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ABSTRAK

PENGARUH PROJECT-BASED LEARNING BERMUATAN SUSTAINABLE
DEVELOPMENT GOALS TERHADAP KESADARAN BERKELANJUTAN DAN
KETERAMPILAN PENGAMBILAN KEPUTUSAN PADA MATERI
BIOTEKNOLOGI

Widya Eko Nurazizah
2208608

Rendahnya kesadaran berkelanjutan dan keterampilan pengambilan keputusan sebagian
besar siswa di Indonesia mendorong upaya untuk melakukan pembelajaran yang dapat
membekalkan kesadaran berkelanjutan dan keterampilan pengambilan keputusan. Salah
satu upaya untuk membekalkan kesadaran berkelanjutan dan keterampilan pengambilan
keputusan adalah melalui Project-Based Learning (PjBL) bermuatan SDGs. Tujuan
penelitian ini yaitu mengetahui pengaruh PjBL bermuatan SDGs terhadap kesadaran
berkelanjutan dan keterampilan pengambilan keputusan siswa pada materi Bioteknologi.
Metode penelitian yang digunakan adalah quasi-experiment dengan desain nonequivalent
pretest-posttest control group. Sampel penelitian ini adalah siswa kelas XII SMA yang
terdiri dari 66 siswa ditentukan dengan teknik purposive sampling. Penelitian dilakukan
pada dua kelas, yaitu kelas eksperimen dan kelas kontrol. Instrumen penelitian berupa
kuesioner dan lembar observasi pembelajaran. Kuesioner kesadaran berkelanjutan
berjumlah 18 butir pernyataan yang dimodifikasi dari Sustainability Consciousness
Questionnaire Short (SCQ-S). Kuesioner keterampilan pengambilan keputusan berjumlah
15 butir pernyataan yang dimodifikasi dari Assessing Decision Making skills (ADMS)
Questionnaires. Lembar observasi pembelajaran disusun berdasarkan sintaks PjBL.
Analisis data menggunakan Independent Sample T-test dan Mann-Whitney U Test.
Interpretesai hasil statistik menunjukkan bahwa terdapat pengaruh PjBL bermuatan SDGs
terhadap kesadaran berkelanjutan dan keterampilan pengambilan keputusan. Indikator
yang paling dipengaruhi oleh PjBL bermuatan SDGs adalah indikator pengetahuan
berkelanjutan pada kesadaran berkelanjutan dan indikator merumuskan alternatif-
alternatif pada keterampilan pengambilan keputusan. Hasil tersebut sejalan dengan hasil
observasi keterlaksanaan PjBL bermuatan SDGs dengan kategori sangat baik.

Kata kunci: Project-Based Learning, Sustainable Development Goals, Kesadaran
Berkelanjutan, Keterampilan Pengambilan Keputusan, Bioteknologi.
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ABSTRACT

THE INFLUENCE OF PROJECT BASED LEARNING CONTAINING
SUSTAINABLE DEVELOPMENT GOALS ON SUSTAINABILITY
AWARENESS AND DECISION-MAKING SKILLS IN
BIOTECHNOLOGY MATERIAL

Widya Eko Nurazizah
2208608

The low level of sustainability awareness and decision-making skills of most
students in Indonesia requires efforts to carry out learning that can provide
sustainability awareness and decision-making skills. One effort to provide
sustainability awareness and decision-making skills is through Project-Based
Learning (PjBL) containing SDGs. This research aims to determine the effect of
PjBL containing SDGs on students' sustainability awareness and decision-making
skills in Biotechnology material. The research method was a quasi-experiment
with a nonequivalent pretest-posttest control group design. The sample for this
research was class XII high school students consisting of 66 students determined
using a purposive sampling technique. The research was conducted in two classes,
namely the experimental class and the control class. The research instruments
were questionnaires and learning observation sheets. The sustainability awareness
questionnaire consists of 18 statement items adapted from the Sustainability
Consciousness Questionnaire Short (SCQ-S). The decision-making skills
questionnaire consists of 15 statement items adapted from the Assessing Decision
Making skills (ADMS) Questionnaires. The learning observation sheet is prepared
based on the PjBL syntax. Data analysis used the Independent Sample T-test and
the Mann-Whitney U Test. Interpretation of statistical results shows an influence
of PjBL containing SDGs on sustainability awareness and decision-making skills.
The indicators most influenced by PjBL containing SDGs are sustainability
knowingness indicator on sustainability awareness and identify the alternatives
indicator on decision-making skill. These results are in line with the results of
observations of the implementation of PjBL containing SDGs in the very good
category.

Keywords: Project-Based Learning, Sustainable Development Goals, Sustainable
Awareness, Decision-Making Skills, Biotechnology.



DAFTAR ISI

Pernyataan Bebas PlagiariSme ..........ccveiiiiiieiieeiec e \Y
KAt PENGANTAT .......viiiiiie et e e e e nes \
Ucapan TerimakasiN.........c.ccoovoiiiiiiicie e Vi
N 01 1 - | SRURRTSSRR viii
N 0L 1 - Uod OSSR IX
DL L RO P PSPPSR X
Daftar GAMDAY..........ccciieie it xiii
Daftar TADEI ....cveoeecee e e Xiv
Daftar LAMPITAN ......ooveiiiiiieieiee ettt XVi
BAB | PendahUIUAN. ..........ooiiiiee e s 1
1.1 Latar Belakang Penelitian ...........ccccooieiiiiiiiiic i 1
1.2 Rumusan Masalah Penelitian............ccccovveiiiiieiieie e 9
1.3 TUJUAN PENEIITIAN ..ot 9
1.4 Manfaat PENelitian ........c.covoieiiie e 10
1.5 Batasan Penelitian ..o e 11
1.6 Struktur Organisasi PENUIISAN TESIS .....ccciveiiieiie e 11

BAB Il Project-Based Learning, Sustainable Development Goals, Kesadaran
Berkelanjutan, Keterampilan Pengambilan Keputusan, dan Materi

BIOtEKNOIOG ... 13
2.1 Project-Based Learning (PJBL) .......ccoooiiiiiiiiiiiiieeeeeese s 13
2.2 Sustainable Development GOoalS ..........cccccvvveiieie i 19
2.2.1 Pengertian Sustainable Development Goals...........cccccevevieeveeveiiennnn 19
2.2.2 SDG 12: Responsible Consumption and Production (Konsumsi dan
Produksi yang Bertanggung Jawab) ...........ccccvvririiiieienc e 23
2.2.3 Kaitan SDG 12 dengan Kesadaran Berkelanjutan.............ccccccocevienene 26
2.2.4 Kaitan SDG 12 dengan Keterampilan Pengambilan Keputusan .......... 27
2.3 Kesadaran Berkelanjutan .............cccooerverieieeiieeie e 27
2.4 Keterampilan Pengambilan Keputusan...........ccoceviiiinininnene e 32
2.5 Materi Bioteknologi pada Kurikulum Merdeka............ccoocovveniennniennnene. 36
BAB 1 Metode Penelitian ..........ocooiiiiiiiiii e 40
3.1 Metode dan Desain PENetian..........ccoovevereiineienisiseeee e 40
3.2 Populasi dan SAMPEL .........cceiiiiiiiiiie e 46
3.3 Tempat dan Waktu Penelitian ...........cccooviiiiniiiiiiceeee s 47
3.4 Definisi OPerasional ............ccoeiiiiiiiieieie s 47
3.5 INStrumen PENEIITIAN .......ooveiviiiiiiieeeee s 48
3.5.1 Teknik Pengumpulan Data ...........cccccereeveiiieieeie e 49
3.5.2 Lembar Observasi Kegiatan Guru dan Siswa pada Pelaksanaan PjBL
Bermuatan SDGs di Kelas EKSperimen ..., 49



3.5.3 Lembar Observasi Kegiatan Guru dan Siswa pada Pelaksanaan PjBL di

Kelas KONTIOL.........ooiiiiiiiiicee s 50
3.5.4 Kuesioner Kesadaran Berkelanjutan .............ccccoooviivevviieiieniescesieennnn 50
3.5.5 Kuesioner Keterampilan Pengambilan Keputusan ...........c.cccccoovvvnnnne. 51
3.5.6 Kuesioner Tanggapan Siswa Mengenai PjBL Bermuatan SDGs......... 52
3.5.7 Analisis Hasil Uji Keterbacaan INStrumen ...........cccocovevieeieeiinecnieecnnn, 52
a. Hasil Uji Keterbacaan Kuesioner Kesadaran Berkelanjutan ........... 53

b. Hasil Uji Keterbacaan Kuesioner Keterampilan Pengambilan
KEPULUSAN ... s 53
3.5.8 Analisis Data Hasil Uji Coba INStrumen ............cccccerviieieencniesienen 54
A UjJEValiditas.......ccooeiiieiecieceee e 54
D. Uji Reliabilitas.........ccovviieiieiecie e 54
3.5.9 Analisis Hasil Uji Coba INStrUMEeN..........cccocvevveiieiieseeie e e 55
a. Hasil Uji Coba Kuesioner Kesadaran Berkelanjutan....................... 55
b. Hasil Uji Coba Kuesioner Keterampilan Keputusan ....................... 56
3.5.10 Pemberian Skor (Scoring) Instrumen Penelitian...........c.ccccccoevevveenen. 57

a. Pemberian Skor Lembar Observasi Kegiatan Guru dan Siswa pada
Pelaksanaan PjBL Bermuatan SDGs di Kelas Eksperimen dan PjBL
di Kelas KONEIOL........ooouiiiiiieece e 57

b. Pemberian Nilai Setiap Proses Pengerjaan Proyek dalam Lembar
Kerja Peserta Didik (LKPD) PjBL Bermuatan SDGs di Kelas

Eksperimen dan PjBL di Kelas Kontrol ............ccccceveviiiiviieiiennnn 58
c. Pemberian Skor Presentasi Proyek PjBL Bermuatan SDGs di Kelas

Eksperimen dan Proyek PjBL di Kelas Kontrol ...........ccccccoeeviennenn 59
d. Pemberian Skor Produk Hasil Proyek Fermentasi Berdasarkan

Indikator SDG 12 di Kelas Eksperimen dan Kontrol ...................... 60
e. Pemberian Skor Kuesioner Kesadaran Berkelanjutan..................... 61

f. Pemberian Skor Kuesioner Keterampilan Pengambilan Keputusan 62
g. Pemberian Skor Kuesioner Tanggapan Siswa Mengenai Pelaksanaan

PJBL Bermuatan SDGS........cccoveiiiiiiieiieiie et 63

3.6 ANALISIS DAL ......civiiiiiiieieie et 64
3.6.1 UJI Prasyaral........cccoeiereieriisiiieieie et 64

A, UJENOIMAIITAS. ..o 64

D. UjJi HOMOQENITAS .....eoivvieiieiie e 64

3.6.2 Uji Perbedaan Rata-Rata ............cccceeeeiieiiiic i 65

3.7 Prosedur Penelitian. ..........ccoooiiiiiiiiisieee s 65
3.7.1 Tahap Persiapan Penelitian...........cccceveiiiiiiiiniieeeese e 65
3.7.2 Tahap Pelaksanaan Penelitian ...........ccccoceviiiiiiiiieienccc e 66
3.7.3 Tahap AKhir Penelitian ... 67

3.8 AlUr PENEIITIAN ..o 68
BAB IV Temuan dan Pembahasan ... 69
4.1 Keterlaksanaan PjBL Bermuatan SDGs pada Materi Bioteknologi .............. 69

Xl



4.1.1 Kegiatan Guru dan Siswa pada Pelaksanaan PjBL pada Materi

Bioteknologi di Kelas Eksperimen dan Kontrol............c.ccccccoveiiiiennnn 69
4.1.2 Capaian Proses Pengerjaan Proyek Melalui Lembar Kerja Peserta Didik
(LKPD) di Kelas Eksperimen dan Kontrol............ccccooeveiiiiiiinnnnnne, 84

4.2 Produk Hasil Proyek PjBL Bermuatan SDGs pada Materi Bioteknologi.... 109
4.3 Pengaruh PjBL Bermuatan SDGs Terhadap Kesadaran Berkelanjutan Siswa

pada Materi BioteKNOIOgi .........cceiveiiiieiiciecc e 127
4.3.1 Analisis Hasil Statistik Kesadaran Berkelanjutan Siswa.................... 128
4.3.2 Analisis Kesadaran Berkelanjutan Siswa pada Setiap Indikator ........ 131
4.4 Pengaruh PjBL Bermuatan SDGs Terhadap Keterampilan Pengambilan
Keputusan Siswa pada Materi BioteKnologi..........cccccceeveeiiiiciieieciciienn, 180
4.4.1 Analisis Hasil Statistik Keterampilan Pengambilan Keputusan Siswa
............................................................................................................ 180
4.4.2 Analisis Keterampilan Pengambilan Keputusan Siswa pada Setiap
INAIKALOL ... 184
4.5 Tanggapan Siswa Mengenai Pelaksanaan PjBL Bermuatan SDGs............. 227
BAB V Simpulan, Implikasi, dan Rekomendasi...........c.ccccoveveriverenieiieennsee 230
5.1 SIMPUIAN ..ottt 230
5.2 IMPEIKAST. ...ttt 230
5.3 REKOMENUAST ... .ottt 231
DAFTAR PUSTAKA .ottt 232

xii



DAFTAR GAMBAR

Gambar Hal
Gambar 2.1 Representasi Konseptual Kesadaran Berkelanjutan.......................... 29
Gambar 3.1 AlUr PENEHITIAN. ........ccveiiee et 68
Gambar 4.1 Rata-Rata Persentase Kegiatan Guru pada Pelaksanaan PjBL
Bermuatan SDGs di Kelas Eksperimen pada Setiap Sintaks........... 70
Gambar 4.2 Rata-Rata Persentase Kegiatan Guru pada Pelaksanaan PjBL di Kelas
Kontrol pada Setiap Sintaks.........c.cccevveiieiiiieiecce e 75
Gambar 4.3 Rata-Rata Persentase Kegiatan Siswa pada Pelaksanaan PjBL
Bermuatan SDGs di Kelas Eksperimen pada Setiap Sintaks........... 79
Gambar 4.4 Rata-Rata Persentase Kegiatan Siswa pada Pelaksanaan PjBL di
Kelas Kontrol pada Setiap Sintaks...........cccccovevveieiieiiene e 82
Gambar 4.5 (a) dan (b) Contoh Hasil Penulisan Alat dan Bahan pada LKPD 2
(Kelompok) Kelas EKSPerimen..........ccoviiiinininiene s 88
Gambar 4.6 (a) dan (b) Contoh Hasil Penetapan Jadwal Pengerjaan Proyek pada
LKPD 2 (Kelompok) Kelas EKsperimen ..........ccccccevveiieeiineinennne, 90
Gambar 4.7 (a) dan (b) Contoh Hasil Rumusan Masalah pada LKPD 1 (Individu)
Kelas EKSPEITMEN .......ccoiiiiiiiieieie e 92
Gambar 4.8 (a) dan (b) Contoh Hasil Identifikasi Masalah pada LKPD 1
(Individu) Kelas EKSPErimen .........cccuoveiieieniieniesceie e 93
Gambar 4.9 (a) dan (b) Contoh Hasil Penentuan Alat pada LKPD 2 (Kelompok)
Kelas KONTIol ..o s 101
Gambar 4.10 (a) dan (b) Contoh Hasil Penyusunan Langkah Kerja pada LKPD 2
(kelompok) Kelas Kontrol ... 102
Gambar 4.11 (a) dan (b) Contoh Hasil Penetapan Jadwal Kegiatan pada LKPD 2
(Kelompok) Kelas Kontrol ............ccoeoviieiieniccccceee e 103
Gambar 4.12 (a) dan (b) Contoh Hasil Tabel Kemajuan Proyek pada LKPD 2
(Kelompok) Kelas Kontrol ...........cccooiiiiiiiiiiieenc e 105
Gambar 4.13 (a) dan (b) Contoh Hasil Kesimpulan pada LKPD 3 (Kelompok)
Kelas KONEIOL ..o s 106
Gambar 4.14 Rata-Rata Skor Pretest dan Posttest Kesadaran Berkelanjutan Siswa
pada Kelas Kontrol dan EKSperimen .........c.cccocevvvieviveneiiiesiennns 129

Gambar 4.15 (a) Hasil Rata-Rata Skor Pretest dan Posttest Kesadaran
Berkelanjutan Siswa Pada Kelas Kontrol dan (b) Hasil Rata-Rata
Skor Pretest dan Posttest Kesadaran Berkelanjutan Siswa Pada Kelas

EKSPEIIMEN ...ttt 132
Gambar 4.16 Rata-Rata Skor Indikator Pengetahuan Berkelanjutan Berkelanjutan
pada Kelas Kontrol dan EKSPerimen .........cccccooevenencnennnncnenen, 135

Xiii



Gambar 4.17 Rata-Rata Skor Indikator Sikap Berkelanjutan pada Kelas Kontrol

dan EKSPEIIMEN......cciiiiiieieee et 150
Gambar 4.18 Rata-Rata Skor Indikator Perilaku Berkelanjutan pada Kelas Kontrol
dan EKSPEIIMEN.......coiiiiiiieieee e 164
Gambar 4.19 Selisih Skor Pretest dan Posttest Kesadaran Berkelanjutan Siswa
pada Setiap INAIKALON ........cccveiiiiiiiiie e 177
Gambar 4.20 Rata-Rata Skor Pretest dan Posttest Keterampilan Pengambilan
Keputusan Siswa pada Kelas Kontrol dan Eksperimen................. 182

Gambar 4.21 (a) Hasil Rata-Rata Skor Pretest dan Posttest Keterampilan
Pengambilan Keputusan Siswa Kelas Kontrol dan (b) Hasil Rata-
Rata Skor Pretest dan Posttest Keterampilan Pengambilan Keputusan

Siswa Kelas EKSPerimen........cccccveevieiieie e 184
Gambar 4.22 Rata-Rata Skor Indikator Mengidentifikasi Masalah pada Kelas
Eksperimen dan Kontrol ... 188
Gambar 4.23 Rata-Rata Skor Indikator Merumuskan Alternatif-Alternatif pada
Kelas Kontrol dan EKSperimen ..........ccccocvvevveiiic v 194
Gambar 4.24 Rata-Rata Skor Indikator Menganalisis Risiko dan Konsekuensi
pada Kelas Kontrol dan EKSPerimen .........ccccoovveveniiencnnnnenenn, 200
Gambar 4.25 Rata-Rata Skor Indikator Memilih Alternatif pada Kelas Kontrol
dan EKSPEIMEN.........ciiiiiccc e 208
Gambar 4.26 Rata-Rata Skor Indikator Evaluasi pada Kelas Kontrol dan
EKSPEIIMEN ...t 218
Gambar 4.27 Selisih Skor Pretest dan Posttest Keterampilan Pengambilan
Keputusan Siswa pada Setiap Indikator............ccccoeveiiiiniinnnnn. 225

Xiv



DAFTAR TABEL

Tabel Hal
Tabel 2.1 Kaitan Lima Bidang (5P) dengan Tujuan dan Target SDGs ................ 21
Tabel 2.2 INAIKAtOr SDG 12........ccveiieeeie et 24
Tabel 2.3 Tujuan Pembelajaran SDG 12 Berdasarkan UNESCO...............ccccv.... 25
Tabel 3.1 Quasi Experiment Nonequivalent Pretest-Posttest Control Group
D] oSS PRRTRSN 40
Tabel 3.2 Rancangan PjBL Bermuatan SDGs pada Materi Bioteknologi ............ 43
Tabel 3.3 Teknik Pengumpulan Data...........ccccoeieriiinininiee e 49
Tabel 3.4 Kisi-Kisi Kuesioner Kesadaran Berkelanjutan Siswa............cc.cccoveueee. 51
Tabel 3.5 Kisi-Kisi Kuesioner Keterampilan Pengambilan Keputusan................ 51
Tabel 3.6 Kisi-Kisi Kuesioner Tanggapan Siswa Mengenai PjBL Bermuatan

SDIGS .ttt bbb 52
Tabel 3.7 Kategori Hasil Uji Keterbacaan INStrumen............ccoccevveevviicneeneennnnn 53
Tabel 3.8 Hasil Uji Keterbacaan Kuesioner Kesadaran Berkelanjutan ................ 53
Tabel 3.9 Hasil Uji Keterbacaan Kuesioner Keterampilan Pengambilan Keputusan

............................................................................................................ 53
Tabel 3.10 Interpretasi Validitas ..........cccovviiiiiiniieeee s 54
Tabel 3.11 Interpretasi REHabIITaS .........ccoeieiiiiiiiieee 55
Tabel 3.12 Rekapitulasi Hasil Uji Coba Kuesioner Kesadaran Berkelanjutan..... 56
Tabel 3.13 Rekapitulasi Hasil Uji Coba Kuesioner Keterampilan Pengambilan

KEPULUSAN ...ttt bbb 56
Tabel 3.14 Kategori Rata-Rata Persentase Hasil Kegiatan Pembelajaran............. 58
Tabel 3.15 Kategori Nilai Rata-Rata Hasil LKPD...........ccccooeiiiiiiniiinciee 59
Tabel 3.16 Kategori Penilaian Presentasi Proyek SiSwa...........cccoocvviiiiiniennnnne. 60
Tabel 3.17 Kategori Penilaian Proyek Fermentasi SiSWa...........cccccceveveveeiieennenn, 61
Tabel 3.18 Kategori Skor Rata-Rata Kesadaran Berkelanjutan Siswa.................. 62
Tabel 3.19 Kategori Skor Rata-Rata Hasil Keterampilan Pengambilan Keputusan

SISWA ..ttt ettt nreene s 63
Tabel 3.20 Kategori Nilai Rata-Rata Tanggapan Siswa Mengenai Pelaksanaan

PJBL Bermuatan SDGS .........ccccivevieeieiieie e e e eie e e esee e 64
Tabel 4.1 Capaian Proses Pengerjaan Proyek Melalui LKPD pada PjBL

Bermuatan SDGs di Kelas EKSperimen ..........cccccoveveniienineninennns 86
Tabel 4.2 Capaian Proses Presentasi Proyek PjBL Bermuatan SDGs pada Setiap

(] (0] 1] 10 QRSP R 95
Tabel 4.3 Capaian Proses Pengerjaan Proyek Melalui LKPD pada PjBL di Kelas

(0] 11 1 S 99
Tabel 4.4 Capaian Proses Presentasi Proyek PjBL pada Setiap Kelompok........ 108

Xiv



Tabel 4.5 Produk Hasil Proyek Fermentasi Bermuatan SDG 12........................ 109
Tabel 4.6 Hasil Penilaian Proyek Fermentasi Berdasarkan Indikator SDG 12 di

Kelas EKSPEriMEN.........cueiieecie e 112
Tabel 4.7 Produk Hasil Proyek Fermentasi Bermuatan SDG 12...............c....... 119
Tabel 4.8 Hasil Penilaian Proyek Fermentasi Berdasarkan Indikator SDG 12 di
Kelas KONLIOL .......oouiiiiiieiie e 121
Tabel 4.9 Analisis Statistik Hasil Pretest dan Posttest Kesadaran Berkelanjutan
SISWA .ot a e nnaes 128
Tabel 4.10 Rata-Rata Skor Pretest dan Posttest Setiap Indikator Kesadaran
Berkelanjutan Siswa Kelas Kontrol ............ccccoooeiiiiiiniiieies 132

Tabel 4. 11 Analisis Statistik Uji Perbedaan Rata-Rata Pretest dan Posttest Setiap
Indikator Kesadaran Berkelanjutan Siswa Kelas Kontrol dan
EKSPEIIMEN ...t 133

Tabel 4.12 Analisis Statistik Pretest dan Posttest Keterampilan Pengambilan
KEPULUSAN SISWA ..c.vevviiieiiieiesiie sttt 180

Tabel 4.13 Rata-Rata Skor Pretest dan Posttest Setiap Indikator Keterampilan
Pengambilan Keputusan Siswa Kelas Kontrol.............ccccocvevveenen. 185

Tabel 4.14 Analisis Statistik Hasil Uji Perbedaan Rata-Rata Pretest dan Posttest
Setiap Indikator Keterampilan Pengambilan Keputusan Siswa Kelas

Kontrol dan EKSPerimen.........cccovvviiieeiiiciic e 186
Tabel 4.15 Hasil Tanggapan Siswa Mengenai Pelaksanaan PjBL bermuatan SDGs
.......................................................................................................... 227

XV



Lampiran
Lampiran
Lampiran
Lampiran
Lampiran
Lampiran

Lampiran

Lampiran
Lampiran

Lampiran
Lampiran

Lampiran

Lampiran
Lampiran

Lampiran
Lampiran
Lampiran

Lampiran
Lampiran

Lampiran

Lampiran

DAFTAR LAMPIRAN

Hal
1. Modul Ajar Materi Bioteknologi di Kelas Eksperimen................. 266
2. Modul Ajar Materi Bioteknologi di Kelas Kontrol ....................... 274
3. Lembar Observasi Kegiatan Guru pada Pelaksanaan Project-Based
Learning (PjBL) Bermuatan SDGs di Kelas Eksperimen................ 277
4. Lembar Observasi Kegiatan Siswa pada Pelaksanaan Project-Based
Learning (PjBL) Bermuatan SDGs di Kelas Eksperimen................ 280
5. Lembar Observasi Kegiatan Guru pada Pelaksanaan Project-Based
Learning (PjBL) di Kelas Kontrol ...........ccooveiiiininiiencece 282
6. Lembar Observasi Kegiatan Siswa pada Pelaksanaan Project-Based
Learning (PjBL) di Kelas Kontrol ...........ccccovevieiiiie v 284
7. Kuesioner Kesadaran Berkelanjutan ...........cccccevevveevveresieseennnnn 286
8. Hasil Judgment Ahli Terhadap Kuesioner Kesadaran Berkelanjutan
.......................................................................................................... 291
9. Kuesioner Keterampilan Pengambilan Keputusan........................ 295
10. Hasil Judgment Ahli Terhadap Kuesioner Keterampilan
Pengambilan KeputuSan ..........ccooeveiiiiieiiiieeeese s 298
11. Kuesioner Tanggapan Siswa terhadap Project-Based Learning
(PJBL) Bermuatan SDGS.........ccceiierieneenieenieeie e siesie e sieesee e ses 302

12. Lembar Uji Keterbacaan Kuesioner Kesadaran Berkelanjutan... 305

13. Lembar Uji Keterbacaan Kuesioner Keterampilan Pengambilan
KEPULUSAN ... s 307
14. Hasil Uji Validitas dan Reliabilitas Kuesioner Kesadaran
Berkelanjutan ..........ccooo oo 309
15. Hasil Uji Validitas dan Reliabilitas Kuesioner Keterampilan
Pengambilan Keputusan............cccovevvieiienecie e 313
16. Rubrik Penilaian Lembar Kerja Peserta Didik (LKPD) Materi
BIOteKNOIOGH ... 317
17. Rubrik Penilaian Presentasi Proyek...........ccccovvevieiiieiieiieennnns 323
18. Rubrik Penilaian Produk Hasil Proyek Fermentasi di Kelas Kontrol
dan EKSPEIIMEN ......ccviiicie et 327
19. Rata-Rata Persentase Kegiatan Pembelajaran pada Guru dan Siswa
.......................................................................................................... 338
Lampiran 20. Lembar Kerja Peserta Didik (LKPD) Materi Bioteknologi di Kelas
EKSPEIIMEN ...ttt 350
21. Lembar Kerja Peserta Didik (LKPD) Materi Bioteknologi di Kelas
KONTIOL ... 358



Lampiran
Lampiran
Lampiran

Lampiran

Lampiran

22. Hasil Uji Statistik (Uji Normalitas, Uji Homogenitas, dan
Independent Sample T-Test) Kuesioner Kesadaran Berkelanjutan.. 360
23. Hasil Uji Perbedaan Rata-Rata Pretest dan Posttest Setiap Indikator

Kesadaran Berkelanjutan............ccoooeieiininicicienenee e 362
24. Hasil Rekapitulasi Rata-Rata Skor Pretest dan Posttest Kesadaran
Berkelanjutan pada Setiap Siswa Kelas Eksperimen ....................... 371

25. Hasil Rekapitulasi Skor Rata-Rata Dimensi Pembangunan
Berkelanjutan pada Kesadaran Berkelanjutan Siswa Sebelum dan
Sesudah Perlakuan...........coeiieiiieiieese e 373
26. Hasil Uji Statistik (Uji Normalitas, Uji Homogenitas, dan
Independent Sample T-Test) Kuesioner Keterampilan Pengambilan

KEPULUSAN ...ttt sine e 373
Lampiran 27. Hasil Uji Perbedaan Rata-Rata Pretest dan Posttest Setiap Indikator
Keterampilan Pengambilan Keputusan .............cccoeviniiinininnenen. 376
Lampiran 28. Hasil Rekapitulasi Rata-Rata Skor Pretest dan Posttest
Keterampilan Pengambilan Keputusan pada Setiap Siswa Kelas
EKSPEIIMEN ...ttt 386
Lampiran 29. Surat Keterangan telah Melakukan Penelitian..............cc.ccoveeee. 389
Lampiran 30. Dokumentasi PeNelitian .............coovieiininiiieieiecc e 390

Xvii



DAFTAR PUSTAKA

Aaslyng, M. D., & Hgjer, R. (2021). Introducing Tempeh as a New Plant-Based
Protein Food Item on The Danish Market. Foods, 10(11).
https://doi.org/10.3390/fo0ds10112865

Abdullah, M. S., & Rahman, S. (2020). The Relationship Between Decision
Making Skills and Students’ Behaviour Management The Relationship
Between Decision Making Skills and Students’ Behaviour Management.
International Journal of Academic Research in Business & Social
Sciences, 1(14), 246-257. https://doi.org/10.6007/1JARBSS/v10-
114/7693

Agusti, K. A., Wijaya, A. F. C., & Tarigan, D. E. (2019). Problem Based Learning
dengan Konteks ESD untuk Meningkatkan Keterampilan Berpikir Kritis
dan Sustainability Awareness Siswa SMA pada Materi Pemanasan
Global. Prosiding Seminar Nasional Fisika (E-Journal) SNF, 8(22),
175-182. https://doi.org/10.21009/03.SNF2019.01.PE.22

Ahied, M., Muharrami, L. K., Fikriyah, A., & Rosidi, I. (2020). Improving
Students’ Scientific Literacy Through Distance Learning with
Augmented Reality-Based Multimedia Amid the Covid-19 Pandemic.
Jurnal Pendidikan IPA Indonesia, 9(4), 499-511.
https://doi.org/10.15294/jpii.v9i4.26123

Ahnan-Winarno, A. D., Cordeiro, L., Winarno, F. G., Gibbons, J., & Xiao, H.
(2021). Tempeh: A Semicentennial Review on Its Health Benefits,
Fermentation, Safety, Processing, Sustainability, and Affordability.
Comprehensive Reviews in Food Science and Food Safety, 20(2), 1717-
1767. https://doi.org/10.1111/1541-4337.12710

Ainis, N. (2023). The Use of Project-Based Learning Model In Teaching English
Vocabulary At The Eighth Grade of SMPN 8 Palopo. (Thesis). English
Language Education Study Program Education and Teacher Training
Faculty State Islamic Institute of Palopo, Palopo.

Albareda-Tiana, S., Vidal-Raméntol, S., Pujol-Valls, M., & Fernandez-Morilla, M.
(2018). Holistic Approaches to Develop Sustainability and Research
Competencies in Pre-Service Teacher Training. Sustainability
(Switzerland), 10(10), 3698. https://doi.org/10.3390/su10103698

Albarracin, D., & Shavitt, S. (2018). Attitudes and Attitude Change. The Annual

Review of Psychology, 69(4), 1-29. https://doi.org/10.1146/annurev-
psych- 122216-011911 Copyright

232



233

Aldabbus, S. (2018). Project-Based Learning: Implementation & Challenges.
International Journal of Education, Learning and Development, 6(3),
71-79.

Aleksejeva, L., Pelse, M., & Hauka, A. (2021). Organic Production as Part of a
Sustainable Local Food Supply Chain. Research for Rural Development,
36, 160-166. https://doi.org/10.22616/rrd.27.2021.023

Alisjahbana, A. S., & Murniningtyas, E. (2018). Tujuan Pembangunan
Berkelanjutan di Indonesia. Bandung: Unpad Press.

Alm, K., Beery, T. H., & Eiblmeier, D. (2022). Students’ Learning Sustainability —
Implicit , Explicit or Non-Existent : A Case Study Approach on Students’
Key Competencies Addressing the SDGs in HEI Program. International
Journal of Sustainability in Higher Education, 23(8), 60-84.
https://doi.org/10.1108/1JSHE-12-2020-0484.

Alsaati, T., EI-Nakla, S., & El-Nakla, D. (2020). Level of Sustainability Awareness
among University Students in The Eastern Province of Saudi Arabia.
Sustainability (Switzerland), 12(8), 1-15.
https://doi.org/10.3390/SU12083159

Altatri, A., Putri, N. A., Rahma, R., Melinda, S., Zhafira, ... Achyar, A. (2021).
Pengaruh Perbedaan Konsentrasi Gula Terhadap Uji Organoleptik
Sauerkraut dari Kubis Ungu (Brassica oleracea var. capitata L .).
Prosiding Seminar Nasional Biologi, 1(2), 12-24.
https://doi.org/10.24036/prosemnasbio/vol1/144

Amalia, D., Supriatno, B., & Anggraeni, S. (2022). Pemanfaatan Limbah Air
Cucian Beras Sebagai Substrat pada Respirasi Anaerob Menggunakan
Alat Praktikum Sederhana di Rumah. Jurnal Basicedu, 6(4), 7510-7517.
https://doi.org/10.31004/basicedu.v6i4.3542.

Amalina, A., Lestari, Y. B., & Yusra, K. (2023). Teachers’ Perception Towards
Project-Based Learning in Teaching English to Young Learners : A Case
in Mandalika Intercultural School. International Journal of Multicultural
and Multireligious Understanding, 10(7), 101-107.
https://doi.org/10.18415/ijmmu.v10i7.4783.

Amin, S., & Muthia, S. (2022). The Benefits and Challenges of Online Project-
Based Learning: Students and Lecturer’s Perceptions. Jurnal
Kependidikan, 7(1), 15-30. https://doi.org/10.21831/jk.v7i1.58409.

Amissah, P. A. K. (2019). Advantages and Challenges of Online Project Based
Learning. (Theses). Rochester Institute of Technology, Rhochester.



234

Andriani, R., Kusumo, B., & Charina, A. (2017). Analisis Keberlanjutan Praktik
Pertanian Sayuran Organik di Kecamatan Parongpong Kabupaten
Bandung Barat. Jurnal  Agribisnis  Terpadu, 10(2), 129.
https://doi.org/10.33512/jat.v10i2.5064.

Andzari, A., Purwandari, D., & Yuliani, S. (2021). Hubungan Budaya Sekolah
dengan Pro Environmental Behavior Siswa. Jurnal Ilmiah Pendidikan
Lingkungan Dan Pembangunan, 22(01), 16-25.
https://doi.org/10.21009/plpb.221.02.

Anggarkasih, M. G., & Fatimah, A. I. F. (2022). Penerapan Project Based Learning
dalam Praktikum Teknologi Fermentasi di Sekolah Vokasi Institut
Pertanian Bogor. Bioscientist: Jurnal Ilmiah Biologi, 10(2), 891-900.
https://doi.org/10.33394/bioscientist.v10i2.6241.

Anggraini, P. D., & Wulandari, S. S. (2020). Analisis Penggunaan Model
Pembelajaran Project Based Learning Dalam Peningkatan Keaktifan
Siswa. Jurnal Pendidikan Administrasi Perkantoran, 9(2), 292-299.
https://doi.org/10.26740/jpap.vOn2.p292-299.

Anh, P. T., Lan, N. T. N., Hanh, N. T. M., Huy, D. T. N., & Loan, B. T. T. (2020).
Sustainable Consumption Behaviors of Young People in The Field of
Food and Drinks: A Case Study. Journal of Security and Sustainability
Issues, 9(3), 36-47. https://doi.org/10.9770/JSS1.2020.9.M(3).

Annunziata, G., Arnone, A., Ciampaglia, R., Tenore, G. C., & Novellino, E. (2020).
Fermentation of foods and beverages as a tool for increasing availability
of bioactive compounds. focus on short-chain fatty acids. Foods, 9(8),
999. https://doi.org/10.3390/f00ds9080999.

Aprilia, A., Haryati, N., Dewi, H. E., Pariasa, 1. I., Hardana, A. E., ... Tassariya, U.
K. (2022). Awareness of Household Food Waste Management with A
Zero-Waste Concept: A Preliminary Study. Habitat, 33(2), 122-132.
https://doi.org/10.21776/ub.habitat.2022.033.2.13.

Apsari, Y., Mulyani, E. R., & Lisdawati, 1. (2019). Students’ Attitudes Toward
Implementation of Project Based Learning. Journal Of Educational
Experts (JEE), 2(2), 123. https://doi.org/10.30740/jee.v2i2p123-128.

Ardiyanti, D. (2016). Aplikasi Model Rasch pada Pengembangan Skala Efikasi Diri
dalam Pengambilan Keputusan Karier Siswa. Jurnal Psikologi, 43(3),
248-263. https://doi.org/10.22146/jpsi.17801.

Ardwiyanti, D., & Prasetyo, Z. K. (2021). Exploring Students’ Decision-Making
Ability in the Context of Socio-Scientific Issues. Proceedings of the 6th
International Seminar on Science Education, 541(2020), 661-668.



235

https://doi.org/10.2991/assehr.k.210326.096.

Arikunto, S. (2010). Prosedur Penelitian: Suatu Pendekatan Praktik. Diakses dari:
https://irigasi.info/wp-content/uploads/2021/03/PROSEDUR-
PENELITIAN-17 Mar-2021-14-11-12.pdf. https://irigasi.info/wp-
content/uploads/2021/03/PROSEDUR-PENELITIAN-17%0AMar-2021-
14-11-12.pdf.

Aripin, I., Hidayat, T., Rustaman, N., & Riandi, R. (2021). Knowledge, Attitudes,
and Behavior of Prospective Biology Teachers towards Biodiversity
Conservation in Indonesia. European Online Journal of Natural and
Social Sciences, 10(3), 456-462. http://www.european-science.com456.

Aristizabal, J., & Sharma, S. (2020). Adding Value to Cassava Family Farming
through Fermented Cassava Foods. Indian Food Industry Mag, 2(6), 35—
48. https://www.researchgate.net/publication/349304496.

Artama, K. K. J., Budasi, I. G., & Ratminingsih, N. M. (2023). Promoting the 21st
Century Skills Using Project-Based Learning. Language Circle: Journal
of Language and Literature, 17(2), 325-332.
https://doi.org/10.15294/lc.v17i2.39096.

Arvai, J. L., Campbell, V. E. A, Baird, A., & Rivers, L. (2004). Teaching Students
to Make Better Decisions About the Environment: Lessons From The
Decision Sciences. Journal of Environmental Education, 36(1), 33-44.
https://doi.org/10.3200/JOEE.36.1.33-44.

Astawan, M., & Leomitro, A. (2008). Khasiat Warna-Warni Makanan. Gramedia
Pustaka Utama.

Astuti, T., Sitompul, M., & Faadhilanisyah, A. (2023). Tempeh Consumption
Patterns in Indonesian Family and Contribution Nutritional Adequacy.
AcTion: Aceh Nutrition Journal, 8(4), 518-525.
https://doi.org/10.30867/action.v8i4.1006.

Atamin, R. I. Y., Araja, C. D., Matusalem, J. B., & Borbon, N. M. D. (2023).
Students’ Perceptions and Attitudes towards Statistics. International
Journal on Hospitality Tourism Research, 2(4), 507-513.
https://doi.org/10.2991/assehr.k.210615.095.

Aubrecht, K. B., Bourgeois, M., Brush, E. J., Mackellar, J., & Wissinger, J. E.
(2019). Integrating Green Chemistry in The Curriculum: Building
Student Skills in Systems Thinking, Safety, and Sustainability. Journal of
Chemical Education, 96(12), 2872-2880.
https://doi.org/10.1021/acs.jchemed.9b00354.



236

Avsec, S., & Jagietto-Kowalczyk, M. (2021). Investigating Possibilities of
Developing Self-Directed Learning in Architecture Students Using
Design  Thinking.  Sustainability  (Switzerland), 13(8), 1-25.
https://doi.org/10.3390/su13084369.

Badan  Standar,  Kurikulum, dan  Asesmen Pendidikan = (BSKAP)
Kemendikbudristek. (2022). Capaian Pembelajaran Mata Pelajaran
Biologi Fase E- Fase F untuk SMA/MA/Program Paket C. Jakarta:
Kemendikbudristek.

Bal, S., Keskin, N., & Bozkurt, O. (2007). University Students’ Knowledge and
Attitude about Genetic Engineering. Eurasia Journal of Mathematics,
Science, & Technology Education, 3(2), 119-126.
https://doi.org/https://doi.org/10.12973/ejmste/75383.

Bangun, I. R. B., & Harahap, N. A. S. (2023). Project Based Learning Model in
Teaching Writing Descriptive Text for Grade Seven at SMPN 8 Medan.
Register Journal UNIMED, 12(2), 157-168.
https://doi.org/10.24114/reg.v12i2.47771

Bankefa, O. E., Oladeji, S. J., Ayilara-Akande, S. O., & Lasisi, M. M. (2021).
Microbial Redemption of “Evil” Days: A Global Appraisal to Food
Security. J Food Sci Technol, 58(6). https://doi.org/10.1007/s13197-020-
04725-7.

Barquet, K., Jarnberg, L., Alva, I. L., & Weitz, N. (2022). Exploring Mechanisms
for Systemic Thinking in Decision - Making through Three Country
Applications of SDG Synergies. Sustainability Science, 17(4), 1557—
1572. https://doi.org/10.1007/s11625-021-01045-3.

Barus, T., Cenniati, N., & Prasasty, V. D. (2023). Variations in The Properties and
Bacterial Community of white glutinous rice tapai under different
packaging conditions during fermentation. Biodiversitas, 24(11), 6240-
6247. https://doi.org/10.13057/biodiv/d241146.

Baviskar, D., Chattaraj, A., & Patil, A. (2024). Consumer Behaviour and
Sustainable Product Choices: Insights from Visual Trends. E3S Web of
Conferences, 472(02002), 1-14.
https://doi.org/10.1051/e3sconf/202447202002.

Bencsik, A. (2022). Background on The Sustainability of Knowledge.
Sustainability, 14(15), 9698. https://doi.org/10.3390/su14159698.

Berhitu, M., Rehena, J. F., & Tuaputty, H. (2020). The Effect of Project-Based
Learning (PjBL) Models on Improving Students’ Understanding of
Concepts, Retention, and Social Attitudes. Formatif: Jurnal Ilmiah



237

Pendidikan MIPA, 10(2), 143-152.
https://doi.org/10.30998/formatif.v10i2.5947.

Billah, A., Khasanah, U., & Widoretno, S. (2019). Empowering Higher-Order
Thinking through Project-Based Learning: A Conceptual Framework.
AIP Conference Proceedings, 1-8. https://doi.org/10.1063/1.5139743

Birdsall, S. (2013). Measuring student teachers ’ understandings and self-awareness
of sustainability. Environmental Education Research, September, 1-22.
https://doi.org/10.1080/13504622.2013.833594.

Boeve-de Pauw, J., Gericke, N., Olsson, D., & Berglund, T. (2015). The
Effectiveness of Education for Sustainable Development. Sustainability,
7(11), 15693-15717. https://doi.org/10.3390/su71115693.

Bolis, 1., Morioka, S. N., & Sznelwar, L. I. (2017). Are We Making Decisions in a
Sustainable Way? A Comprehensive Literature Review about
Rationalities for Sustainable Development. Journal of Cleaner
Production, 145, 310-322. https://doi.org/10.1016/j.jclepro.2017.01.025.

Bolstad, T. (2021). Sustainability in Project-Based Learning : Project Themes and
Self- Perceived Competencies. Nordic Journal of STEM Education, 5(1).
https://doi.org/10.5324/njsteme.v5i1.3925.

Borges, F. (2019). Knowledge, Attitudes and Behaviours Concerning Sustainable
Development: A Study among Prospective Elementary Teachers. Higher
Education Studies, 9(2), 22. https://doi.org/10.5539/hes.von2p22.

Bozoglu, M., Bilgic, A., Kilic Topuz, B., & Ardali, Y. (2016). Factors Affecting
The Students’ Environmental Awareness, Attitudes and Behaviors in
Ondokuz Mayis University, Turkey. Fresenius Environmental Bulletin,
25(4), 1243-1257.

Bramwell-lalor, S., Ferguson, T., Gentles, C. H., & Roofe, C. (2020). Project-Based
Learning for Environmental Sustainability Action. Southern African
Journal of Environmental Education, 36(2), 57-72.
https://doi.org/10.4314/sajee.v36i1.10.

Bruce, P. J., & Gray, J. H. (2017). Is Experience the Key to Effective Decision
Making in an Australian Airline/s Operations Control Centre? Monash
University, 26-28.

Buck Institute for Education. (2019). Project Path: Project Phase.

Bunge, A. C., Mazac, R., Clark, M., Wood, A., & Gordon, L. (2024). Sustainability
Benefits of Transitioning from Current Diets to Plant-Based Alternatives



238

or Whole-Food Diets in Sweden. Nature Communications, 15(1), 951.
https://doi.org/10.1038/s41467-024-45328-6.

Carter, S. (2016). Traditional Vs Project-Based Learning: The Effects on Student
Performance and Motivation in Honors Level Mathematics Courses
[Dissertation]. Liberty University.
https://digitalcommons.liberty.edu/doctoral/1259/.

Carvalho, L. S., Willers, C. D., Soares, B. B., Nogueira, A. R., de Almeida Neto, J.
A., & Rodrigues, L. B. (2022). Environmental Life Cycle Assessment of
Cow Milk in a Conventional Semi-Intensive Brazilian Production
System. Environmental Science and Pollution Research, 29(15), 21259
21274. https://doi.org/10.1007/s11356-021-17317-5.

Cazorla-Montero, A., de los Rios-Carmenado, I., & Pasten, J. I. (2019). Sustainable
Development Planning: Master’s Based on a Project-Based Learning
Approach. Sustainability (Switzerland), 11(22), 1-24.
https://doi.org/10.3390/su11226384.

Cempaka, L. (2021). Peuyeum: Fermented Cassava from Bandung, West Java,
Indonesia. Journal of Ethnic Foods, 8(3), 1-8.
https://doi.org/10.1186/s42779-021-00079-3.

Chen, M.-L., & Wang, F.-S. (2010). Optimization of a Fed-Batch Simultaneous
Saccharification and Cofermentation Process from Lignocellulose to
Ethanol. Industrial and Engineering Chemistry Research, 49(12), 5775-
5785. https://doi.org/10.1021/ie1001982.

Chen, P. H. (2023). Integrating Sustainable Development Goals into Project-Based
Learning and Design Thinking for The Instructional Design of a Virtual
Reality Course. Engineering Proceedings, 55(1).
https://doi.org/10.3390/engproc2023055078.

Chen, Y. C., Hsieh, S. L., & Hu, C. Y. (2020). Effects of Red-Bean Tempeh with
Various Strains of Rhizopus on GABA Content and Cortisol Level in
Zebrafish. Microorganisms, 8(9), 1330.
https://doi.org/10.3390/microorganisms8091330.

Chiu, C. F. (2020). Facilitating K-12 Teachers in Creating Apps by Visual
Programming and Project-Based Learning. International Journal of
Emerging Technologies in Learning, 15(1), 103-118.
https://doi.org/10.3991/ijet.v15i01.11013.

Cintang, N., Setyowati, D. L., Sularti, S., & Handayani, D. (2017). Perception of
Primary School Teachers Towards The Implementation of Project Based
Learning. Journal of Primary Education, 6(24).



239

https://doi.org/10.15294/jpe.v6i2.17552.

Cogut, G., Webster, N. J., Marans, R. W., & Callewaert, J. (2019). Links Between
Sustainability-Related Awareness and Behavior: The Moderating Role of
Engagement. International Journal of Sustainability in Higher
Education, 20(7), 1240-1257. https://doi.org/10.1108/1JSHE-09-2018-
0161.

Condliffe, B., Quint, J., Visher, M. G., Bangser, M. R., Drohojowska, S., ...
Nelson, E. (2017). Project-based Learning: a Literature Review. In
mdrc:  Building  Knowledge to  Improve  Social  Policy.
https://www.mdrc.org/publication/project-based-learning.

Coronado, J. M., Moyano, A., Romero, V., Ruiz, R., & Rodriguez, J. (2021).
Student Long-Term Perception of Project-Based Learning in Civil
Engineering Education : An 18-Year Ex-Post Assessment. Sustainability,
13(4), 1949. https://doi.org/10.3390/su13041949.

Creswell, J. W. (2014). Research Design Qualitative, Quantitative, and Mixed
Methods Approaches. SAGE Publications Ltd.

Damacena, C., & Nascimento, T. M. do. (2016). Responsabilidade compartilhada e
sua influéncia nas atitudes de estudantes de administracdo de uma ies
privada de porto alegre. Administracdo: Ensino e Pesquisa (RAEP),
17(1), 9-32. https://doi.org/10.13058/raep.2016.v17n1.330.

Daniel, F. (2016). Kemampuan Berpikir Kritis Siswa Pada Implementasi Project
Based Learning ( PJBL ) Berpendekatan Saintifik. Jurnal Pendidikan
Matematika Indonesia, 1(1), 7-13. https://doi.org/10.26737/jpmi.v1il.76.

Dewi, M. R. (2023). Kelebihan dan Kekurangan Project-based Learning untuk
Penguatan Profil Pelajar Pancasila Kurikulum Merdeka. Inovasi
Kurikulum, 19(2), 213-226. https://doi.org/10.17509/jik.v19i2.44226.

Dewi, R. S., & Aziz, S. (2011). Isolasi Rhizopus Oligosporus pada Beberapa
Inokulun Tempe di Kabupaten Banyumas. Molekul, 6(2), 93-104.
https://doi.org/10.20884/1.jm.2011.6.2.97.

Dewi, S., Shari, A., Purba, R. E., & Susilowarno, R. G. (2022). Biologi untuk
SMA/MA Kelas XII. Kementrian Pendidikan, Kebudayaan, Riset, dan
Teknologi.

Diana, H. A., & Saputri, V. (2021). Model Project Based Learning Terintegrasi
Steam Terhadap Kecerdasan Emosional dan Kemampuan Berpikir Kritis
Siswa Berbasis Soal Numerasi. Jurnal Numeracy, 8(2), 113-127.
https://doi.org/10.46244/numeracy.v8i2.16009.



240

Diefes-dux, H. A. et al. (2007). Nanotechnology Awareness of First-Year Food and
Agriculture Students following a Brief Exposure. Journal of Natural
Resources &  Life  Sciences  Education, 36(1), 58-65.
https://doi.org/10.2134/jnrlse2007.36158x.

Diggle, A., & Walker, T. R. (2022). Environmental and Economic Impacts of
Mismanaged Plastics and Measures for Mitigation. Environments, 9(2),
15. https://doi.org/10.3390/environments9020015.

Dinar, F. (2014). Tehnik Pengolahan Kacang Hijau Menjadi Tempe untuk
Meningkatkan Penghasilan Keluarga di Desa Tembung. Jurnal
Pengabdian Kepada Masyarakat, 20(75), 40-44.
https://jurnal.unimed.ac.id/2012/index.php/jpkm/article/view/4809.

Dixon, J. A., & Fallon, L. A. (1989). The Concept of Ustainability: Origins,
Extensions, and Usefulness for Policy. Society and Natural Resources,
2(1), 73-84. https://doi.org/10.1080/08941928909380675.

Dogaru, L. (2020). About Sustainability between Responsible Production and
Consumption. Proceedings, 63(1), 69.
https://doi.org/10.3390/proceedings2020063069.

Doppelt, Y. (2003). Implementation and Assessment of Project-Based Learning in a
Flexible Environment. International Journal of Technology and Design
Education, 13(3), 255-272. https://doi.org/10.1023/a:1026125427344.

Dornyei, K. R., Uysal-Unalan, 1., Krauter, V., Weinrich, R., Incarnato, L., ...
Corredig, M. (2023). Sustainable Food Packaging: An Updated
Definition Following a Holistic Approach. Frontiers in Sustainable Food
Systems, 7. https://doi.org/10.3389/fsufs.2023.1119052.

Duda, H. J., Wahyuni, F. R. E., & Setyawan, A. E. (2020). Misconception of The
Biology Education Students on The Concepts of Fermentation. Journal
of Physics: Conference Series, 1521(4). https://doi.org/10.1088/1742-
6596/1521/4/042006.

Duerden, M. D., Witt, P. A., Fernandez, M., Bryant, M. J., & Theriault, D. (2012).
Measuring Life Skills: Standardizing the Assessment of Youth
Development Indicators. Journal of Youth Development, 7(1).
https://doi.org/10.5195/JYD.2012.155.

Dwarapureddi, K. B., Dash, S., Garika, N. S., Raj, A.,, & Vara, S. (2021).
Sustainable Society With Responsible Consumption and Production. In
edited by C. R. G. Popescu (Ed.), Novel Practices and Current Successes
in Achieving the Sustainable Development Goals (pp. 335-351.). IGI



241

Global. https://doi.org/10.4018/978-1-7998-8426-2.ch017.

Dwivedi, S. P., & Dwivedi, G. (2019). Utilization of Organic Waste and Inorganic
Waste in Development of Green Hybrid Composite Material. Materials
Performance and Characterization, 8(1), 316-328.
https://doi.org/10.1520/MPC20190023.

Ekamilasari, Permanasari, A., & Pursitasari, I. D. (2021). Students’ Critical
Thinking Skills and Sustainability Awareness in Science Learning for
Implementation Education for Sustainable Development. Indonesian
Journal of Multidiciplinary Research, 1(1), 121-124.

Ekantini, A., & Wilujeng, 1. (2018). The Development of Science Student
Worksheet Based on Education for Environmental Sustainable
Development to Enhance Scientific Literacy. Universal Journal of
Education Research, 6(6), 1339-1347.
https://doi.org/10.13189/ujer.2018.060625.

El-Abbadi, N. H., Dao, M. C., & Meydani, S. N. (2014). Yogurt: Role in Healthy
and Active Aging. American Journal of Clinical Nutrition, 99(5), 1263—
1270. https://doi.org/10.3945/ajcn.113.073957.

Evenddy, S. S., Gailea, N., & Syafrizal, S. (2023). Exploring The Benefits and
Challenges of Project-Based Learning in Higher Education. PPSDP
International Journal of Education, 2(2), 458-469.
https://doi.org/10.59175/pijed.v2i2.148.

Fadha, G. S., Purwianingsih, W., & Solihat, R. (2023). Use of E-Modules Based on
Socio-Scientific Issues in Efforts to Improve Argumentation and
Decision-Making Skills of High School Students. Jurnal Penelitian
Pendidikan IPA, 9(9), 7591-7598.
https://doi.org/10.29303/jppipa.v9i9.3507.

Fang, J., & O’Toole, J. (2023). Embedding Sustainable Development Goals (SDGs)
in an Undergraduate Business Capstone Subject Using an Experiential
Learning Approach: A qualitative Analysis. International Journal of
Management Education, 21(1), 100749.
https://doi.org/10.1016/j.ijme.2022.100749.

Faridah, H. D., & Sari, S. K. (2019). Utilization of Microorganism on The
Development of Halal Food Based on Biotechnology. Journal of Halal
Product and Research, 2(1), 33. https://doi.org/10.20473/jhpr.vol.2-
issue.1.33-43.

Fauziyah, R. N., Salsabil, N. B., Sulaeman, A., Hastut, W., Pramintarto, G., &
Mulyo, E. (2024). Effect of Black Sticky Rice Tape and Purple Sweet



242

Potato Formulation on Organoleptic Properties and Anthocyanin Content
of Sweet Purple Mochi as a High Anthocyanin Snack to Prevent Cancer.
Healthcare in Low-Resource Settings, 12(1), 11853.
https://doi.org/10.4081/hls.2024.

Feijoo, G., & Moreira, M. T. (2020). Education for Chemical Engineers Fostering
Environmental Awareness Towards Responsible Food Consumption and
Reduced Food Waste in Chemical Engineering Students. Education for
Chemical Engineers, 33, 27-35.
https://doi.org/10.1016/j.ece.2020.07.003.

Finucane, M., & Less, N. (2005). Decision-Making Competence of Older Adults :
Models and Methods. Center for Health Research, 25(2), 271-288.
https://doi.org/10.1037/a0019106.

Firman, Syamsiara Nur, & Moh. Aldi SL.Taim. (2023). Analysis of Student
Collaboration Skills in Biology Learning. Diklabio: Jurnal Pendidikan
Dan Pembelajaran Biologi, 7(1), 82-89.
https://doi.org/10.33369/diklabio.7.1.82-809.

Fraj-Andrés, E., Herrando, C., Lucia-Palacios, L., & Pérez-Lopez, R. (2023).
Informative Initiatives as a Useful tool to Raise Awareness of Food
Waste. An Application to Higher Education. International Journal of
Sustainability in Higher Education, 24(4), 840-858.
https://doi.org/10.1108/1JSHE-03-2022-0103.

Francis, D. V., Dahiya, D., Gokhale, T., & Nigam, P. S. (2024). Sustainable
Packaging Materials for Fermented Probiotic Dairy or Non-Dairy Food
and Beverage Products: Challenges and Innovations. AIMS
Microbiology, 10(2), 320-339.
https://doi.org/10.3934/microbiol.2024017.

Garrecht, C., Bruckermann, T., & Harms, U. (2018). Students’ Decision-Making in
Education for Sustainability-Related Extracurricular Activities — A
Systematic Review of Empirical Studies. Sustainability, 20(3876), 1-19.
https://doi.org/10.3390/su10113876

Gathy, A. B., Soltész, A. K., & Sziics, 1. (2022). Sustainable Consumption —
Examining the Environmental and Health Awareness of Students at the
University of Debrecen Sustainable consumption — Examining the
Environmental and Health Awareness of Students at the University of
Debrecen. Cogent Business & Management, 9(1).
https://doi.org/10.1080/23311975.2022.2105572.

Gellat, H. B. (1962). Decision making: A conceptual frame of reference for
counselling. Journal of Counselling Psychology, 9(3), 240-245.



243

Gellwynn, J.,, & Wahyuningsih, D. (2017). Metadata Indikator Tujuan
Pembangunan Berkelanjutan (TPB)/ Sustainable Development Goals
(SDGSs) Indonesia Pilar Pembangunan Lingkungan. Kementerian
Perencanaan Pembangunan Nasional/ Bappenas.
https://sirusa.bps.go.id/sirusa/index.php/indikator/index.

Gericke, N., Pauw, J. B., Berglund, T., & Olsson, D. (2018). The Sustainability
Consciousness Questionnaire: The Theoretical Development and
Empirical Validation of an Evaluation Instrument for Stakeholders
Working with Sustainable Development. Sustainable Development,
27(2), 1-15. https://doi.org/10.1002/sd.1859.

Gonzélez-Garcia, S., Castanheira, E. G., Dias, A. C., & Arroja, L. (2013).
Environmental Life Cycle Assessment of a Dairy Product: The Yoghurt.
International Journal of Life Cycle Assessment, 18(4), 796-811.
https://doi.org/10.1007/s11367-012-0522-8.

Gramatik, N. V. (2020). Practically Oriented Direction of The Biotechnology
Course in The Preparation of Future Biology Teachers: Regional
Context. Revista Cientifica de La Universidad de Cienfuegos, 12(5), 45—
52. http://scielo.sld.cu/scielo.php?pid=5S2218-
36202020000500045&script=sci_abstract&ting=en.

Gres, M. R. (2023). Fermentasi Tapai Ketan Hitam (Oryza Sativa Linn Var
Glutinosa). Jurnal Multidisipliner Bharasumba, 2(3), 175-179.
https://doi.org/10.62668/bharasumba.v2i03.707.

Griffin, M., Barona, J., & Gutierrez, C. F. (2022). Strategies to Increase
Sustainability Awareness in Higher Education: Experiences from Abu
Dhabi Women’s College. International Journal of Sustainable
Development and Planning, 17(6), 1831-1838.
https://doi.org/10.18280/ijsdp.170617.

Grosso, G., Mateo, A., Rangelov, N., Buzeti, T., & Birt, C. (2020). Nutrition in the
context of the Sustainable Development Goals. European Journal of
Public Health, 30, 119-123. https://doi.org/10.1093/eurpub/ckaa034.

Guan, T., Meng, K., Liu, W., & Xue, L. (2019). Public Attitudes toward
Sustainable Development Goals: Evidence from Five Chinese Cities.
Sustainability (Switzerland), 11(20), 1-20.
https://doi.org/10.3390/su11205793.

Gunamantha, I. M. (2010). Pendidikan untuk Pembangunan Berkelanjutan:
Mengapa, Apa dan Bagaimana. Jurnal Pendidikan Dan Pengajaran,
43(3), 125. https://doi.org/10.23887/jppundiksha.v43i3.125.



244

Guo, K. L. (2008). DECIDE: A Decision-Making Model for More Effective
Decision Making by Health Care Managers. Health Care Manager,
27(2), 118-127. https://doi.org/10.1097/01.HCM.0000285046.27290.90.

Guo, P., Saab, N., Post, L. S., & Admiraal, W. (2020). A Review of Project-Based
Learning in Higher Education: Student Outcomes and Measures.
International Journal of Educational Research, 102(April), 101586.
https://doi.org/10.1016/j.ijer.2020.101586.

Habyba, A. N., Sari, I. P., Hetharia, D., & Sugiarto, D. (2022). Product Quality
Improvement Through Training on Tempeh Packaging at PRIMKOPTI
SWAKERTA Semanan. ABDIMAS: Jurnal Pengabdian Masyarakat,
4(2), 894-899. https://doi.org/10.35568/abdimas.v4i2.1466.

Hafeez, M. (2022). Challenges and Research Gap in Project-Based Learning — A
Review. International Journal of New Trends in Social Sciences, 6(1),
01-14. https://doi.org/10.18844/ijss.v6i1.5633.

Halimatusyadiyah, N., Anasya, S. W., & Pajri, A. (2022). The Effectiveness of The
Project Based Learning Model In The Independent Learning Curriculum.
Jurnal Kewarganegaraan, 6(2), 4836-4844.
https://doi.org/10.31316/jk.v6i2.4021.

Hamidah, H., Rabbani, T. A. S., Fauziah, S., Puspita, R. A., Gasalba, R. A., &
Nirwansyah. (2020). HOTS-Oriented Module: Project-Based Learning.
SEAMEO QITEP in Language.

Handayani, A., Soenarno, S. M., & Aini, Z. F. (2022). Hubungan Pengetahuan
Lingkungan Hidup Terhadap Sikap Peduli Lingkungan Siswa SMPN 20
Depok. EduBiologia: Biological Science and Education Journal, 2(1),
80. https://doi.org/10.30998/edubiologia.v2il1.11827.

Hanney, R., & Savin-Baden, M. (2013). The Problem of Projects: Understanding
the Theoretical Underpinnings of Project-led PBL. London Review of
Education, 11(1), 7-19. https://doi.org/10.1080/14748460.2012.761816.

Harasym, P. H., Tsai, T. C., & Munshi, F. M. (2013). Is Problem-Based Learning
an Ideal Format for Developing Ethical Decision Skills? Kaohsiung
Journal of Medical Sciences, 29(10), 523-529.
https://doi.org/10.1016/j.kjms.2013.05.005.

Harjadi, D., & Gunardi, A. (2022). Factors Affecting Eco-Friendly Purchase
Intention:  Subjective Norms and Ecological Consciousness as
Moderators. Cogent Business and Management, 9(1).
https://doi.org/10.1080/23311975.2022.2148334.



245

Hassan, A., Noordin, T. A., & Sulaiman, S. (2010). The Status on The Level of
Environmental Awareness in The Concept of Sustainable Development
Amongst Secondary School Students. Procedia Social and Behavioral
Sciences, 2(2), 1276-1280. https://doi.org/10.1016/j.sbspro.2010.03.187.

Hassan Majeed, B. (2021). The Skill of Making a Decision and Its Relationship of
Academic Achievement Among Students. International Journal of
Recent Contributions from Engineering, Science & IT (1JES), 9(4), 77—
89. https://doi.org/10.3991/ijes.v9i4.26363.

Hayashi, V. T., Arakaki, R., Almeida, F. V. de, & Ruggiero, W. V. (2023). The
Development of Sustainable Engineering with PjBL during the COVID-
19 Pandemic. International Journal of Environmental Research and
Public Health, 20(5), 4400. https://doi.org/10.3390/ijerph20054400.

Helwa, S. H., & Helwa, S. S. (2018). Online Project-Based Instruction in English
Language Learning: Theory and Practice. Journal of Research in
Curriculum, Instruction and Educational Technology, 4(1), 23-24.
https://doi.org/10.21608/JRCIET.2018.24492.

Herawati, D., & Istiana, R. (2021). Socioscientific Issues-Based Textbook on The
Topic of Sustainable Development Goals to Develop Prospective
Teachers’ 21st Century Thinking Skills. Jurnal Pendidikan Sains
Indonesia, 9(2), 256-265. https://doi.org/10.24815/jpsi.v9i2.18648.

Hidayah, N., & Basirun, B. (2021). Pengaruh Jenis Kemasan Terhadap Sifat
Organoleptik Tape Singkong. Nutriology: Jurnal Pangan, Gizi,
Kesehatan, 2(1), 101-105.
https://doi.org/10.30812/nutriology.v2i1.1244.

Hidayah, N., Puspa Arum, A., & Apriyansa, A. (2021). Project-Based Learning
(PjBL): Advantages, Disadvantages, and Solutions to Vocational
Education (in Pandemic Era). Proceedings of the 3rd International
Conference on Law, Social Sciences, and Education, ICLSSE.
https://doi.org/10.4108/eai.9-9-2021.2313669.

Hidayat, B., Hasanudin, U., Muslihudin, M., Akmal, S., Nurdjanah, S., & Yuliana,
N. (2020). Growth Kinetics of Saccharomyces Cerevisiae and Tape Yeast
on The Cassava Pulp Fermentation. Journal of Physics: Conference
Series, 1500(1), 1-7. https://doi.org/10.1088/1742-6596/1500/1/012058.

Hiranmai, R. Y., Ajay, N., & Vats, P. (2023). Improvement of soil health and crop
production through utilization of organic wastes: A sustainable approach.
International Journal of Recycling Organic Waste in Agriculture, 13(1),
1-15. https://doi.org/10.57647/j.ijrowa.2024.1301.01.



246

Hsiao, C., & Malak, R. (2015). Modeling Information Gathering Decisions in
Systems Engineering Projects. International Design Engineering
Technical Conferences and Computers and Information in Engineering
Conference. https://doi.org/10.1115/DETC2014-34854.

Hugerat, M. (2016). How Teaching Science Using Project-Based Learning
Strategies Affects The Classroom learning environment. Learning
Environments Research, 19(3), 383-395. https://doi.org/10.1007/s10984-
016-9212-y.

Hussein, B. (2021). Addressing Collaboration Challenges in Project-Based
Learning: The Student’s Perspective. Education Sciences, 11(8), 434.
https://doi.org/10.3390/educsci11080434.

Ismail, M. A., & Midin, M. (2021). Shared Decision-Making and Role Preference
Among Patients With Schizophrenia in Malaysia: A Cross-Sectional
Study. Frontiers in Psychiatry, 12(July), 1-14.
https://doi.org/10.3389/fpsyt.2021.680800.

Issa, H. B., & Khataibeh, A. (2021). The Effect of Using Project Based Learning on
Improving the Critical Thinking among Upper Basic Students from
Teachers’ Perspectives. Pegem Journal of Education and Instruction,
11(2), 52-57. https://doi.org/10.14527/pegegog.2021.00.

Jaaskd, E., Aaltonen, K., & Jaakko, K. (2021). Game-Based Learning in Project
Sustainability Management Education. Sustainability, 13(15), 1-22.
https://doi.org/10.3390/ su13158204.

Jacob-john, J., D’Souza, C., Marjoribanks, T., & Singaraju, S. (2021). Synergistic
Interactions of SDGs in Food Supply Chains : A Review of Responsible
Consumption and  Production.  Sustainability, 13(16), 1-20.
https://doi.org/10.3390/su13168809.

Jamal, J., Najiha, I., Saputri, S. N., Hasbiyallah, H., & Tarsono, T. (2023).
Menumbuhkan Sikap Sosial melalui Pembelajaran Project Based
Learning pada Pendidikan Agama Islam. JIIP - Jurnal llmiah limu
PendidikanJurnal llmiah Ilmu Pendidikan, 6(10), 7834-7841.
https://doi.org/10.54371/}iip.v6i10.2489.

Jansen, P., Rahe, M., & Wolff, F. (2024). How Does Mindfulness Relate to
Sustainable Attitude and Behavior? The Role of Possible Mediators.
Current Psychology, 43(22), 19708-19720.
https://doi.org/10.1007/s12144-024-05741-y.

Jaouhari, Y., Travaglia, F., Giovannelli, L., Picco, A., Oz, E., ... Bordiga, M.



247

(2023). From Industrial Food Waste to Bioactive Ingredients : A Review.
Foods, 2183(12), 23. https://doi.org/10.3390/foods12112183.

Jarjoura, C., Tayeh, P. A., & K.Zgheib, N. (2014). Using Team-Based Learning to
Teach Grade 7 Biology : Student satisfaction and improved performance.
Journal of Biological Education, 49(4), 401-419.
https://doi.org/10.1080/00219266.2014.967277.

Javan, K. (2022). Investigating Awareness, Attitudes, and Behaviors of Geography
Student’s toward Sustainable Development. Quarterly Journal of
Environmental Education and Sustainable Development, 10(4), 85-96.
https://doi.org/10.30473/EE.2022.62447.2465.

Jensen, B. B. (2010). Knowledge, Action and Pro-Environmental Behaviour.
Environmental Education Research, 8(3), 325-334.
https://doi.org/10.1080/13504620220145474.

Juniar, D. T., Suherman, A., Tarigan, B., & Mahendra, A. (2023). Effects of
Project-Based Learning Model and Cooperative Learning Model in
Improving Student Social Skills in Physical Education. Jurnal
Pendidikan Jasmani Dan Olahraga, 8(1), 49-57.
https://doi.org/10.17509/jpjo.v8i1.56156.

Kamalam. (2017). Transforming Our World : The 2030 Agenda for Sustainable
Development. Pondicherry Journal of Nursing, 10(2), 42-49.
https://www.jaypeedigital.com/doi/PJN/pdf/10.5005/pjn-11-2-42.

Karjiyati, V., & Agustdianita, N. (2017). Pengembangan Model Project Based
Learning dalam Pembelajaran Tematik Menggunakan Pendekatan
Saintifik untuk Mengembangkan Sikap Peduli Lingkungan dan
Kreativitas Bagi Siswa SD. Jurnal Ilmiah Pendidikan Guru Sekolah
Dasar, 10(2), 121-127. https://doi.org/10.33369/pgsd.10.2.121-127.

Karlund, A., Gémez-Gallego, C., Korhonen, J., Palo-oja, O.-M., Hani, E., &
Kolehmainen, M. (2020). Harnessing Microbes for Sustainable
Development: Food Fermentation as A Tool for Improving The
Nutritional Quality of Alternative Protein Sources. Nutrients MDPI,
12(4), 1020. https://doi.org/10.3390/nu12041020.

Kasman, P. S. P., & Ali, H. (2022). Literature Review Factors Affecting Decision
Making and Career Planning: Environment, Experience and SKill.
Dinasti International Journal of Digital Business Management, 3(2),
219-231. https://doi.org/10.31933/dijdbm.v3i2.

Khasanah, M., Purwianingsih, W., & Suprianto, B. (2023). Development and
Validation of E-Books Based on Socio-Scientific Issues to Improve The



248

Argumentation Skills of High School Students. Jurnal Kependidikan:
Jurnal Hasil Penelitian Dan Kajian Kepustakaan Di Bidang Pendidikan,
Pengajaran Dan Pembelajaran, 9(2), 497-510.
https://doi.org/10.33394/jk.v9i2.7310.

Khoirunnisa, R., Putranto, W., & Nurwati, I. (2023). Effect of Black Glutinous
Tape Beverage on Malondialdehyde in Metabolic Syndrome Rats. Jurnal
Media Penelitian Dan Pengembangan Kesehatan, 33(4), 147-155.

Kiebooms, J. A. L., Huybrechts, B., Thiry, C., Tangni, E. K., & Callebaut, A.
(2016). A Quantitative UHPLC-MS/MS Method for Citrinin and
Ochratoxin A Detection in Food, Feed and Red Yeast Rice Food
Supplem. World Mycotoxin Journal, 9(3), 343-352.
https://doi.org/10.3920/WMJ2015.1971.

Kim, K., Choe, D., Lee, D.-H., & Cho, B.-K. (2020). Engineering Biology to
Construct Microbial Chassis for the Production of Difficult-to-Express
Proteins. International Journal of Molecular Sciences, 21(3), 990.
https://doi.org/10.3390%2Fijms21030990.

Kurnia, N. D., Chandra, A. F., & Tarigan, D. E. (2020). Pengembangan Instrumen
Sustainability Awareness dalam Materi Alat-Alat Optik pada Siswa
Sekolah Menengah Atas. Wahana Pendidikan Fisika, 5(2), 16-23.

Kurniasari, N. D. R., Sigit, D. V., & Komala, R. (2020). Correlation Between Local
Wisdom Knowledge with Ecoliteracy and Green Behavior of Students of
Adiwiyata School , Bandung , West Java. International Journal of
Multicultural and Multireligious Understanding, 7(4), 411-416.
https://doi.org/10.18415/ijmmu.v7i4.1627.

Kusuma, G. P. A. W., Nocianitri, K. A., & Pratiw, I. D. P. K. (2020). Pengaruh
Lama Fermentasi Terhadap Karakteristik Fermented Rice Drink Sebagali
Minuman Probiotik Dengan Isolat Lactobacillus sp. F213. Jurnal limu
Dan Teknologi Pangan (ITEPA), 9(2), 181.
https://doi.org/10.24843/itepa.2020.v09.i02.p08.

Laksmiwati, H., Rusijono, R., Mariono, A., & Arianto, F. (2022). The Influence of
Collaborative Learning on Social Skills in Higher Education.
International Journal of Multidisciplinary Research and Analysis,
05(11), 2997-3000. https://doi.org/10.47191/ijmra/v5-i11-05.

Larmer, J., Mergendoller, J., & Boss, S. (2015). Setting The Standard for Project
Based Learning. Alexandria: ASCD.

Lipursari, A. (2015). Peran Informasi Manajemen (SIM) dalam Pengambilan
Keputusan. Peran Sistem Informasi Manajemen, 5(1), 1-9.



249

http://repository.ut.ac.id/4069/1/PKOP4422-M1.pdf.

Lleixa, J., Manzano, M., Mas, A., & Portillo, M. del C. (2016). Saccharomyces and
Non-Saccharomyces Competition during Microvinification under
Different Sugar and Nitrogen Conditions. Frontiers in Microbiology, 7,
1-10. https://doi.org/10.3389/fmich.2016.01959.

Lozano, A., Lépez, R., Pereira, F. J.,, & Blanco Fontao, C. (2022). Impact of
Cooperative Learning and Project-Based Learning through Emotional
Intelligence: A Comparison of Methodologies for Implementing SDGs.
International Journal of Environmental Research and Public Health,
19(24), 16977. https://doi.org/10.3390/ijerph192416977.

Maharani, W. P. (2022). Model Project Based Learning untuk Melatih Sikap Peduli
Lingkungan. Ibtidaiyyah: Jurnal Pendidikan Guru Madrasah Ibtidaiyah,
1(2), 109-122. https://doi.org/10.18860/ijpgmi.v1i2.1798.

Mahat, H., Hashim, M., Saleh, Y., Nayan, N., Suhaili, S., & Norkhaidi, S. B.
(2020). The Integration Of Attitude And Behavior In Environmental
Sustainability Awareness Among Young Malaysians. International
Journal of Advanced Science and Technology, 29(12s), 32-42.

Mahendra, I. W. E. (2017). Project Based Learning Bermuatan Ernomatematika
dalam Pembelajaran Matematika. Jurnal Pendidikan Indonesia, 6(1),
106-114.

Maitresya, L. B., & Surya, R. (2023). Development of Tempeh Made from
Soybeans, Black-Eyed Beans, and Winged Beans. I0OP Conference
Series: Earth and Environmental Science, 1200(1), 012008.
https://doi.org/10.1088/1755-1315/1200/1/012008.

Malik, M. N., Khan, H. H., Chofreh, A. G., Goni, F. A., Klemes, J. J., & Alotaibi,
Y. (2019). Investigating Students ’ Sustainability Awareness and the
Curriculum of Technology Education in Pakistan. Sustainability, 11(9),
1-18. https://doi.org/10.3390/su11092651.

Marcos-Merino, J. M., Corbacho-Cuello, I., & Hernandez-Barco, M. (2020).
Analysis of Sustainability Knowingness , Attitudes and Behavior of a
Spanish Pre-Service Primary Teachers Sample. Sutainability (, 12(8),
7445. https://doi.org/doi:10.3390/su12187445.

Mardhiyah, R. H., Aldriani, S. N. F., Chitta, F., & Zulfikar, M. R. (2021).
Pentingnya Keterampilan Belajar di Abad 21 sebagai Tuntutan dalam
Pengembangan Sumber Daya Manusia. Lectura: Jurnal Pendidikan,
12(1), 29-40. https://doi.org/10.31849/lectura.v12i1.5813.



250

Markula, A., & Aksela, M. (2022). The Key Characteristics of Project-Based
Learning: How Teachers Implement Projects in K-12 Science Education.
Disciplinary and Interdisciplinary Science Education Research, 4(1).
https://doi.org/10.1186/543031-021-00042-X.

Masdiana, R., Kusnadi, K., & Munandar, A. (2020). Project-Based Learning to
Enhance Students” Awareness Towards The Environment Project- Based
Learning to Enhance Students’ Awareness Towards The Environment.
Journal of Physics: International Conference on Mathematics and
Science  Education 2019 (ICMScE  2019), 1521, 0-4.
https://doi.org/10.1088/1742-6596/1521/4/042005.

Mensah, J. (2019). Sustainable Development: Meaning, History, Principles, Pillars,
and Implications for Human Action: Literature Review. Cogent Social
Sciences, 5(1). https://doi.org/10.1080/23311886.2019.1653531.

Mesa, J. A., Ruiz-Pastor, L., & Esparragoza, I. E. (2022). Development of the
Consumption Journey Tool to Improve Awareness and Critical Thinking
on Sustainability in Engineering Students. IEEE Frontiers in Education
Conference (FIE). https://doi.org/10.1109/FIE56618.2022.9962562.

Michael, F. L., Sumilan, H., Bandar, N. F. A., Hamidi, H. A. N. A., Jonathan, V., &
Nor, N. N. M. (2020). Sustainable Development Concept Awareness
Among Students in Higher Education: A Preliminary Study. Journal of
Sustainability ~ Science and  Management, 15(7), 113-122.
https://doi.org/10.46754/jssm.2020.10.011.

Mihajlovi¢, S., & DPordevié, N. (2022). Sustainable Development and Natural
Resources Exploitation: Brief Review. Podzemni Radovi, 40, 45-51.
https://doi.org/10.5937/podrad2240045m.

Mincemoyer, C. C., & Perkins, D. F. (2003). Assessing Decision Making Skills of
Youth. The Forum for Family and Consumer, 1(8).

Miranto, S. (2017). Integrasi Konsep-Konsep Pendidikan Lingkungan Hidup dalam
Pembelajaran di Sekolah. Edusains, 9(1), 81-88.
https://doi.org/10.15408/es.v9i1.5364.

Mobley, C., Vagias, W. M., & DeWard, S. L. (2010). Exploring Additional
Determinants of Environmentally Responsible Behavior: The Influence
of Environmental Literature and Environmental Attitudes. Environment
and Behavior, 42(4), 420-447.
https://doi.org/10.1177/0013916508325002.

Moh, L. G., Keilah, L. P., Etienne, P. T., & Jules-Roger, K. (2017). Seasonal
Microbial Conditions of Locally Made Yoghurt (Shalom) Marketed in



251

Some Regions of Cameroon. International Journal of Food Science,
2017. https://doi.org/10.1155/2017/5839278.

Mones, A. Y., Aristiawan, Muhtar, & Irawati, D. (2023). Project Based Learning
(PjBL) Perspektif Progresivisme dan Konstruktivisme. Prosiding
Seminar Nasional “Peran Teknologi Pendidikan Menuju Pembelajaran
Masa  Depan:  Tanatngan  Dan  Peluang,”  1(1), 1-11.
https://if.binadarma.ac.id/document/1667374163 Panduan_Pelaksanaan
Mata Kuliah Project.pdf.

Moore, J. B., Horti, A., & Fielding, B. A. (2018). Evaluation of The Nutrient
Content of Yogurts: A Comprehensive Survey of Yogurt Products in The
Major UK Supermarkets. BMJ Open, 8(8), 1-11.
https://doi.org/10.1136/bmjopen-2017-021387.

Morales-bafios, V., Borrego-balsalobre, F. J., Arturo, D., & Lo6pez-GullonORCID,
J. M. (2023). Levels of Sustainability Awareness in Spanish University
Students of Nautical Activities as Future Managers of Sports and Active
Tourism Programmes. Sustainability, 15(3), 2733.
https://doi.org/10.3390/su15032733.

Morris, S. B. (2007). Estimating Effect Sizes From Pretest-Posttest-Control Group
Designs.  Organizational Research  Methods 2008, 11(364).
https://doi.org/10.1177/1094428106291059.

Mukembo, S. C., Edwards, M. C., & Robinson, J. S. (2020). Comparative Analysis
of Students’ Perceived Agripreneurship Competencies and Likelihood to
Become Agripreneurs Depending on Learning Approach: A Report from
Uganda. Journal of Agricultural Education, 61(2), 93-114.
https://doi.org/10.5032/jae.2020.02093.

Mulya, G. (2023). The Effectiveness of Project Based Learning in Improving
Student Learning Results and Motivation in Physical Education
Learning. Indonesian Journal of Sport Management, 3(2), 273-279.
https://doi.org/10.31949/ijsm.v3i2.7193.

Munawir. (2020). Modul Pembelajaran SMA Biologi. Direktorat SMA, Direktorat
Jenderal PAUD, DIKDAS dan DIKMEN.

Munir, N. F., & Ashari, N. (2023). Effect of Variation in Packaging and
Fermentation Duration on Quality Characteristics of Tempeh base
Sorghum (Sorghum bicolor L . Moench). Jurnal Penelitian Pertanian
Terapan, 1(2), 68-75. 10.61119/prp.v1i2.460.

Mufoz-Redondo, J. M., Cuevas, F. J., Leon, J. M., Ramirez, P., Moreno-Rojas, J.
M., & Ruiz-Moreno, M. J. (2017). Quantitative Profiling of Ester



252

Compounds Using HS-SPME-GC-MS and Chemometrics for Assessing
Volatile Markers of The Second Fermentation in Bottle. Journal of
Agricultural and Food Chemistry, 65(13), 2768-2775.
https://doi.org/10.1021/acs.jafc.6b05265.

Murniarti, E. (2016). Penerapan Metode Project Based Learning dalam
Pembelajaran. Universitas Kristen Indonesia, 369—-380.

Mursid, R., Saragih, A. H., & Hartono, R. (2022). The Effect of Blanded Project-
based Learning Model and Creative Thinking Ability on Engineering
Students Learning Outcomes. International Journal of Education in
Mathematics, Science and Technology, 10(2).
https://doi.org/10.46328/ijemst.2244.

Musa, F., Mufti, N., Latiff, R. A., & Amin, M. M. (2012). Project-Based Learning (
PjBL ): Inculcating Soft Skills in 21 Century Workplace. Procedia Social
and Behavioral Sciences, 59(2006), 565-573.
https://doi.org/10.1016/j.sbspro.2012.09.315.

Nasir, P. E., & Dermawan, R. (2022). Problem Identification and Solution Design:
Project Based Learning Approach in Improving Students Active
Participation and Confidence in English Class. Proceedings of the 4th
International Conference on Educational Development and Quality
Assurance (ICED-QA 2021), 650, 304-311.
https://doi.org/10.2991/assehr.k.220303.055.

Nasution, N. A. S., Pratiwi, S. W., & Hakim, M. L. (2024). Green Supply Chain
Implementation on Tempeh Industry in North Jakarta. Dinasti
International Journal of Digital Business and Management (DIJDBM),
5(2), 391-399. https://doi.org/10.31933/dijdbm.v5i2.

Neirotti, R. A. (2021). The Importance of Asking Questions and Doing Things for
A Reason. Brazilian Journal of Cardiovascular Surgery, 36(1), 1-2.
https://doi.org/10.21470/1678-9741-2021-0950.

Nihayah, H., Fathoni, M. I. A., Taufig, M., & Saidah, S. (2022). Pemulihan
Ekonomi Melalui Inovasi Olahan Tape Ketan dan Pemasarannya Pada
Masyarakat Molyorejo di Era New Normal. Nuansa Akademik: Jurnal
Pembangunan Masyarakat, 7(1), 115-126.
https://doi.org/10.47200/jnajpm.v7i1.1163.

Noramdzan, M., Yusof, M., Hatib, A., & Ismail, N. S. (2015). Implementation of
Project-Based Learning (PjBL) at a Malaysian Polytechnic- a
Preliminary Study. Proceedings of INTCESS15- 2nd International
Conference on Education and Social Sciences 548, 548.



253

Novak, A. M., & Krajcik, J. S. (2019). A Case Study of Project-Based Learning of
Middle School Students Exploring Water Quality. In The Wiley
handbook of problem-based learning (pp. 551-572).
https://doi.org/10.1002/9781119173243.ch24.

Novelina, Nazir, N., Fiana, R. M., & Putra, D. P. (2019). Characteristics of Black
Glutinous Rice Vinegar as Traditionally Fermented Product of Yeast
Tapai and Acetobacter Aceti. IOP Conference Series: Earth and
Environmental Science, 347(1). https://doi.org/10.1088/1755-
1315/347/1/012049.

Novitasari, Wiyanarti, E., & Jupri. (2018). The Implementation of Project Based
Learning To Improve Students Responsibility in Social Studies Learning.
International Journal Pedagogy of Social Studies, 3(2), 19-32.
https://doi.org/10.17509/ijposs.v3i2.14468.

Nurazizah, W. E., & Rochintaniawati, D. (2023). Analisis Persepsi Guru Dan Siswa
Dalam Pembelajaran Biologi Pada Penerapan Kurikulum Merdeka.
International Multidisciplinary Research in Academic Science (IMRAS),
6(6), 1-23.

Nurhasanah, S. (2019). Statistika Pendidikan: Teori, Aplikasi, dan Kasus. Salemba
Humanika.

Nurlaelah, 1., Setiawati, I., Handayani, Prianto, A., Alifah, N., & Andini. (2023).
Pelatihan Pembuatan Pupuk Organik (Bokashi) Berbasis Teknologi
Fermentasi Memanfaatkan Mikroorganisme Efektif Pada Masyarakat
Petani di Desa Kananga Kecamatan Cimahi Kabupaten Kuningan. Jurnal
Pengabdian Masyarakat Indonesia, 3(2), 199-204.
https://doi.org/10.52436/1.jpmi.949.

Olsson, D., & Gericke, N. (2016). The Adolescent Dip in Students’ Sustainability
Consciousness - Implications for Education for Sustainable
Development. Journal of Environmental Education, 47(1), 35-51.
https://doi.org/10.1080/00958964.2015.1075464.

Olsson, D., Gericke, N., Boeve-de Pauw, J., Berglund, T., & Chang, T. (2019).
Green Schools in Taiwan — Effects on Student Sustainability
Consciousness. Global Environmental Change, 54(March 2018), 184-
194. https://doi.org/10.1016/j.gloenvcha.2018.11.011.

Oztiirk, H. (2023). The Industrial Size, Nutritional Value and Health Benefits of
Sesame. In Sustainable Strategies in Organic Agriculture and Food
Processing (pp. 37-54). Iksad Publishing House.
https://doi.org/10.1016/c2019-0-05518-5.



254

Padmadewi, N. N., Artini, L. P., Ratminingsih, N. M., Suhardiana, I. P. A,
Zamzam, A., & Juniarta, P. A. K. (2023). Designing Project-Based
Learning in Research Proposal Writing: Its Effect, Problems, and
Scaffolding Utilized. Studies in English Language and Education, 10(2),
841-862. https://doi.org/10.24815/siele.v10i2.27408.

Pandowo, M. H. C., Tewal, B., Lengkong, V. P. K., & Wenas, R. S. (2021).
Sustainable Behaviour in Higher Education: Antecedents and
Consequences. Journal of Sustainability Science and Management,
16(7), 80-92. https://doi.org/10.46754/jssm.2021.10.007

Papagianni, M. (2017). Microbial Bioprocesses. In Current Developments in
Biotechnology and Bioengineering. Elsevier B.V.
https://doi.org/10.1016/B978-0-444-63663-8.00003-3.

Pathak, S., & Srivastava, K. B. L. (2020). Effect of Emotion in Information
Processing for Decision-Making. In Emotion and Information Processing
(pp. 1-14). Springer. https://doi.org/10.1007/978-3-030-48849-9 1.

Pérez-Sanchez, M., Diaz-Madrofiero, M., Mula, J., & Sanchis, R. (2020). The
Sustainable Development Goals (SDGs) Applied To Higher Education. A
Project-Based Learning Proposal Integrated with The SDGs in Bachelor
Degrees At the Campus Alcoy (UPV). Proceedings of EDULEARN20
Conference, 1(July), 3997-4005.
https://doi.org/10.21125/edulearn.2020.1078.

Pérez-Sanchez, M., & Sanchis, R. (2021). Sustainable Development Goals
Integrated in Project-Based Learning in the Mechanical Engineering
Degree. INTED2021 Proceedings, 1(March), 7480-7487.
https://doi.org/10.21125/inted.2021.1502.

Perrault, E. K., & Albert, C. A. (2018). Utilizing Project-Based Learning to
Increase  Sustainability — Attitudes Among  Students.  Applied
Environmental Education & Communication, 17(2), 96-105.
https://doi.org/10.1080/1533015X.2017.1366882.

Pinho, M., & Gomes, S. (2023). What Role Does Sustainable Behavior and
Environmental Awareness from Civil Society Play in The Planet’s
Sustainable Transition. Resources, 12(3), 42.
https://doi.org/10.3390/resources12030042.

Pradhan, P. (2017). A Systematic Study of Sustainable Development Goal (SDG)
Interactions. Earth’s Future, 5(11), 1169-1179.
https://doi.org/10.1002/2017EF000632.

Pradhan, P., Costa, L., Rybski, D., Lucht, W., & P.Kropp, J. (2017). A Systematic



255

Study of Sustainable Development Goal ( SDG ) Interactions. Earth’s
Future. https://doi.org/10.1002/2017EF000632.

Pramashinta, A., Riska, L., Hadiyanto, & Pramashinta, A., L. Riska, H. (2014).
Bioteknologi Pangan: Sejarah, Manfaat, dan Potensi Resiko. Jurnal
Aplikasi Teknologi Pangan, 3(1), 1-6.
http://jurnal.unmuhjember.ac.id/index.php/BIOMA/article/view/821.

PT Ganesha Pratama Consultant. (2021). Laporan Akhir Naskah Akademik
Rancangan Peraturan Daerah Kabupaten Bandung Barat Tentang
Konservasi Lahan Pertanian. Ganesha Pratama Consultant (GAMA).

Purwani, E., Zahara, A. R., & Wirawati, I. (2021). Sifat Fisiko-Kimia Yoghurt
Tepung Suweg (Amorphophallus Campanulatus) Selama Penyimpanan
Suhu 12-130C. Proceeding University Research Collogium, 128-135.

Purwanti, A., Dyan Wigati, Lindawati Setyaningrum, & Wima Anggitasari. (2022).
Pengenalan Produk Fermentasi Dan Pelatihan Pembuatan Yoghurt Di
SMKS Shofa Marwah Jember. Jurnal Pengabdian Kepada Masyarakat,
2(2), 4167-4176. https://doi.org/10.53625/jabdi.v2i2.2460.

Purwianingsih, W., Lestari, D. A., & Rahman, T. (2023). Profile of Communication
Skills of Students in Groups with the Application of Blended Learning
using Project-Based Learning. Indonesian Journal of Multidisciplinary
Research, 3(1), 159-168. https://doi.org/10.17509/ijomr.v3i1.55524.

Purwianingsih, W., Novidsa, I., & Riandi, R. (2022). Program for Integrating
Education for Sustainable Development (Esd) Into Prospective Biology
Teachers’ Technological Pedagogical Content Knowledge (TPACK).
Jurnal Pendidikan IPA Indonesia, 11(2), 219-228.
https://doi.org/10.15294/jpii.v11i2.34772.

Purwianingsih, W., Rustaman, N. Y., & Redjeki, S. (2009). Identifikasi Kesulitan
Pembelajaran Bioteknologi pada Guru SLTA se Jawa Barat. Seminar
Nasional, 15-16.
https://scholar.google.co.id/citations?view_op=view_citation&hl=en&us
er=2Xv-x_MAAAAJ&citation_for_view=2Xv-
x_MAAAAJ:.uSHHmVD_uO8C.

Purwianingsih, W., Rustaman, N. Y., & Redjeki, S. (2010). Kemampuan
Mengkonstruksi Peta Konsep dan Pengaruhnya terhadap Penguasaan
Konsep Bioteknologi. Jurnal Pendidikan Matematika Dan Sains, 1(10).
https://doi.org/10.21831/jpms.v15i1.12199.

Rad, A. H., Javadi, M., Kafil, H. S., Pirouzian, H. R., & Khaleghi, M. (2019). The
Safety Perspective of Probiotic and Non-Probiotic Yoghurts: A Review.



256

Food Quality and Safety, 3(1), 9-14.
https://doi.org/10.1093/fgsafe/fyz006.

Rahayu, I. K., Sanjaya, Y., & Solihat, R. (2021). Integration of SDGs in
Environmental Education Subjects of Adiwiyata Vocational High
School. Journal of Physics: Conference Series, 1806(1), 1-5.
https://doi.org/10.1088/1742-6596/1806/1/012167.

Rahmania, 1. (2021). Project Based Learning (PjBL) Learning Model with STEM
Approach in Natural Science Learning for the 21st Century. Budapest
International Research and Critics Institute (BIRCI-Journal):
Humanities and Social Sciences, 4(1), 1161-1167.
https://doi.org/10.33258/birci.v4il.1727.

Rajic, S., Pordevi¢, V., Tomasevic, 1., & Djekic, 1. (2022). The Role of Food
Systems in Achieving The Sustainable Development Goals:
Environmental Perspective. Business Strategy and the Environment,
31(3), 988-1001. https://doi.org/10.1002/bse.2930.

Ramlah, Nappu, S., & AM, A. (2023). The Analysis of The Project-Based Learning
Model Used by The English Teacher of Junior. Journal of Language
Teaching and Learning Linguistics and Literature, 11(2), 1252-1265.
https://doi.org/10.24256/ideas.v11i2.4348.

Rasmussen, K., Langdalen, H., Sollid, S. J. M., Abrahamsen, E. B., Sgrskar, L. I.
K., ... Abrahamsen, H. B. (2019). Training and Assessment of Non-
Technical Skills in Norwegian Helicopter Emergency Services: A Cross-
Sectional and Longitudinal Study. Scandinavian Journal of Trauma,
Resuscitation and Emergency Medicine, 27(1), 1-10.
https://doi.org/10.1186/s13049-018-0583-1.

Reksoatmodjo, T. N. (2007). Statistika-Untuk Psikologi dan Pendidikan. PT Refika
Aditama.

Rigopoulos, T., & Papakitsos, E. C. (2019). A Concise Historical Survey of
Decision-Making Theories in Educational Context. International Journal
of  Multidiciplinary  Research and  Analysis, 2(3), 70-78.
https://doi.org/10.17605/0OSF.I0/QZK84.

Rimawi, O., & ALMasri, H. (2021). Relationship Between Cognitive Distortions
and Decision-Making Skills Among AI-Quds University Students.
Humanities &  Social  Sciences  Reviews, 9(1), 57-68.
https://doi.org/10.18510/hssr.2021.916.

Roca-mesa, H., Sendra, S., Mas, A., Beltran, G., & Torija, M. J. (2020). Nitrogen
Preferences during Alcoholic Fermentation of Different Non-



257

Saccharomyces Yeasts of Oenological Interest. Microorganisms, 8(2),
157. https://doi.org/10.3390/microorganisms8020157.

Rozi, F., Elisabeth, D. A. A., Krisdiana, R., Adri, A., Yardaha, Y., & Rina, Y.
(2022). Prospects of Cassava Development in Indonesia in Supporting
Global Food Availability in Future. IntechOpen, 11(tourism), 13.
https://www.intechopen.com/books/advanced-biometric-
technologies/liveness-detection-in-biometrics.

Rubiyanto, R., Vilaningrum W, M. A. D., Yulita, I. K., Ernawati, M. T., & Rahayu,
T. (2024). Sustainable Knowledge, Awareness, Attitude And Intention
For Gen-Z Sustainable Consumption. Ekombis Review: Jurnal Ilmiah
Ekonomi Dan Bisnis, 12(1), 517-526.
https://doi.org/10.37676/ekombis.v12i1.5052.

Ruslindawati, R., Fauziah, A., Venita, F., Suryanti, D., & Vilmala, B. K. (2022).
Sustainability Awareness Profile of Junior High School Student in Riau
Province. AIP Conference Proceedings, 2600(1).
https://doi.org/10.1063/5.0117716.

Rusmini, Suyono, & Agustini, R. (2021). Analysis of Science Process Skills of
Chemical Education Students Through Self-Project Based Learning
(SjBL) in The Covid-19 Pandemic Era. Journal of Technology and
Science Education, 11(2), 371-387. https://doi.org/10.3926/jotse.1288.

Saepudin, A. (2020). Project Based Learning Implementation to student’s Scientific
Attitude and Creativity Improvement. Jurnal Mangifera Edu, 5(1), 55—
63. https://doi.org/10.31943/mangiferaedu.v5il.89.

Salman, S., Sinaga, K., Indriana, M., & Maharani, S. (2022). Pengaruh Fermentasi
Tepung Kulit Kopi oleh Aspergillus niger dengan Penambahan Dua
Variasi Konsentrasi Urea dan Amonium Sulfat Menggunakan Dua
Teknik Fermentasi Terhadap Serat Kasar. Journal of Pharmaceutical
And  Sciences, 5(2), 156-169. https://doi.org/10.36490/journal-
jps.com.v5i2.111.

Sameth, L., & Lessy, D. (2022). Students Critical Thinking Skills Through Project-
Based Learning Models In Solving Pythagoras. Indo-MathEdu
Intellectuals Journal, 3(1), 51-66. https://doi.org/10.54373/imeij.v3i1.35.

Sammalisto, K., Sundstrém, A., Von Haartman, R., Holm, T., & Yao, Z. (2016).
Learning about Sustainability-What Influences Students’ Self-Perceived
Sustainability Actions After Undergraduate Education? Sustainability
(Switzerland), 8(6), 510. https://doi.org/10.3390/su8060510.

Sari, W. J., Asben, A., & Novelina. (2023). Characteristics of Vinegar from Black



258

Sticky Rice Tapai with Different Cooking Methods. Asian Journal of
Applied Research for Community Development and Empowerment, 7(2),
176-182. https://doi.org/10.29165/ajarcde.v7i2.300.

Sarisan-Tungag, A., Yaman, S., & Bal-Incebacak, B. (2020). Comparison of
Decision Making Skills and Self-Efficacy Perception Levels in
Adolescents in Terms of Gender and Grade Variables. Participatory
Educational Research, 7(2), 151-163.
https://doi.org/10.17275/PER.20.25.7.2.

Schaefer, A., & Crane, A. (2005). Addressing Sustainability and Consumption.
Journal of Macromarketing, 25(1), 76-92.
https://doi.org/10.1177/0276146705274987.

Schiebener, J., Wegmann, E., Gathmann, B., Laier, C., Pawlikowski, M., & Brand,
M. (2014). Among Three Different Executive Functions , General
Executive Control Ability is A Key Predictor of Decision Making Under
Objective  Risk.  Frontiers in  Psychology, 5(105), 1386.
https://doi.org/10.3389/fpsyg.2014.01386.

Scibiorek, Z., & Borucka, A. (2022). Information in The Decision-Making Process.
Military Logistics Systems, 56(1), 147-160.
https://doi.org/10.37055/slw/155072.

Septiani, V. D., Haryani, S., & Isdaryanti, B. (2023). Science Learning with The
Project Based Learning (PjBL) Model Assisted by Canva on The
Learning Independence of Fifth Grade Students. International Journal of
Research and Review, 10(6), 489-495.
https://doi.org/10.52403/ijrr.20230661.

Setiawan, H., Kusnadi, K., Koosbandiah, H., & Riandi, R. (2023)a. Gender
Differences and The Correlation of Environmental Knowledge with
Sustainability Awareness After ESD-PjBL Implementation. Jurnal
Pendidikan Biologi Indonesia, 9(3), 371-386.

Setiawan, H., Surtikanti, H. K., Kusnadi, & Riandi. (2023)b. Sustainability
Awareness, Engagement, and Perception of Indonesian High School
Students during Sustainability Project Based Learning Implementation in
Biology Education. Jurnal Penelitian Pendidikan IPA, 9(6), 4227-4236.
https://doi.org/10.29303/jppipa.v9i6.3971.

Setioningtyas, W. P., lllés, C. B., Dunay, A., Hadi, A., & Wibowo, T. S. (2022).
Environmental Economics and the SDGs: A Review of Their
Relationships and Barriers. Sustainability (Switzerland), 14(12), 1-24.
https://doi.org/10.3390/su14127513.



259

Sever, I., & Ersoy, A. (2019). Investigation of Decision-Making Skills of Fourth
Grade Students According to Student and Teacher Opinions. 12(2), 167—
182. https://doi.org/10.26822/iejee.2019257664.

Shayan, N. F., Mohabbati-Kalejahi, N., Alavi, S., & Zahed, M. A. (2022).
Sustainable Development Goals (SDGs) as a Framework for Corporate
Social Responsibility (CSR). Sustainability (Switzerland), 14(3), 1-27.
https://doi.org/10.3390/su14031222.

Sihombing, R. A., Rahman, T., & Karimi, A. (2024). Literature Study of The E-
book based on Education for Sustainable Development (ESD) as The
Main Solution to Improving Sustainability Awareness. Integrative
Science Education and Teaching Activity Journal, 5(1), 108-120.
https://doi.org/10.21154/insecta.v5i1.8616.

Sikié-Pogacar, M., Turk, D. M., & Fijan, S. (2022). Knowledge of Fermentation
and Health Benefits Among General Population in North-Eastern
Slovenia. BMC Public Health, 22(1), 1695.
https://doi.org/10.1186/512889-022-14094-9.

Silva-Sousa, F., Fernandes, T., Pereira, F., Rodrigues, D., Rito, T., ... Sousa, M. J.
(2022). Torulaspora Delbrueckii Phenotypic and Metabolic Profiling
Towards Its Biotechnological Exploitation. Journal of Fungi, 8(6).
https://doi.org/10.3390/j0f8060569.

Simbolon, R., & Koeswanti, H. D. (2020). Comparison of PBL (Project Based
Learning) Models with PBL (Problem Based Learning) Models to
Determine Student Learning Outcomes and Motivation. International
Journal of Elementary Education, 4(4), 519-529.
https://doi.org/10.23887/ijee.v4i4.30087.

Solano-Sanchez, M. A., Dominguez-Valerio, C. M., Lendinez-Turén, A., &
Aguilar-Rivero, M. (2022). Sustainable Economic Development
Education: The Use of Artificial Neural Networks for the Profile
Estimation of Students from Developing Countries. Sustainability
(Switzerland), 14(3), 1192. https://doi.org/10.3390/su14031192.

Soraya, L. I., & Ratih, K. (2023). The Implementation of Project Based Learning
During The Learning Process at SMA Negeri 2 Sukoharjo. Universitas
Muhammadiyah Surakarta.

Soumia, B., Rofia, A., & Nadia, Y. (2023). Biotechnology: Definitions, Types and
Main Applications. YAMER Digital, 22(4), 563-575.
https://doi.org/10.37896/Y MER22.04/49.

Sterling, S. (2010). Learning for resilience , or the resilient learner ? Towards a



260

necessary reconciliation in a paradigm of sustainable education.
Environmental Education Research, 16(5), 511-528.
https://doi.org/10.1080/13504622.2010.505427.

Stewart, W. J. (2016). Improving the Teaching of Decision-Making Skills. Taylor
& Francis, 63(2), 64—66.
https://doi.org/10.1080/00098655.1989.9955727.

Strunz, U., & Chlupsa, C. (2019). Overcoming Routine: A 21ST Century Skill for a
21ST Century Economy. International Journal of Economic Sciences,
8(2), 109-126. https://doi.org/10.20472/ES.2019.8.2.008.

Sudijono, A. (2011). Pengantar Statistik Pendidikan. Rajawali Pers.

Sudiyat, R., & Setiawan, R. (2021). Effect of Selection of Additional Food of Black
Sticky Rice and Its Processed Products Based on the Marketing Mix on
Blood Sugar in Dm Patients At Puskesmas City of Bandung.
International Conference on Interprofessional Health Collaboration and
Community Empowerment, 3(1), 14-19.

Suherman, D. P., Purwianingsih, W., & Diana, S. (2018). Analisis Hubungan Self-
efficacy dan Metakognitif Terhadap Hasil Belajar Siswa SMA
Berdasarkan Gender pada Konsep Genetika. Assimilation: Indonesian
Journal of Biology Education, 1(2), 14-20.
https://doi.org/10.17509/aijbe.v1i1.11450.

Sulistyawati, S., & Ulfah, M. (2024). Characteristics of Tape with Different
Packaging Materials: A Review. Proceeding International Seminar of
Science and Technology, 3(02001), 69-76.
https://doi.org/10.33830/isst.v3i1.2325.

Sumardiana, S., Hidayat, A., & Parno, P. (2019). Kemampuan Berpikir Kritis pada
Model Project Based Learning disertai STEM Siswa SMA pada Suhu
dan Kalor. Jurnal Pendidikan: Teori, Penelitian, Dan Pengembangan,
4(7), 874. https://doi.org/10.17977/jptpp.v4i7.12618.

Suryandari, K. C., Sajidan, Rahardjo, S. B., Prasetyo, Z. K., & Fatimah, S. (2018).
Project-Based Science Learning and Pre-Service Teachers’ Science
Literacy Skill and Creative Thinking. Cakrawala Pendidikan Jurnal limiah
Pendidikan, 3, 345—-355. https://doi.org/10.21831/cp.v38i3.17229

Suryani, Y., Hernaman, 1., & Ningsih. (2017). Pengaruh Penambahan Urea Dan
Sulfur Pada Limbah Padat Bioetanol Yang Difermentasi Em-4 Terhadap
Kandungan Protein Dan Serat Kasar. Jurnal Iimiah Peternakan Terpadu,
5(1), 13. https://doi.org/10.23960/jipt.v5i1.p13-17.

Susilawati, S., Amalina, N., Muslima, M., Hidayat, D., Febriansyah, M., ...



261

Fithriyyah, H. (2024). Analisis Kualitatif Dan Kuantitatif Pada Tapai
Singkong Dan Beras Ketan. Journal of Food Security and Agroindustry,
2(1), 17-26. https://doi.org/10.58184/jfsa.v2i1.281.

Suteja, S., & Setiawan, D. (2022). Students’ Critical Thinking and Writing Skills in
Project-Based Learning. International Journal of Educational Qualitative
Quantitative Research, 1(2), 16-22.
https://doi.org/10.58418/ijeqqr.v1il.5.

Suwarto, R. S., Sanjaya, Y., & Solihat, R. (2021). Implementation of Education for
Sustainable Development and Pupils’ Sustainability Consciousness in
Adiwiyata School and ESD-Based School. Journal of Physics:
Conference  Series, 1806(1), 1-7. https://doi.org/10.1088/1742-
6596/1806/1/012153.

Syahlan, I. D., Hidayat, D. R., & Hidayat, O. S. (2023). Application of The Project
Based Learning Model in Elementary Schools : Obstacles and Solutions
of Science and Environment Content. Jurnal Penelitian Pendidikan IPA,
9(4), 2060—-2067. https://doi.org/10.29303/jppipa.v9i4.3285.

Syarif, M. & Susilawati, E. (2017). Model-Model Pembelajaran IPA dan
Implementasinya. Direktorat Jenderal Guru dan Tenaga Kependidikan
Kementerian Pendidikan dan Kebudayaan.

Szulc-Obloza, A., & Zurek, M. (2024). Attitudes and Sustainable Behaviors with
Special Consideration of Income Determinants. European Research on
Management  and Business Economics, 30(2), 100240.
https://doi.org/10.1016/j.iedeen.2023.100240.

Tan, Z. J., Abu Bakar, M. F., Lim, S. Y., & Sutimin, H. (2024). Nutritional
composition and sensory evaluation of tempeh from different
combinations of beans. Food Research, 8(2), 138-146.
https://doi.org/10.26656/fr.2017.8(2).088.

The George Lucas Foundation. (2005). Instructional Module Project Based
Learning.

Thomas, J. W. (2000). A Review of Research on Project-Based Learning.
Interdisciplinary Journal of Problem-Based Learning, 22(1), 1-18.

Tran, T. Q., & Tran, T. N. P. (2020). Attitudes toward The Use of Project-Based
Learning: A Case Study of Vietnamese High School Students. Journal of
Language and Education, 6(3), 140-152.
https://doi.org/10.17323/jle.2020.10109.

Trianto. (2013). Model Pembelajaran Terpadu: Konsep, Strategi, dan



262

Implementasinya dalam Kurikulum Tingkat Satuan Pendidikan (KTSP).
Bumi Aksara.

Trummer, P., Ammerer, G., & Scherz, M. (2022). Sustainable Consumption and
Production in the Extraction and Processing of Raw Materials—
Measures Sets for Achieving SDG Target 12.2. Sustainability
(Switzerland), 14(17). https://doi.org/10.3390/su141710971.

Tulkunovna, M. D. (2022). Modeling and Nanotechnology. Rustamov Erbol
Applicant Tashkent University of Information Technologies Named after
Muhammad Al-Khwarizmi, Republic of Uzbekistan, 462-466.
https://doi.org/10.51582/interconf.19-20.06.2022.048.

Turiyah. (2023). Analisis Implementasi Model Project Based Learning (PjBL)
dalam Mengembangkan Kemampuan Kognitif Anak Sekolah Dasar.
Seminar Nasional Inovasi Pendidikan Ke-6, 6, 106-112.

Tursynkulova, E., Madiyarov, N., Sultanbek, T., & Duysebayeva, P. (2023). The
Effect of Problem-Based Learning on Cognitive Skills in Solving
Geometric Construction Problems: A Case Study in Kazakhstan.
Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1284305.

Ul-Haque, S. N. S. M., & Mueedin, N. S. (2021). Fermentation of Tapai and
Alcohol Content Released From Tapai. I0OP Conference Series:
Materials Science and Engineering, 1053(1), 012050.
https://doi.org/10.1088/1757-899x/1053/1/012050.

Unat, E. (2020). A Review of Malthusian Theory of Population Under The Scope
of Human Capital. Focus on Research in Contemporary Economics, 1(2),
132-147. https://www.forcejournal.org/index.php/force/article/view/14.

UNESCO. (2017). Education for Sustainable Development Goals: Learning
Objectives. United Nations Educational, Scientific and Cultural
Organization.

United Nations. (2015). Transforming Our World: The 2030 Agenda for
Sustainable Development. https://sdgs.un.org/2030agenda.

Utama, K. O. D. (2019). The Effect of Project Based Learning Model on Learning
Outcomes and Student Learning Activities in Vocational School 1
Ngawen. Jurnal Pendidikan Teknik  Otomotif, 2(2), 9-92.
https://doi.org/10.21831/jpv0.v2i2.33560.

Vaidya, P. R., & Acharya, K. (2023). Student” Decision-Making at The University
Level: A Phenomenological Study. Journal of Business and Management
Research, 5(1), 88-100. https://doi.org/10.3126/jbmr.v5i1-2.58568



263

Students’.

Vaiqoh, 1., Supurwoko, S., & Indriyanti, N. Y. (2021). Analysis of Students’
Attitudes Toward STEM Based-on Gender and Grade Level: a
Comparative Study Between Indonesia and Thailand. Edusains, 13(2),
165-173. https://doi.org/10.15408/es.v13i2.19822.

Vare, P. (2021). Exploring The Impacts of Student-Led Sustainability Projects with
Secondary School Students and Teachers. Sustainability (Switzerland),
13(5), 1-21. https://doi.org/10.3390/su13052790.

Versino, F., Ortega, F., Monroy, Y., Rivero, S., Lopez, O. V., & Garcia, M. A.
(2023). Sustainable and Bio-Based Food Packaging: A Review on Past
and  Current  Design  Innovations.  Foods, 12(5), 1057.
https://doi.org/10.3390/fo0ds12051057.

Vital, R. J., Bassinello, P. Z., Cruz, Q. A., Carvalho, R. N., De Paiva, J. C. M., &
Colombo, A. O. (2018). Production, quality, and acceptance of tempeh
and white bean tempeh burgers. Foods, 7(9).
https://doi.org/10.3390/foods7090136.

Walker, T. R., & Fequet, L. (2023). Current Trends of Unsustainable Plastic
Production and Micro(nano) Plastic Pollution. Trends in Analytical
Chemistry, 160(6510), 116984.
https://doi.org/10.1016/j.trac.2023.116984.

Wally Giulia, S., Nicolo, D., Francesco, F., & Marco, B. (2023). Beyond The
Overview Effect: A Virtual Reality Experience for Sustainability
Awareness in  Decision-Making. International Conference on
Engineering Design, 3(23), 24-28. https://doi.org/10.1017/pds.2023.78.

Wang, Y., & Ruhe, G. (2007). The Cognitive Process of Decision Making.
International Journal of Cognitive Informatics and Natural Intelligence
(IJCINI), 1(2), 73-85. https://doi.org/10.4018/jcini.2007040105.

Wardani, H. (2016). Pengembangan Instrumen Asesmen. MUADDIB, 06(02), 127—
146.

Watson, M. K., Citadel, T., Military, T., & Carolina, S. (2014). Use of Concept
Maps to Assess Student Sustainability Knowledge Use of Concept Maps
to Assess Student Sustainability Knowledge Introduction Sustainability
and Engineering Education.

Wibowo, A., Armanto, D., & Lubis, W. (2022). Evaluasi Pembelajaran Berbasis
Proyek Pada Materi Bangun Ruang Kelas V Sekolah Dasar Dengan
Model CIPP. Journal of Educational Analytics (JEDA), 1(1), 27-40.



264

https://doi.org/10.55927/jeda.v1i1.424.

Wigati, D., Sari, W. K., & Kristantri, R. S. (2019). Uji Aktivitas Antibakteri
Youghurt Susu Sapi dan UHT Terhadap Pertumbuhan Bakteri
Staphylococcus Aureus. Farmasi & Sains Indonesia, 2(2), 9-12.

Wijaya, K., Siregar, S., Sutrisno, Yuzni, S. Z., Sari, R. A., ... Ramadani. (2021).
The Effectiveness of Learning with The Team Based Project Method in
The Decision Making Technique Course by Using The Product Oriented
Module.  Jurnal  Teknologi  Pendidikan,  23(3), 216-234.
https://doi.org/10.21009/jtp.v23i3.22907.

Waulan, N., Maryanto, S., & Mulyasari, I. (2021). The Effect of Fermentation Time
on Protein and Fat Content in The Red Beans (Phaseolus Vulgaris L.)
Tempeh. Jurnal Gizi Dan Kesehatan, 13(2).
https://doi.org/10.35473/jgk.v13i2.236.

Yonanda, H. D., Istiana, R., & Prasaja, D. (2017). The Influence of Problem Based
Learning (PBL)-Based Student Worksheets on Sustainable Development
Goals (SDGs) to Improve Students’ Critical Thinking Skills. Journal of
Biology Education, 11(1), 40-46.
https://doi.org/10.55215/jber.v4i2.6363.

Yuan, X.,, & Yu, L. (2021). Education Sciences Awareness of Sustainable
Development Goals among Students from a Chinese Senior High School.
Education Sciences, 11(458). https://doi.org/10.3390/educsci11090458.

Yuliani, S., Juniawati, Widowati, S., Usmiati, S., & Suryana, E. (2022).
Environmentally Friendly Preparation of Tempeh from Indonesian
Soybean with Dry Peeling Technique. Technology for Sustainable
Development, 112, 91-96. https://doi.org/10.4028/p-6ghf46.

Yun, Y., & Kurniawan, A. (2016). Pengaruh Pengendalian Kualitas Susu Sapi
Terhadap Keunggulan Bersaing Produk Susu Sapi pada Peternak Sapi
Perah di Kecamatan Lembang dan Kecamatan Parongpong Kabupaten
Bandung Barat. Portofolio, 13(1), 38-57.

Zega, N. A. (2022). Deskripsi Kesulitan Belajar Mahasiswa pada Mata Kuliah
Bioteknologi melalui Tes Diagnostik. Jurnal Ilmu Pendidikan, 4(3),
3761-3769. https://doi.org/10.31004/edukatif.v4i3.2708.

Zhang, L., & Ma, Y. (2023). A Study of The Impact of Project-Based Learning on
Student Learning Effects: A Meta-Analysis Study. Front. Psychol, 14,
1-14. https://doi.org/10.3389/fpsyg.2023.1202728.

Zhang, Y., & Chabay, I. (2020). How "Green Knowledge” Influences Sustainability



265

through Behavior Change: Theory and Policy Implications.
Sustainability, 12(6), 6448. https://doi.org/10.3390/su12166448.

Zimmerman, T., Goetz, T. I. M., & lbrahim, S. A. (2020). Learning Inquiry by
Applying the Principles of Fermentation to the Production of Yogurt.
Inquiry and Investigation, 82(5), 328-332.

Zitouni, A., & Baelo, R. (2023). How Implementing SDG 12 in Teaching Helps
Students Develop Prosocial Skills? Springer Proceedings in Earth and
Environmental Sciences, 639, 106-112. https://doi.org/10.1007/978-3-
031-25840-4_14.

Zsoka, A., Szerényi, Z. M., Széchy, A., & Kaocsis, T. (2013). Greening due to
Environmental Education? Environmental Knowledge, Attitudes,
Consumer Behavior and Everyday Pro-environmental Activities of
Hungarian High School and University Students. Journal of Cleaner
Production, 48, 126-138. https://doi.org/10.1016/j.jclepro.2012.11.030.



	d668e9cc0d5ed9d94dd6270401a6870499f2a5840e6a18f76286a713a07bd3fd.pdf
	d6cd0e0f515e6a9a9be15fb8c5732568f025e6eff2eb97c2a0467aaa876150d1.pdf
	d668e9cc0d5ed9d94dd6270401a6870499f2a5840e6a18f76286a713a07bd3fd.pdf

