. (2021, April). A lab of hands-on
STEM experiments for primary teachers at CERN. In 2021 IEEE Global
Engineering Education Conference (EDUCON) (pp. 582-590). IEEE.

Nasir, M., & Yunus, H. M. (2017). Peranan guru tingkatan enam dalam membentuk
pelajar terarah kendiri dan meningkatkan kemahiran abad ke-21. JuKu:
Jurnal Kurikulum & Pengajaran Asia Pasifik, 5(1), 1-6.

Ndari, W., & Mahmudabh, F. N. (2023). Implementation of the Merdeka Curriculum
and its challenges. European Journal of Education and Pedagogy, 4(3),
111-116.

Nguyen, P. L. (2024). Vietnam’s STEM Education Landscape: Evolution,
Challenges, and Policy Interventions. Vietnam Journal of Education, 177-
189.

Ningsih, P. O., Alkhasanah, N., Isnaini, Y. F., Maulana, 1., Hidayati, Y. M., &
Desstya, A. (2023). Penerapan model project based learning dengan
pendekatan tpack pada pembelajaran ipa. Jurnal llmiah Pendidikan Citra
Bakti, 10(4), 707-721.

Nowotny, J., Dodson, J., Fiechter, S., Giir, T. M., Kennedy, B., Macyk, W., ... &
Rahman, K. A. (2018). Towards global sustainability: Education on
environmentally clean energy technologies. Renewable and Sustainable
Energy Reviews, 81,2541-2551.

Niibler, 1. (2016). New technologies: A jobless future or golden age of job
creation. International Labour Office Research Department Working
Paper, 13,22-23.

Nugraheni, F. S. A., Wati, [. K., Sari, M. W., Suciati, S., Widyastuti, A., & Kamaliah,
K. (2022). Pelatihan Pembuatan Perangkat Pembelajaran Berbasis Local
Wisdom STEM pada Mata Pelajaran IPA Sekolah Menengah Pertama di
Solo Raya. Jurnal Pengabdian Masyarakat Indonesia, 2(4), 357-365.

Nugroho, T., & Narawaty, D. (2022). Kurikulum 2013, kurikulum darurat, dan
kurikulum prototipe (2020-2021) atau kurikulum merdeka (2022) mata
pelajaran bahasa inggris: suatu kajian bandingan. In SINASTRA: Prosiding
Seminar Nasional Bahasa, Seni, dan Sastra (Vol. 1, pp. 373-382).



287

Nurdiansyah, A., Erviana, V. Y., & Mohammad, N. (2023). Professional
competence of teachers on thematic learning in elementary
education. International Journal of Learning Reformation in Elementary
Education, 2(01), 31-46.

Nurdiansyah, A., Erviana, V. Y., & Mohammad, N. (2023). Professional
competence of teachers on thematic learning in elementary
education. International Journal of Learning Reformation in Elementary
Education, 2(01), 31-46.

Nurtanto, M. (2016). Mengembangkan kompetensi profesionalisme guru dalam
menyiapkan pembelajaran yang bermutu. In Prosiding Seminar Nasional
Inovasi Pendidikan (pp. 553-565).

Nurwahid, M. (2024). Urgensi dan implementasi technological pedagogical and
content knowledge (TPACK) dalam pembelajaran
matematika. Mathematics  Education And  Application  Journal
(META), 6(1), 48-62.

Odeh, S., Abu Shanab, S., & Anabtawi, M. (2015). Augmented Reality Internet
Labs versus its Traditional and Virtual Equivalence. International Journal
of Emerging Technologies in Learning, 10(3). 4-9.

OECD (2024), PISA 2022 Results (Volume V): Learning Strategies and Attitudes
for Life, PISA, OECD Publishing,
Paris, https://doi.org/10.1787/c2e¢44201-en.

Oktaviani, L., Rini, I. A., Ulfah, M. M., & Andriana, A. D. (2021). Pengenalan
Media Pembelajaran Daring Berbasis STEM Untuk Guru IPA di SMAN 9
Bandar Lampung. Jubaedah: Jurnal Pengabdian Dan Edukasi Sekolah
(Indonesian Journal of Community Services and School Education), 1(1),
77-88.

Oktaviani, N., & Wulandari, 1. (2019). Problematika Penerapan Kurikulum 2013 di
Sekolah Dasar. Yogyakarta: K-Media.

Omer, A. M. (2008). Energy, environment and sustainable development. Renewable
and sustainable energy reviews, 12(9), 2265-2300.
https://doi.org/10.1016/j.rser.2007.05.001

Omer, A. M. (2009). Energy use and environmental impacts: A general
review. Journal  of remewable and  Sustainable  Energy, 1(5).
https://doi.org/10.1063/1.3220701

Omoso, E., & Odindo, F. (2020). TPACK in teacher education: Using pre-service
teachers’ self-reported TPACK to improve pedagogic
practice. International Journal of Education and Research, 8(5), 125-138.

Owusu, P. A.,; & Asumadu-Sarkodie, S. (2016). A review of renewable energy
sources, sustainability issues and climate change mitigation. Cogent
Engineering, 3(1), 1167990.
https://doi.org/10.1080/23311916.2016.1167990

Palermo, S. A., Maiolo, M., Brusco, A. C., Turco, M., Pirouz, B., Greco, E.,
Spezzano, G., & Piro, P. (2022). Smart technologies for water resource
management: An overview. Sensors, 22(16), 6225.
https://doi.org/10.3390/s22166225



https://doi.org/10.1787/c2e44201-en
https://doi.org/10.1016/j.rser.2007.05.001
https://doi.org/10.1063/1.3220701
https://doi.org/10.1080/23311916.2016.1167990
https://doi.org/10.3390/s22166225

288

Palmares, M. P., & Batisla-Ong, S. N. (2023). Technological, pedagogical, content
knowledge (tpack) of science teachers: Basis of in-service training design
development. Cosm. J. Eng. Technol, 13, 1-15.

Pan, J., Jain, R., Paul, S., Vu, T., Saifullah, A., & Sha, M. (2015). An internet of
things framework for smart energy in buildings: designs, prototype, and
experiments. IEEE internet of things journal, 2(6), 527-537.

Pappas, E. (2013). The Adult Learning Theory -Andragogy. Diperoleh pada
Desember 8, 2022. url: https://elearningindustry.com/the-adult-learning-
theory-andragogy-of-malcolm knowles.

Pappas, E. (2015). A Theory of Intrinsic Learning: Fundamental Concepts. Social
Science Today, 2(1), 21-32.

Parno, P., Supriana, E., Hidayat, A., Kurniawan, B. R., Fis, T. N., & Rafidah, F.
(2023). Pelatihan Pengembangan RPP Untuk PjBL-STEM-Asesmen
Formatif Berorientasi Literasi Sains Bagi Guru [IPA SMPN Se-Kota
Malang. J-ABDI: Jurnal Pengabdian kepada Masyarakat, 3(6), 1045-
1054.

Parwati, N. P. Y., & Pramartha, I. N. B. (2021). Strategi guru sejarah dalam
menghadapi  tantangan pendidikan indonesia di era society
5.0. Widyadari, 22(1), 143-158. Retrieved from
https://ojs.mahadewa.ac.id/index.php/widyadari/article/view/1114

Patphol, M. (2022). Developing a training curriculum using professional learning
community for enhancing teachers’ learning management skills to promote
students’ creativity and innovation ability: a case study of Thai
teachers. Creativity Studies, 15(1), 199-216.

Paul, A., & Jeyaraj, R. (2019). Internet of Things: A primer. Human Behavior and
Emerging Technologies, 1(1), 37-47.

Pedro, F., Subosa, M., Rivas, A., & Valverde, P. (2019). Artificial intelligence in
education: Challenges and opportunities for sustainable development.

Permanasari, A. (2023). Workshop Technological Pedagogical Content Knowledge
(Tpack) Berbasis Literasi Sains: Kompetensi Guru Ipa Abad 21 Dan New
Normal. KENDURI:  Jurnal  Pengabdian  dan  Pemberdayaan
Masyarakat, 3(1), 43-48.

Petrolo, R., Morabito, R., Loscri, V., & Mitton, N. (2017). The design of the
gateway for the cloud of things. Annals of Telecommunications, 72, 31-40.

Pillay, H., Muttaqi, . A., Pant, Y. R., & Herath, N. (2017). Innovative strategies for
accelerated human resource development in South Asia: Teacher
professional development-Special focus on Bangladesh, Nepal, and Sri
Lanka. Asian Development Bank.

Pitts, J. B. (2021). Conservation of energy: Missing features in its nature and
justification and why they matter. Foundations of Science, 26(3), 559-584.

Placidi, P., Morbidelli, R., Fortunati, D., Papini, N., Gobbi, F., &Scorzoni, A.
(2021). Monitoring soil and ambient parameters in the iot precision
agriculture scenario: An original modeling approach dedicated to low-cost
soil water content sensors.Sensors,21(15), 5110.



https://ojs.mahadewa.ac.id/index.php/widyadari/article/view/1114

289

Podungge, R., Rahayu, M., Setiawan, M., & Sudiro, A. (2020, June). Teacher
competence and student academic achievement. In 23rd Asian Forum of
Business Education (AFBE 2019) (pp. 69-74). Atlantis Press.

Polgampala, A. S. V., Shen, H., & Huang, F. (2017). STEM teacher education and
professional development and training: Challenges and trends. American
Journal of Applied Psychology, 6(5), 93-97.

Porter, J. R., Morgan, J. A., & Johnson, M. (2017, June). Building automation and
[oT as a platform for introducing STEM education in K-12. In 2017 ASEE
Annual Conference & Exposition.

Pottier, C. (1985). The adaptation of regional industrial structures to technical
changes. Papers in Regional Science, 58(1), 59-72.
https://doi.org/10.1111/1.1435-5597.1985.tb00915.x

Prabawati, P. L. S., & Agustika, G. N. S. (2020). Project-based learning based on
STEM (Science, Technology, Engineering, And Mathematics) enhancing
students science knowledge competence. Jurnal Ilmiah Sekolah
Dasar, 4(4), 621-629.

Praekanata, I. W. 1., Virnayanthi, N. P. E. S., Juliangkary, E., & Ratnaya, 1. G.
(2024). Menelusuri Arah Pendidikan: Dinamika dan Inovasi Kurikulum di
Indonesia. PT. Sonpedia Publishing Indonesia.

Pramod, D. (2022). Robotic process automation for industry: adoption status,
benefits, challenges and research agenda. Benchmarking: an international
journal, 29(5), 1562-1586.

Prihastuti, 1. (2021). Peningkatan Kompetensi Guru IPA Dalam Merancang,
Melaksanakan Dan Menilai Pembelajaran Berpikir Kritis Melalui
Pelatihan Berbasis Video. http://repository.upi.edu/71947/

Prihatiningrum, N., Barri, M. H., Pramudita, B. A., Fuadi, A. Z., Istigomah, I., &
Budiman, F. (2022). Workshop arduino untuk menunjang pembelajaran
STEM untuk guru IPA SMP. JMM (Jurnal Masyarakat Mandiri), 6(5).

Priyono, A. (2016). The use of ICT platforms to promote knowledge exchange in
project-based organisations. International Journal of entrepreneurial
knowledge, 4(2).

Purwaningsih, E., Sari, S. P., Sari, A. M., & Suryadi, A. (2020). The effect of
STEM-PJBL and discovery learning on improving students' problem-
solving skills of impulse and momentum topic. Jurnal Pendidikan 1PA
Indonesia, 9(4), 465-476.

Puspa, C. L. S., Rahayu, D. N. O., & Parhan, M. (2023). Transformasi pendidikan
abad 21 dalam merealisasikan sumber daya manusia unggul menuju
indonesia emas 2045. Jurnal Basicedu, 7(5), 3309-3321.

Qureshi, A., & Qureshi, N. (2021). Challenges and issues of STEM
education. Advances in Mobile Learning Educational Research, 1(2), 146-
161.

Qureshi, K. N., Naveed, A., Kashif, Y., & Jeon, G. (2021). Internet of Things for
education: A smart and secure system for schools monitoring and
alerting. Computers & Electrical Engineering, 93, 107275.

Raghunath, R., Anker, C., & Nortcliffe, A. (2018). Are academics ready for smart
learning?. British journal of educational technology, 49(1), 182-197.



https://doi.org/10.1111/j.1435-5597.1985.tb00915.x
http://repository.upi.edu/71947/

290

Rahayu, P., Subhiyanto, S., Adityarini, E., & Marzuki, M. (2024). Analisis
Kemampuan Literasi Digital dan Berpikir Kritis Mahasiswa Sebagai
Wujud Quality Education dalam Mendukung Sustainable Development
Goals (SDGs). Go Infotech: Jurnal Ilmiah STMIK AUB, 30(2), 256-266.
https://doi.org/10.36309/g0i.v30i2.312

Rahayu, S. (2017, October). Technological pedagogical content knowledge
(TPACK): Integrasi ICT dalam Pembelajaran IPA Abad 21. In Prosiding
Seminar Nasional Pendidikan IPA 1X (Vol. 9, pp. 1-14).

Rahayu, S. (2025). The Evolution of Education in Indonesia: A Study of the 2013
Curriculum, the Independent Curriculum, and Inclusive Education in the
Digital Era. DIJEE, 1(1), 12-18.

Rahmat, A., Hasanah, A., Suwarma, 1. R., Solihat, R., Widhiyanti, T., & Purwasih,
R. (2024). Pelatihan penjaminan mutu dan pembelajaran IPA dan
Matematika berbasis STEM pada Kurikulum Merdeka dalam
pengembangan Projek Penguatan Profil Pelajar Pancasila (P5). Abdimas
Siliwangi, 7(1), 144-159. https://doi.org/10.22460/as.v7i1.21565

Rahmayanti, L., Nugraheni, F. S. A., & Lestari, N. (2024). Penerapan pembelajaran
IPA berbasis science, technology, engineering, art, mathematics (STEAM)
untuk meningkatkan keterampilan proses kreatif. Jurnal Pendidikan Dan
Pembelajaran IPA Indonesia, 14(1), 21-29.

Raj, A., & Steingart, D. (2018). Power sources for the internet of things. Journal of
The Electrochemical Society, 165(8), B3130.

Ridei, N. (2021). Analysis of professional competencies in the characteristics of the
teacher of the future: global challenges of our time. Futurity
Education, 1(1), 26-36.

Rifandi, R., & Rahmi, Y. L. (2019, October). STEM education to fulfil the 21st
century demand: a literature review. In Journal of Physics: Conference
Series (Vol. 1317, No. 1, p. 012208). IOP Publishing.

Rip, A., & Kemp, R. (1998). Technological change. In Human choice and climate
change: Vol. II, Resources and Technology (pp. 327-399). Battelle Press.

Rizaldi, D. R., & Fatimah, Z. (2023). Merdeka Curriculum: Characteristics and
Potential in  Education  Recovery after the COVID-19
Pandemic. International Journal of Curriculum and Instruction, 15(1),
260-271.

Rocha, A., Mota, P., & Coutinho, C. P. (2011). 26-TPACK: Challenges for Teacher
Education in the 21st Century. ISATT 2011, 37.

Rochintaniawati, D., Susilawati, A., Kustiawan, I., Hasanah, L., Irawan, D.,
Juhanda, A., & Putri, S. D. (2024). Tren Penelitian dan Dampak Adanya
Internet of Things terhadap Peningkatan Kualitas Pendidikan IPA dalam
Upaya Melaksanakan Sustainable Development Goals (SDGs): Analisis
Bibliometrik. Pedagogia: Jurnal Ilmiah Pendidikan, 16(2), 109-115.
https://doi.org/10.55215/pedagogia.v16i2.20

Rohman, N., & Hendra, S. H. (2023). Peran pendidikan dalam pengembangan
keterampilan abad ke-21: Tinjauan literatur tentang kurikulum dan metode
pengajaran. ABDAU: Jurnal Pendidikan Madrasah Ibtidaiyah, 6(2), 133-
149.



https://doi.org/10.36309/goi.v30i2.312
https://doi.org/10.22460/as.v7i1.21565
https://doi.org/10.55215/pedagogia.v16i2.20

291

Rosak-Szyrocka, J., & Tiwari, S. (2023). Structural Equation Modeling (SEM) to
Test Sustainable Development in University 4.0 in the Ultra-Smart Society
Era. Sustainability, 15(23), 16167. https://doi.org/10.3390/sul52316167

Ruhland, T., Tobola, A., Scholl, C., Liibke, M., & Franchi, N. (2024). Data Quality
in IoT Temperature Sensor Systems: Demonstrated on Time-Dependent
Temperature Fluctuations. /IEEE Sensors Journal, 24(16), 25960-25971.

Ryan, E. C., Dubrow, R., & Sherman, J. D. (2020). Medical, nursing, and physician
assistant student knowledge and attitudes toward climate change,
pollution, and resource conservation in health care. BMC Medical
Education, 20, 1-14.

Ryseft, J., De Bruhl, B. F., & Newberry, S. J. (2024). The Root Causes of Failure
for Artificial Intelligence Projects and How They Can Succeed. I: RAND
Corporation. URL: https://www. rand.
org/pubs/research_reports/RRA2680-1. html (hdmtad 2025-03-11).

Saadé, R. G., Zhang, J., Wang, X., Liu, H., & Guan, H. (2023). Challenges and
opportunities in the internet of intelligence of things in higher education—
Towards bridging theory and practice. loT, 4(3), 430-465.

Saddhono, K., Suhita, R., Rakhmawati, A., Rohmadi, M., & Sukmono, I. K. (2024,
November). Al and Literacy: Developing Critical Thinking and Analytical
Skills in the Digital Era. In 2024 International Conference on IoT,
Communication and Automation Technology (ICICAT) (pp. 360-365).
IEEE.

Salas, E., Tannenbaum, S. I., Kraiger, K., & Smith-Jentsch, K. A. (2012). The
science of training and development in organizations: What matters in
practice. Psychological science in the public interest, 13(2), 74-101.

Salman, M. Y., & Hasar, H. (2023). Review on environmental aspects in smart city
concept: Water, waste, air pollution and transportation smart applications
using loT techniques. Sustainable Cities and Society, 94, 104567.

Sandall, B. K. (2016). Wearable technology and schools: where are we and where
do we go from here?. Journal of Curriculum, Teaching, Learning and
Leadership in Education, 1(1), 9.

Sandhu, M., & Naaranoja, M. (2009). Knowledge management practices in project-
based organisations. International Journal of Business Excellence, 2(2),
140-156.

Santos, J. M., & Castro, R. D. (2021). Technological Pedagogical content
knowledge (TPACK) in action: Application of learning in the classroom
by pre-service teachers (PST). Social Sciences & Humanities Open, 3(1),
100110.

Sarwono, J. 2006. Metode Penelitian Kuantitatif dan Kualitiatif. Graha Ilmu.
Yogyakarta.

Schmid, M., Brianza, E., & Petko, D. (2019). Developing a short assessment
instrument for Technological Pedagogical Content Knowledge
(TPACK.xs) and comparing the factor structure of an integrative and a
transformative model. Computers and Education, 157, 103967.
https://doi.org/10.1016/j.compedu.2020.103967



https://doi.org/10.3390/su152316167

292

Schmidt, D. A., Thompson, A. D., Koehler, M. J., & Shin, T. S. (2009).
Technological Pedagogical Content Knowledge (TPACK): The
Development and Validation of an Assessment Instrument for Preservice
Teachers. Journal of Research on Technology in Education, 42(2), 123—
149

Schneider, G., Bernardini, F., & Boscarioli, C. (2020, October). Teaching CT
through Internet of Things in high school: possibilities and reflections.
In 2020 IEEE Frontiers in Education Conference (FIE) (pp. 1-8). IEEE.

Schuelke-Leech, B. A. (2018). A model for understanding the orders of magnitude
of disruptive technologies. Technological Forecasting and Social
Change, 129, 261-274. https://doi.org/10.1016/j.techfore.2017.09.033

Serpanos, D., & Wolf, M. (2018). Internet-of-Things (IoT) Systems.
In Architectures, Algorithms, Methodologies. Springer International
Publishing AG.

Serpanos, D., & Wolf, M. (2018). Internet-of-Things (IoT) Systems.
In Architectures, Algorithms, Methodologies. Springer International
Publishing AG.

Shafique, K., Khawaja, B. A., Sabir, F., Qazi, S., & Mustaqim, M. (2020). Internet
of things (IoT) for next-generation smart systems: A review of current
challenges, future trends and prospects for emerging 5G-IoT
scenarios. /[EEFE access, 8, 23022-23040.

Shernoff, D. J., Sinha, S., Bressler, D. M., & Ginsburg, L. (2017). Assessing teacher
education and professional development needs for the implementation of
integrated approaches to STEM education. International journal of STEM
education, 4, 1-16.

Shernoff, D. J., Sinha, S., Bressler, D. M., & Ginsburg, L. (2017). Assessing teacher
education and professional development needs for the implementation of
integrated approaches to STEM education. International journal of STEM
education, 4, 1-16.

Shi, W., Cao, J., Zhang, Q., Li, Y., & Xu, L. (2016). Edge computing: Vision and
challenges. IEEE  internet  of  things  journal, 3(5), 637-646.
https://doi.org/10.1109/J1I0T.2016.2579198

Shi, Y., Xie, W., Xu, G., Shi, R., Chen, E., Mao, Y., & Liu, F. (2003). The smart
classroom: merging technologies for seamless tele-education. /EEE
Pervasive computing, 2(02), 47-55.

Shiohira, K. (2021). Understanding the Impact of Artificial Intelligence on Skills
Development. Education 2030. UNESCO-UNEVOC International Centre
for Technical and Vocational Education and Training.

Shulman, L. S., & Shulman, J. H. (2004). How and what teachers learn: A shifting
perspective. Journal ~ of  curriculum  studies, 36(2),  257-271.
https://doi.org/10.1080/0022027032000148298

Singh, D., Sandhu, A., Thakur, A., & Priyank, N. (2020). An overview of loT
hardware development platforms. Int. J. Emerg. Technol, 11(5), 155-163.

Slimp, M., & Bartels, R. (2019). How the Internet of Things is changing our
colleges, our classrooms, and our students. Rowman & Littlefield.



https://doi.org/10.1016/j.techfore.2017.09.033
https://doi.org/10.1109/JIOT.2016.2579198
https://doi.org/10.1080/0022027032000148298

293

Smidt, A., Balandin, S., Sigafoos, J., & Reed, V. A. (2009). The Kirkpatrick model:
A useful tool for evaluating training outcomes. Journal of Intellectual and
Developmental Disability, 34(3), 266-274.

Soros, P., Ponkham, K., & Ekkapim, S. (2018, January). The results of STEM
education methods for enhancing critical thinking and problem solving
skill in physics the 10th grade level. In AIP Conference Proceedings (Vol.
1923, No. 1). AIP Publishing.

Strielkowski, W., Grebennikova, V., Lisovskiy, A., Rakhimova, G., & Vasileva, T.
(2024). Al-driven adaptive learning for sustainable educational
transformation. Sustainable Development. 33, 1921-1947.

Stuckey, M., Hofstein, A., Mamlok-Naaman, R., & Eilks, I. (2013). The meaning
of ‘relevance’in science education and its implications for the science
curriculum. Studies in science education, 49(1), 1-34.

Suciu, M. C,, Plesea, D. A., Petre, A., Simion, A., Mituca, M. O., Dumitrescu, D.,
... & Nasulea, D. F. (2023). Core competence—As a key factor for a
sustainable, innovative and resilient development model based on Industry
5.0. Sustainability, 15(9), 7472.

Sudarsana, 1. K., Arini, N. W., Mastini, G. N., Sukerni, N. M., & Pusparini, L. D.
(2020). Learning media: The development and its utilization. Yayasan
Ahmar Cendekia Indonesia.

Sulaeman, N. F., Nuryadin, A., Sari, G. M. A., Riyadi, A., Zulhiyah, F., Putri, D. A.
Z., & Alam, M. 1. B. (2023). Pelatihan pembelajaran stem untuk
mendukung implementasi kurikulum merdeka pada proyek merancang
filter air. Bubungan Tinggi: Jurnal Pengabdian Masyarakat, 5(3), 1220-
1228.

Suo, Y., Miyata, N., Morikawa, H., Ishida, T., & Shi, Y. (2008). Open smart
classroom: Extensible and scalable learning system in smart space using
web service technology. IEEE transactions on knowledge and data
engineering, 21(6), 814-828.

Supardi, S., Juhji, J., Azkiyah, 1., & Muqdamien, B. (2021). The ICT basic skills:
Contribution to student social media utilization activities. International
Journal of Evaluation and Research in Education (IJERE), 10(1), 222-
229. http://repository.uinbanten.ac.id/id/eprint/12423

Surahman, E., Thaariq, Z. Z. A., Qolbi, M., & Setiawan, A. (2020, December).
Investigation of the high school teachers TPACK competency in South
Garut, West Java, Indonesia. In 6th International Conference on Education
and Technology (ICET 2020) (pp. 461-466). Atlantis Press.

Surya, A. (2018). Peran Guru Dalam Menumbuhkembangkan Bakat Minat Siswa
di SMK Negeri 1 Tapaktuan (Doctoral dissertation, UIN Ar-Raniry Banda
Aceh).

Suryaningsih, Y. (2017). Pembelajaran berbasis praktikum sebagai sarana siswa
untuk berlatih menerapkan keterampilan proses sains dalam materi
biologi. BIO EDUCATIO:(The Journal of Science and Biology
Education), 2(2).



http://repository.uinbanten.ac.id/id/eprint/12423

294

Susanto, F., Prasiani, N. K., & Darmawan, P. (2022). Implementasi Internet of
Things Dalam Kehidupan Sehari-Hari. Jurnal Imagine, 2(1), 35-40.
https://doi.org/10.35886/imagine.v2il.329

Susilawati, A., Al-Obaidi, A. S. M., Abduh, A., Irwansyah, F. S., & Nandiyanto, A.
B. D. (2025a). How to do research methodology: From literature Review,
bibliometric, step-by-step research stages, to practical examples in science
and engineering education. Indonesian Journal of Science and
Technology, 10(1), 1-40. https://doi.org/10.17509/ijost.v10i1.78637

Susilawati, A., Hernani, H., & Sinaga, P. (2017). The application of project-based
learning using mind maps to improve students’environmental attitudes
towards waste management in junior high schools. International Journal
of Education, 9(2), 120-125.

Susilawati, A., Kustiawan, I., Rochintaniawati, D., Hasanah, L., & Lim, Y. (2024a).
Light Intensity Distribution in the Room Using Light Dependent Resistor:
Through the Engineering Design Process. Indonesian Journal of Science
and Technology, 9(3), 679-708. https://doi.org/10.17509/ijost.v9i3.74410

Susilawati, A., Rochintaniawati, D., Hasanah, L., & Kustiawan, I. (2023a). Analysis
of the Needs of STEM Teaching Materials in Physics Subjects in High
Schools. Jurnal Penelitian Pendidikan IPA, 9(6), 4753-4760.

Susilawati, A., Rochintaniawati, D., Hasanah, L., Kustiawan, 1., Rustaman, N., &
Kaniawati, I. (2023b). Profile of the Need for STEM Teaching Materials
in Science Learning in Vocational Schools. IJIS Edu: Indonesian Journal
of Integrated Science Education, 5(2), 145-153.

Susilawati, A., Rochintaniawati, D., Kustiawan, ., & Hasanah, L. (2024b).
Research Trend About Internet of Thing Products in STEM Learning: A
Bibliometric Analysis. In 2024 9th International STEM Education
Conference (iISTEM-Ed) (pp. 1-5). IEEE. https://doi.org/10.1109/iSTEM-
Ed62750.2024.10663164

Susilawati, A., Rochintaniawati, D., Kustiawan, 1., Hasanah, L., Riandi, R.,
Algiranto, A., & Supriyadi, S. (2024c). Analysis and Visualization Critical
Thinking and Creative Thinking Trends of Research in Science Education
Using R Studio. KnE Social Sciences, 1210-1220.
https://doi.org/10.18502/kss.v9113.16063

Susilawati, A.; Kustiawan, I.; Rochintaniawati, D.; and Hasanah, L. (2023).
Research trends about STEM of internet of things for science teachers: A
bibliometric analysis. Journal of Engineering Science and Technology.
Special Issue on ISCoE2022, 18(6), 41-50.

Susilawati, A.; Rochintaniawati, D.; Permanasari, A.; and Kustiawan, 1. (2022).
Research Trends About Internet of Things on Science Education: A
Bibliometric Analysis. Journal of Engineering Science and Technology.
Special Issue on ICMScE2022.

Susilawati, D., Ria, R. R. P., Anggriani, R., Salsabila, S. 1., Aditia, R., & Aziz, F.
(2025b). Peningkatan Kompetensi Guru STEM Dalam Pembelajaran
Informatika Berbasis HOTS dan Computational Thinking Guna
Mendukung Implementasi Kurikulum Merdeka di MTsN 1
Mataram. Journal of Community Development, 5(3), 507-516.



https://doi.org/10.35886/imagine.v2i1.329
https://doi.org/10.17509/ijost.v10i1.78637
https://doi.org/10.17509/ijost.v9i3.74410
https://doi.org/10.1109/iSTEM-Ed62750.2024.10663164
https://doi.org/10.1109/iSTEM-Ed62750.2024.10663164
https://doi.org/10.18502/kss.v9i13.16063

295

Susilawati, S., & Doyan, A. (2020). Pelatihan Pembuatan Media Pembelajaran
Rumah Konversi Energi dan Penerapannya dengan Model STEM. Jurnal
Pengabdian Magister Pendidikan IPA, 3(2).

Sutaphan, S., & Yuenyong, C. (2019, October). STEM education teaching
approach: Inquiry from the context based. InJournal of Physics:
Conference Series (Vol. 1340, No. 1, p. 012003). IOP Publishing.

Sutiawan, 1. (2023). Peranan Guru dalam Pendidikan Karakter Era Society 5.0.
Guepedia.

Suwarma, I. R., Astuti, P., & Endah, E. N. (2015). Balloon powered car” sebagai
media pembelajaran IPA berbasis STEM (Science, Technology,
Engineering, and Mathematics). Prosiding Simposium Nasional Inovasi
dan Pembelajaran Sains, 373-376.

Taale, A. (2021). Design concept for an loT-based earthquake early warning
platform (Doctoral dissertation, University of British Columbia).

Tanak, A. (2020). Designing TPACK-based course for preparing student teachers
to teach science with technological pedagogical content
knowledge. Kasetsart Journal of Social Sciences, 41(1), 53-59.

Tavares, M. C., Azevedo, G., & Marques, R. P. (2022). The challenges and
opportunities of era 5.0 for a more humanistic and sustainable society—a
literature review. Societies, 12(6), 149.
https://doi.org/10.3390/s0c12060149

Teo, T. W., & Ke, K. J. (2014). Challenges in STEM teaching: Implication for
preservice and inservice teacher education program. Theory into
Practice, 53(1), 18-24.

Tissenbaum, M., & Slotta, J. D. (2019). Developing a smart classroom
infrastructure to support real-time student collaboration and inquiry: a 4-
year design study. Instructional Science, 47, 423-462.

Tok, F., Canitez, N., & Aydemir, T. (2025). Assessing the effectiveness of an
occupational musculoskeletal injury prevention program for paramedic
students: A quasi-experimental, pretest—posttest study. International
Emergency Nursing, 82, 101658.

Trends, G. (2017). Challenges and opportunities in the implementation of the
Sustainable  Development  Goals. United  Nations  Development
Programme& United Nations Research Institute for Social Development.

Tsichouridis, C., Batsila, M., Vavougios, D., & loannidis, G. (2020). Virtual and
augmented reality in science teaching and learning. In The Impact of the
4th Industrial Revolution on Engineering Education: Proceedings of the
22nd International Conference on Interactive Collaborative Learning
(ICL2019)—Volume 1 22 (pp. 193-205). Springer International Publishing.

Tutkyshbayeva, S., & Zakirova, A. (2024). Analysing loT Digital Education:
Fostering Students' Understanding and Digital Literacy. International
Journal of Engineering Pedagogy, 14(4).

Tytler, R. (2020). STEM education for the twenty-first century. Integrated
approaches to STEM education: An international perspective, 21-43.



https://doi.org/10.3390/soc12060149

296

Umam, K. A., & Saripah, I. (2018). Using the Context, Input, Process and Product
(CIPP) model in the evaluation of training programs. International
Journal of Pedagogy and Teacher Education, 2, 19-183.

Uspabayeva, A., Sattarova, A., Mirza, N., Kubeeva, M., Abdualievich, Z. K., &
Rysbayeva, G. (2022). Evaluation of high school students’ new trends in
education: internet of things. International Journal of Emerging
Technologies in Learning (iJET), 17(19), 159-175.

Valenduc, G., & Vendramin, P. (2017). Digitalisation, between disruption and
evolution. Transfer: European Review of Labour and Research, 23(2),
121-134.

Valmohammadi, C., & Shahrashoob, V. (2022). Determinants of the human capital
department development programs toward achieving functional strategic
objectives: a fuzzy hybrid approach. Industrial and Commercial
Training, 54(3), 377-395.

Vargas, H., Farias, G., Sanchez, J., Dormido, S., & Esquembre, F. (2013). Using
augmented reality in remote laboratories. International Journal of
Computers Communications & Control, 8(4), 622-634.

Varhan, O. (2020). economic contributions and collaborative benefits of PLM
(product lifecycle management) to organizations (Doctoral dissertation,
[zmir Institute of Technology).

Velychko, V. E., Kaydan, N. V., Fedorenko, O. G., & Kaydan, V. P. (2022, June).
Training of practicing teachers for the application of STEM education.
In Journal of Physics: Conference Series (Vol. 2288, No. 1, p. 012033).
IOP Publishing.

Vergragt, P. J. (2006). How technology could contribute to a sustainable world. GT1
Paper Series, 28.

Verma, S., Kawamoto, Y., Fadlullah, Z. M., Nishiyama, H., & Kato, N. (2017). A
survey on network methodologies for real-time analytics of massive IoT
data and open research issues. [EEE Communications Surveys &
Tutorials, 19(3), 1457-1477.

Vural, H. (2023). Mentoring and its Significance in the Formation of Translators'
Self-Efficacy Perceptions. Participatory Educational Research, 10(6), 1-
13.

Wahono, B., Lin, P. L., & Chang, C. Y. (2020). Evidence of STEM enactment
effectiveness in Asian student learning outcomes. International Journal of
STEM Education, 7(1), 36.

Wang, H. H. (2012). 4 new era of science education: Science teachers' perceptions
and classroom practices of science, technology, engineering, and
mathematics (STEM) integration. University of Minnesota.

Wang, Y., Muthu, B., & Sivaparthipan, C. B. (2021). Internet of things driven
physical activity recognition system for physical
education. Microprocessors and Microsystems, 81, 103723.

Wangsupphaphol, A., Phichaisawat, S., & Lengkayan, R. (2024). Alternative
energy options for a Thai durian farm: feasibility study and experiments
for the combination of solar photovoltaics and repurposed lithium-ion
batteries. Indonesian Journal of Science and Technology, 9(1), 125-144.



297

Weforum. 2020. “The Future of Jobs Report 2020.” World Economic Forum
Website. Accessed October 30, 2022.
https://www3.weforum.org/docs/ WEF_Future_of Jobs_ 2020.pdf

Widiyatmoko, A., Taufigq, M., Dewi, N. R., Darmawan, M. S., Lissaadah, L., &
Saputra, A. (2022). Pelatihan Digitalisasi Pembelajaran IPA Berbasis
STEM pada MGMP Guru IPA Kota Semarang. Journal of Community
Empowerment, 2(2), 47-53.

Widiyatmoko, A., Yanitama, A., Arifudin, R., Pamelasari, S. D., Darmawan, M. S.,
Astutianingtyas, D. F., & Saputra, A. (2023). Peningkatan Pemahaman
Sains, Coding, dan Robotik Berbasis STEM untuk Guru Matematika dan
IPA SMP Kota Semarang. Journal of Community Empowerment, 3(1), 7-
14.

Wilshin, S., Amos, S., & Bomphrey, R. J. (2023). Seeing with sound; surface
detection and avoidance by sensing self-generated noise.International
Journal of Micro Air Vehicles,15, 17568293221148377

Winarni, R., Slamet, S. Y., Poerwanti, J. 1., Sriyanto, M. L., Yulisetiani, S., &
Syawaludin, A. (2022). Peningkatan keterampilan menulis kreatif
bermuatan pendidikan budi pekerti pada guru-guru sekolah dasar melalui
hybrid learning. Widya Laksana, 11(1), 98-105.

Wiyono, K., Sriyanti, ., Patriot, E. A., Amri, I., Raharjo, M., Sanjaya, M. R., ... &
Juliansyah, D. (2024). Pelatihan Dan Pendampingan Guru Ipa: Pembuatan
Media Pembelajaran Berbasis STEM Pada Materi Energi Terbarukan.
Gervasi: Jurnal Pengabdian kepada Masyarakat, 8(3), 1215-1229.

Wolniak, R., & Grebski, W. (2023). The usage of smart thermostats in smart
home. Zeszyty ~ Naukowe  Politechniki ~ Slgskiej.  Organizacja i
Zarzgdzanie, 189, 759-769.

Wulandari, I. (2016, November). Innovation of Mathematics Education through
Lesson Study Challenges to Energy Efficiency on STEM on Statistics and
Saving Electricity. In PROCEEDING OF THE 4th INTERNATIONAL
SYMPOSIUM ON MATHEMATICS EDUCATION INNOVATION (p. 197).

Yananda, M. R., Rahadian, A., Hastiadi, F. F., Nagara, G., & Firdaus, B.
(2022). Skenario Masa Depan Indonesia 2045: Pemimpin & Masyarakat.
Cikini Art Stage.

Yeh, C. Y., Cheng, Y. M., & Lou, S. J. (2020). An Internet of Things (IoT) maker
curriculum  for  primary  school  students: Develop  and
evaluate. International ~ Journal of Information and Education
Technology, 10(12), 889-896.

Yeh, Y. F,, Lin, T. C.,, Hsu, Y. S., Wu, H. K., & Hwang, F. K. (2015). Science
teachers’ proficiency levels and patterns of TPACK in a practical
context. Journal of Science Education and Technology, 24(1), 78-90.

Yun, J., Ahn, 1. Y., Song, J., & Kim, J. (2019). Implementation of sensing and
actuation  capabilities for IoT  devices wusing  oneM2M
platforms. Sensors, 19(20), 4567.

Yunus, S. R., Ramlawati, R., Arsyad, A. A., & Saenab, S. (2022). Pembuatan Media
Pembelajaran Berbasis Canva sebagai Upaya Memaksimalkan



https://www3.weforum.org/docs/WEF_Future_of_Jobs_%202020.pdf

298

Implementasi Pendekatan TPACK bagi Guru di Pesantren Putri Yatama
Mandiri. SMART: Jurnal Pengabdian Kepada Masyarakat, 2(1), 7-16.

Yusuf, M. (2015). Problematika Penerapan Kurikulum Tingkat Satuan
Pendidikan. Mitra PGMI: Jurnal Kependidikan MI, 1(1), 26-42.

Zaini, H. (2015). Karakteristik kurikulum 2013 dan kurikulum tingkat satuan
pendidikan  (KTSP). El-Idare:  Journal of Islamic  Education
Management, 1(01), 15-31.

Zainuddin, A. A., Nor, R. M., Handayani, D., Tamrin, M. 1. M., Subramaniam, K.,
& Sadikan, S. F. N. (2024). Smart Attendance in Classroom (CObot): [oT
and Facial Recognition for Educational and Entrepreneurial Impact. Aptisi
Transactions on Technopreneurship (ATT), 6(3), 608-622.

Zen, B. P, Fitriana, G. F., & Gustalika, M. A. (2021). Peran Kompetensi melalui
berfikir komputasi dalam membangun karir di dunia IT menuju Era
Society 5.0. Dedikasi Sains Dan Teknologi (DST), 1(2), 94-98.
https://doi.org/10.47709/dst.v1i2.1122

Zhang, N., Williams, I. D., Kemp, S., & Smith, N. F. (2011). Greening academia:
Developing sustainable waste management at Higher Education
Institutions. Waste management, 31(7), 1606-1616.

Zhao, M., Zhao, G., & Qu, M. (2022). College smart classroom attendance
management system based on internet of things. Computational
Intelligence and Neuroscience, 2022(1), 4953721.

Zhong, C. L., & Li, Y. L. (2020). Internet of things sensors assisted physical activity
recognition and health monitoring of college students. Measurement, 159,
107774.

Zou, W., Sastry, M., Gooding, J. J., Ramanathan, R., &Bansal, V. (2020). Recent
advances and a roadmap to wearable UV sensor technologies.Advanced
Materials Technologies,5(4), 1901036.



https://doi.org/10.47709/dst.v1i2.1122

