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pendidikan biologi, peningkatan kesadaran lingkungan, serta upaya pelestarian alam di 

masa depan. Aamiin yaa robbal ‘alamin. 

Bandung, Juli 2025 

Penulis 

 

 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

vi 
 

UCAPAN TERIMA KASIH 

Penulis menyadari bahwa penyelesaian disertasi ini tidak terlepas dari bantuan, 

bimbingan, dan dukungan dari berbagai pihak. Oleh karena itu, pada kesempatan kali ini, 

penulis ingin menyampaikan ucapan terima kasih yang tulus serta penghargaan yang 

setinggi-tingginya kepada yang terhormat:  

1. Bapak Prof. Topik Hidayat, S.Pd., M.Si., Ph.D., selaku promotor atas waktu dan 

kesempatan, arahan dan bimbingan, serta motivasi yang telah diberikan kepada penulis 

selama penulis menyusun disertasi ini.  

2. Ibu Prof. Dr. Hj. RR. Hertien Koosbandiah S., M.Sc.,  selaku ko-promotor atas waktu 

dan kesempatan, petunjuk dan koreksi serta dorongan yang telah diberikan kepada 

penulis selama penulis menyusun disertasi ini.  

3. Bapak Prof. Dr. H. Riandi, M.Si., selaku anggota promotor yang dalam kesibukannya  

selalu memberikan bimbingan, tuntunan dan nasihat kepada penulis dalam penyelesaian 

disertasi ini.  

4. Bapak Prof. Dr. rer. nat. Adi Rahmat, M.Si. selaku Dekan Fakultas Pendidikan 

Matematika dan Ilmu Pengetahuan Alam (FPMIPA) Universitas Pendidikan Indonesia  

atas segala fasilitas dan kebijakan yang diberikan selama penulis menempuh pendidikan 

Doktor.  

5. Bapak Prof. Prof. Dr. Phil. Ari Widodo, M.Ed.  selaku  Ketua Program Studi  S3 

Pendidikan IPA FPMIPA UPI, beserta staf akademik yang telah memberikan dorongan, 

kemudahan, dan bantuan dalam menyelasaikan disertasi ini.   

6. Seluruh staf dosen, karyawan, dan segenap civitas akademika Prodi  S3 Pendidikan IPA  

FPMIPA UPI  yang telah memberikan dukungan secara langsung maupun tidak 

langsung kepada penulis untuk menggali pengetahuan, pengalaman, dan wawasan 

sehingga dapat menyelesaikan studi ini dengan baik. 

7. Teman-teman seperjuangan S3 Pendidikan IPA FPMIPA UPI angkatan 2020 DAN 

2021 yang telah mendukung dan memotivasi penulis selama studi.   

Semoga segala amal kebaikan yang telah diperbuat dalam membantu dan mendukung 

penulis dalam menyelesaikan penelitian dan penyusunan disertasi ini mendapatkan balasan 

yang setimpal dari Allah SWT, Aamiiin.  

Bandung, Juli 2025 

Susbiyanto 

 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

vii 
 

DEVELOPMENT OF ECOLOGY LEARNING PROGRAM BASED ON A 

CITIZEN SCIENCE PROJECT ON ARTISANAL GOLD MINING WASTE 

POLLUTION IN RIVER TO ENHANCE PROBLEM-SOLVING SKILLS AND 

ENVIRONMENTAL LITERACY AMONG PROSPECTIVE BIOLOGY 

TEACHERS ALONG WITH COMMUNITY SUSTAINABILITY LITERACY 

 

ABSTRACT 

This study developed an ecology learning program grounded in a citizen science project 

addressing gold mining waste pollution in river basin areas, with the goal of enhancing 

problem-solving skills and environmental literacy among pre-service biology teachers, as 

well as promoting sustainability literacy within local communities. The research introduces 

a contextualized citizen science-based model with dual impacts educational and 

community empowerment targeted at environmentally degraded mining areas. Employing 

a mixed methods approach with an exploratory sequential design (QUAN emphasized). 

The study involved two participant groups, the first group consisted of 30 students from 

the Biology Education Study Program at a University in Merangin Regency. The second 

group consists of communities living near gold mining activities, not far from the 

Batanghari River. Instruments included open-ended problem-solving tests, multiple-choice 

environmental literacy tests, and sustainability literacy questionnaires. Data were analyzed 

using the Rasch model. Results indicated a substantial improvement in students’ problem-

solving abilities, with 70% reaching a very high category and 26.7% classified as high. 

Only 3.3% remained in the low category. Environmental literacy outcomes were similarly 

positive, with 66.7% in the very high category and 3.3% high, while no students were 

categorized as low. In terms of community sustainability literacy, 20.75% of respondents 

demonstrated very high levels, 32.08% high, 28.30% moderate, and 18.87% low. The 

findings underscore the effectiveness of citizen science-based ecological education in 

strengthening problem-solving competencies, fostering environmental literacy among 

future educators, and promoting sustainability awareness in mining-affected communities. 

This study highlights the relevance of integrating citizen science into higher education 

curricula to support eco-pedagogical innovation and participatory environmental 

stewardship. 

Keywords:  citizen science project-based ecology learning, gold mining waste pollution, 

river basins 
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ABSTRAK 

 

Penelitian ini bertujuan menghasilkan program pembelajaran ekologi berbasis citizen 

science project tentang pencemaran limbah tambang emas di daerah aliran sungai yang 

dapat digunakan untuk meningkatkan keterampilan pemecahan masalah dan literasi 

lingkungan calon guru biologi serta literasi keberlanjutan masyarakat. Kebaharuan 

penelitian diperoleh dalam bentuk program pembelajaran ekologi berbasis citizen science 

yang kontekstual, serta memiliki dampak ganda pada pendidikan dan pemberdayaan 

masyarakat di wilayah sekitar penambangan emas. Penelitian ini dirancang menggunakan 

metode mixed methods dengan tipe exploratory sequential design (quan emphasized). 

Subyek penelitian terdiri dari dua kelompok yang berbeda. Kelompok pertama adalah 

mahasiswa Program Studi Pendidikan Biologi dari salah satu perguruan tinggi di 

Kabupaten Merangin, dengan jumlah 30 mahasiswa. Kelompok kedua adalah masyarakat 

yang tinggal disekitar kegiatan penambangan emas dengan lokasi yang tidak jauh dari 

Sungai Batanghari. Instrumen keterampilan pemecahan masalah dalam penelitian ini 

berbentuk soal tes keterampilan pemecahan masalah, terdiri dari 5 soal uraian. Pengukuran 

literasi lingkungan, dengan menggunakan dua instrument yang berbeda. Instrumen literasi 

lingkungan dalam penelitian ini disusun dalam bentuk soal tes pilihan ganda dan angket. 

Instrumen literasi keberlanjutan masyarakat dalam penelitian ini, digunakan dalam bentuk 

angket. Analisis data dilakukan dengan menggunakan metode analisis Rasch. Hasil 

penelitian menunjukkan bahwa setelah intrevensi keterampilan pemecahan masalah 

mahasiswa mengalami peningkatan dimana 70% mahasiswa mencapai kategori 

kemampuan sangat tinggi, dan 26,7% berada dalam kategori kemampuan tinggi. Hanya 

3,3% mahasiswa yang tetap berada dalam kategori kemampuan rendah, dan tidak ada 

mahasiswa yang berada dalam kategori sangat rendah. Sementara itu, literasi lingkungan 

mahasiswa menunjukkan peningkatan yang mencolok. Sebanyak 66,7% mahasiswa 

berhasil mencapai kategori pemahaman sangat tinggi, 3,3% mahasiswa berada pada 

kategori tinggi dan 30% mahasiswa yang berada kategori rendah serta tidak ada 

mahasiswa yang berada pada kategori sangat rendah. Di sisi lain, pada litersi keberlanjutan 

masyarakat terdapat 20,75% responden yang memberikan persetujuan sangat tinggi, 

32,08% responden yang memberikan persetujuan tinggi, 28,30% responden yang 

memberikan persetujuan moderat, dan 18,87% responden yang memberikan persetujuan 

rendah. Program pembelajaran ekologi berbasis citizen science project tentang pencemaran 

limbah tambang emas di daerah aliran sungai efektif meningkatkan keterampilan 

pemecahan masalah dan literasi lingkungan calon guru biologi, serta literasi keberlanjutan 

masyarakat. Temuan ini memberikan implikasi bahwa program berbasis citizen science 

relevan diterapkan dalam perkuliahan ekologi untuk memperkuat kompetensi 

ekopedagogik dan konservasi berbasis komunitas. 

 

Kata kunci: pembelajaran ekologi berbasis citizen science project, pencemaran limbah 

tambang emas, daerah aliran sungai 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

ix 
 

DAFTAR ISI 

 

Halaman 

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

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

PERNYATAAN ............................................................................................................. iv 

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

UCAPAN TERIMA KASIH ......................................................................................... vi 

ABSTRAK ..................................................................................................................... vii 

DAFTAR ISI .................................................................................................................. ix 

DAFTAR TABEL .......................................................................................................... xi 

DAFTAR GAMBAR ................................................................................................... xiii 

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

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

1.2  Rumusan Masalah  ......................................................................................... 24 

1.3  Tujuan Penelitian ........................................................................................... 25 

1.4  Manfaat Penelitian  ........................................................................................ 26 

1.5  Definisi Operasional  ..................................................................................... 27 

1.6  Struktur Organisasi Disertasi ......................................................................... 32  

BAB II. KAJIAN PUSTAKA ...................................................................................... 34 

2.1  Ekologi  .......................................................................................................... 34 

2.2  Citizen Science ............................................................................................... 40 

2.3  Keterampilan Pemecahan Masalah ................................................................ 47 

2.4  Literasi Lingkungan ....................................................................................... 57 

2.5  Literasi Keberlanjutan Masyarakat ................................................................ 69 

2.6  Kerangka Penelitian Penelitian ...................................................................... 82 

BAB III. METODE PENELITIAN  ............................................................................ 87 

3.1  Desain Penelitian............................................................................................ 87 

3.2  Subjek Penelitian............................................................................................ 90 

3.3  Instrumen Penelitian  ..................................................................................... 92 

3.4  Prosedur Penelitian ........................................................................................ 94 

3.5  Teknik Pengumpulan Data ........................................................................... 167 

3.6  Teknik Analisis Data .................................................................................... 169 

BAB IV. HASIL PENELITIAN ................................................................................ 179 

4.1  Karakteristik Program Pembelajaran Ekologi Berbasis Citizen Science ..... 179 

4.1.1  Capaian pembelajaran ekologi berbasis citizen science memuat 

kompetensi yang relevan dengan kegiatan pembelajaran  .................. 180 

4.1.2  Konten pembelajaran ekologi mengacu pada  

place based education  ....................................................................... 183 

4.1.3  Pembelajaran berorientasi pada observasi lapangan dan pemecahan 

masalah  .............................................................................................. 185 

4.1.4  Program pembelajaran memuat keterlibatan masyarakat lokal .......... 186 

4.1.5  Proyek citizen science memuat tahapan untuk mengakomodir  

terbentuknya keterampilan pemecahan masalah,  

literasi lingkungan dan literasi keberlanjutan ..................................... 189 

4.1.6  Struktur LKM mengakomodir kegiatan proyek citizen science ......... 194 

4.2  Peningkatan Keterampilan Pemecahan Masalah Calon Guru Biologi  ........ 212 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

x 
 

4.3 Peningkatan Literasi Lingkungan Calon Guru Biologi  ............................... 220 

4.3.1 Analisis literasi lingkungan pada soal pilihan ganda ......................... 221 

4.3.2 Analisis literasi lingkungan pada instrumen angket ........................... 230 

4.4 Peningkatan Literasi Keberlanjutan Masyarakat pada Perkuliahan Ekologi  

Berbasis Citizen Science Project  ................................................................. 239 

4.5 Keunggulan dan Keterbatasan Perkuliahan Ekologi  

berbasis Citizen Science Project .................................................................. 254  

4.5.1 Keunggulan perkuliahan ekologi berbasis citizen science .................. 254 

4.5.2 Keterbatasan perkuliahan ekologi berbasis citizen science ................. 258 

BAB V. PEMBAHASAN ............................................................................................ 258 

5.1  Analisis Karakteristik Program Pembelajaran Ekologi  

Berbasis Citizen Science .............................................................................. 261 

5.2  Analisis Keterampilan Pemecahan Masalah Calon Guru Biologi  .............. 267 

5.3 Analisis Literasi Lingkungan Calon Guru Biologi  ..................................... 273 

5.3.1 Analisis literasi lingkungan pada soal pilihan ganda ......................... 273 

5.3.2 Analisis angket literasi lingkungan..................................................... 280 

5.4 Analisis Literasi Keberlanjutan Masyarakat pada Perkuliahan Ekologi  

Berbasis Citizen Science Project  ................................................................. 295 

BAB VI. SIMPULAN, IMPLIKASI, DAN REKOMENDASI ............................... 316 

6.1 Simpulan ...................................................................................................... 316  

6.2 Implikasi ...................................................................................................... 318 

6.3 Rekomendasi ................................................................................................ 318 

DAFTAR PUSTAKA ................................................................................................. 319 

LAMPIRAN ................................................................................................................ 353 
 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

xi 
 

DAFTAR TABEL 

 

Halaman 

Tabel 2.1 Materi Perkuliahan Ekologi .................................................................. 38 

Tabel 2.2  Matrik Tahapan Pemecahan Masalah ................................................... 55 

Tabel 2.3  Matrik Kompetensi Pengukuran Literasi Lingkungan Mahasiswa  ...... 64 

Tabel 2.4  Matriks Dimensi Literasi Keberlanjutan ............................................... 77 

Tabel 2.5 Matriks Lingkup Dimensi Literasi Keberlanjutan berdasarkan Teori 

Pembelajaran Sosial dan Teori Perubahan Perilaku.............................. 80 

Tabel 3.1  Instrumen yang Digunakan untuk Mengumpulkan Data Kualitatif ...... 93 

Tabel 3.2 Instrumen yang Digunakan untuk Mengumpulkan Data Kuantitatif .... 94 

Tabel 3.3  Tahapan Analisis Data Kualitatif untuk Studi Lapangan ...................... 96 

Tabel 3.4 Perbandingan Struktur Mata Kuliah Ekologi pada  

Tiga Program Studi ............................................................................... 99 

Tabel 3.5   CPL Prodi yang Dibebankan pada Mata Kuliah Ekologi ................... 108 

Tabel 3.6  CPMK yang Dibebankan pada Pembelajaran Ekologi ....................... 108 

Tabel 3.7  Sub-CPMK yang Dibebankan pada Pembelajaran Ekologi ................ 113 

Tabel 3.8  Bagian Utama LKM pada Program Pembelajaran Ekologi  

berbasis Citizen Science ...................................................................... 127 

Tabel 3.9  Struktur Konstruksi Instrumen Keterampilan Pemecahan Masalah ... 130 

Tabel 3.10  Rubrik Skor Soal Keterampilan Pemecahan Masalah ........................ 131 

Tabel 3.11 Struktur Konstruksi Instrumen Literasi Lingkungan Mengukur  

Pengetahuan dan Ketrampilan............................................................. 132 

Tabel 3.12 Struktur Konstruksi Instrumen Literasi Lingkungan  

Mengukur Sikap dan Perilaku ............................................................. 135 

Tabel 3.13 Struktur Konstruksi Instrumen Literasi Keberlanjutan Masyarakat ... 137 

Tabel 3.14  Hasil Validasi Ahli terhadap Konstruksi Program Pembelajaran ....... 141 

Tabel 3.15  Hasil Validasi Ahli Terhadap Konstruksi Instrumen Keterampilan 

Pemecahan Masalah ............................................................................ 142 

Tabel 3.16  Hasil Validasi Ahli terhadap Konstruksi  

Instrumen Literasi Lingkungan ........................................................... 143 

Tabel 3.17  Hasil Validasi Ahli terhadap Konstruksi Instrumen  

Literasi Keberlanjutan Masyarakat ..................................................... 145 

Tabel 3.18  Tahapan Proyek Citizen Science pada Perkuliahan Ekologi ............... 148 

Tabel 3.19  Kendala yang Dihadapi Mahasiswa dalam Uji Coba Program ........... 140 

Tabel 3.20  Kriteria Nilai Alpha Cronbach ............................................................ 153 

Tabel 3.21  Kriteria Nilai Item Reliability.............................................................. 153 

Tabel 3.22  Misfit Order Instrument Keterampilan Pemecahan Masalah .............. 155 

Tabel 3.23  Misfit Order Soal Pilihan Ganda Literasi Lingkungan ....................... 157 

Tabel 3.24  Item Statistics Misfit Order Angket Literasi Lingkungan ................... 160 

Tabel 3.25 Item Statistics Misfit Order Angket  

Literasi Keberlanjutan Masyarakat ..................................................... 162 

Tabel 3.26  Teknik Pengumpulan Data Berdasarkan Pertanyaan Penelitian ......... 168 

Tabel 3.27  Penggunaan Data Kualitatif dalam Pengembangan Program ............. 172 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

xii 
 

Tabel 4.1 Sasaran Kompetensi yang menjadi bagian Capaian  

Pembelajaran dari Kurikulum Ekologi Berbasis Citizen Science ....... 180 

Tabel 4.2  Konten Pembelajaran Ekologi berbasis Citizen Science ..................... 184 

Tabel 4.3  Aktivitas Masyarakat dalam Kegiatan Pembelajaran  

Ekologi berbasis Citizen Science Project ............................................ 188 

Tabel 4.4  Hubungan Tahapan Program Pembelajaran dan Tahapan  

Keterampilan Pemecahan Masalah ..................................................... 189 

Tabel 4.5 Hubungan Tahapan Pembelajaran dan terbentuknya  

Literasi Lingkungan serta Literasi Keberlanjutan ............................... 193 

Tabel 4.6  Analisis Person Entry Keterampilan Pemecahan Masalah ................. 212 

Tabel 4.7  Kategori Keterampilan Pemecahan Masalah Berdasarkan  

Interval P.SD dan Mean ...................................................................... 214 

Tabel 4.8  Item Entry Hasil Analisis Racking untuk  

Keterampilan Pemecahan Masalah ..................................................... 217 

Tabel 4.9  Kategori Tingkat Kesukaran Item Pemecahan Masalah ..................... 219 

Tabel 4.10  Hasil Analisis Person Entry Literasi Lingkungan Mahasiswa ........... 222 

Tabel 4.11 Kategori Pengelompokkan Tingkat Pemahaman  

Literasi Lingkungan Mahasiswa ......................................................... 224 

Tabel 4.12  Hasil Analisis Person Entry Analisis Stacking  

Angket Literasi Lingkungan Mahasiswa ............................................ 231 

Tabel 4.13  Pengelompokkan Tingkat Literasi Lingkungan Mahasiswa ............... 234 

Tabel 4.14  Nilai Logit Value Item dari output Item Entry .................................... 243 

Tabel 4.15  Nilai Logit Value Person dari Hasil Analisis Person Entry ................ 245 

Tabel 4.16 Kategori Tingkat Kesulitan Item untuk Memperoleh  

Persetujuan Responden ....................................................................... 248 

Tabel 4.17 Kategori Tingkat Kemampuan Responden dalam  

Memberikan Persetujuan ..................................................................... 249 

Tabel 4.18 Persentase Responden dan Item Pernyataan  

pada Masing-masing Kategori ............................................................ 249 

 

 

 

 

 

 

 

 

 

 

 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

xiii 
 

DAFTAR GAMBAR 

 

Halaman 

 

Gambar 1.1:  Analisis Bibliometrik dengan Kata Kunci Citizen Science ................... 23 

Gambar 2.1:  Domain Literasi Lingkungan NAAEE .................................................. 63 

Gambar 2.2:  Teori Sistem Ekologi Bronfenbrenner .................................................. 71 

Gambar 2.3:  Kerangka Penelitian .............................................................................. 86 

Gambar 3.1:  Prosedur Penelitian................................................................................ 89 

Gambar 3.2:  Lokasi Pengambilan Sampel Air untuk Pengukuran  

Kualitas Air Sungai ............................................................................... 92 

Gambar 3.3:  Tahapan Perancangan Proyek Citizen Science .................................... 114 

Gambar 3.4:  Citizen Science Logic Model ............................................................... 116 

Gambar 3.5:  Tahapan Kegiatan Proyek Citizen Science pada Mata Kuliah  

Ekologi ................................................................................................ 118 

Gambar 3.6:  Desain Project-Based Inquiry ............................................................. 122 

Gambar 3.7:  Kerangka Kerja Mini-Project Mahasiswa dalam Kerangka  

Proyek Citizen Science pada Mata Kuliah Ekologi............................. 123 

Gambar 4.1:  Visualisasi Instruksi Pengamatan dan Pencatatan untuk Berbagai  

Jenis Lingkungan ................................................................................ 186 

Gambar 4.2:  Visualisasi Jawaban Mahasiswa pada Instrumen Keterampilan 

Pemecahan Masalah ............................................................................ 191 

Gambar 4.3:  Visualisasi Instruksi dalam LKM terkait Mempromosikan dan  

Mengoreintasikan Masalah ................................................................. 196 

Gambar 4.4:  Narasumber Menjelaskan Potensi Kerusakan Lingkungan Akibat 

Merkuri dan Sianida dalam Kegiatan FGD ......................................... 198 

Gambar 4.5:  Cuplikan LKM yang Menginstruksikan untuk Menghimpun  

Informasi terkait Rumusan Masalah dari Kegiatan FGD .................... 199 

Gambar 4.6:  Tampilan LKM yang Menginstruksikan Mahasiswa untuk  

Menguraikan Rencana Mini-Project ................................................... 200 

Gambar 4.7:  Instruksi untuk Melakukan Tes Nitrit dengan Menggunakan  

Kertas Strip yang terdapat di dalam LKM .......................................... 202 

Gambar 4.8:  Dokumentasi Kegiatan Pengumpulan Data dan Mengukur  

Status Ekologi Sungai ......................................................................... 203 

Gambar 4.9:  Mahasiswa Membimbing Masyarakat yang terlibat untuk 

Mempraktekkan Pengukuran Kadar Amonia yang Terkandung  

pada Air Sungai ................................................................................... 204 

Gambar 4.10:  Mahasiswa Membimbing Masyarakat yang terlibat untuk 

Mempraktekkan Pengukuran Debit Air Sungai .................................. 205 

Gambar 4.11:  Cuplikan LKM yang memuat Instruksi Penyusunan Draft  

Kegiatan Mini-Project ......................................................................... 207 

Gambar 4.12:  Presentasi dan Proses Validasi Mini-Project yang telah Disusun 

Mahasiswa ........................................................................................... 208 

Gambar 4.13:  Impelementasi Mini-Project dalam Bentuk Kegiatan Penyuluhan ..... 210 



 

 
Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT TENTANG PENCEMARAN 
LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN 
LITERASI LINGKUNGAN CALON GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

xiv 
 

Gambar 4.14:  Grafik Tingkat Perubahan Keterampilan Pemecahan Masalah  

Mahasiswa dari Pre-test ke Post-test ................................................... 216 

Gambar 4.15:  Grafik Tingkat Perubahan Item Pemecahan Masalah  

Berdasarkan Kemampuan Mahasiswa dari Pre-test ke Post-test ........ 220 

Gambar 4.16:  Grafik Pergeseran Tingkat Pemahaman Literasi Lingkungan  

Mahasiswa dari Pre-test ke Post-test ................................................... 226 

Gambar 4.17:  Wright map Analisis Racking Literasi Lingkungan Mahasiswa  

untuk Data dari Soal Pilihan Ganda .................................................... 228 

Gambar 4.18:  Grafik Pergeseran Tingkat Pemahaman Literasi Lingkungan  

Mahasiswa dari pre-test ke post-test ................................................... 235 

Gambar 4.19:  Wright Map Analisis Racking Data Angket Literasi Lingkungan 

Mahasiswa ........................................................................................... 238 

Gambar 4.20:  Wright Map Analisis Data Literasi Keberlanjutan Masyarakat .......... 241 

Gambar 5.1: Cuplikan Produk Diseminasi Kegiatan Proyek Citizen Science ......... 264 
 

 

 

 

 

 

 

 

 

  



319 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR PUSTAKA 

Aberle, L. M., Platts, J. R., Kioutis, M. A., Haustead, L. M., & Godrich, S. L. 

(2022). Application of a sustainability framework to enhance Australian food 

literacy programs in remote Western Australian communities. Health 

Promotion Journal of Australia, 33(S1), 174–206. 

Adler, F. R., Green, A. M., & Şekercioğlu, Ç. H. (2020). Citizen science in ecology: 

a place for humans in nature. Annals of the New York Academy of Sciences, 

1469(1), 52–64. https://doi.org/10.1111/nyas.14340 

Agustiani, T., Sulistia, S., Sudaryanto, A., Kurniawan, B., Poku, P. A., Elwaleed, 

A., Kobayashi, J., Ishibashi, Y., Anan, Y., & Agusa, T. (2025). Mercury 

contamination and human health risk by artisanal small-scale gold mining 

(ASGM) activity in Gunung Pongkor, West Java, Indonesia. Earth, 6(3), 67. 

https://doi.org/10.3390/earth6030067 

Agyarko, K., Dartey, E., Kuffour, R., & Sarkodie, P. (2014). Assessment of Trace 

Elements Levels in Sediment and Water in Some Artisanal and Small-Scale 

Mining (ASM) Localities in Ghana. Current World Environment Journal, 

9(1), 7–16. https://doi.org/10.12944/CWE.9.1.02 

Ahmed Ibrahim Morsy, A., & Ahmed Mostafa Darweesh, H. (2020). Effect of Six 

Hats Thinking Technique on Development of Critical Thinking Disposition 

and Problem Solving Skills of Nursing Students. American Journal of 

Nursing Research, 9(1), 8–14. https://doi.org/10.12691/ajnr-9-1-2 

Ahmed, M. F., Lim, C. K., Mokhtar, M. Bin, & Khirotdin, R. P. K. (2021). 

Predicting Arsenic (As) Exposure on Human Health for Better Management 

of Drinking Water Sources. International Journal of Environmental Research 

and Public Health, 18(15), 7997. https://doi.org/10.3390/ijerph18157997 

Aikowe, L. D., & Mazancova, J. (2023). Pro-environmental awareness of university 

students – assessment through sustainability literacy test. International 

Journal of Sustainability in Higher Education, 24(3), 719–741. 

https://doi.org/10.1108/IJSHE-06-2021-0219 

Ajaps, S., & McLellan, R. (2015). “We don’t know enough”: Environmental 

education and pro-environmental behaviour perceptions. Cogent Education, 

2(1), 1124490. https://doi.org/10.1080/2331186X.2015.1124490 

Aldwila, N. M. (2018). Assessment of Heavy Metal Pollution in the Surface 

Sediments of Hadhramout Coast, Yemen. Advances in Clinical Toxicology, 

3(1). https://doi.org/10.23880/ACT-16000123 

Alevizou, P., Oates, C., & McDonald, S. (2015). The Well(s) of Knowledge: The 

Decoding of Sustainability Claims in the UK and in Greece. Sustainability, 

7(7), 8729–8747. https://doi.org/10.3390/su7078729 

Aliskhanova, M., Khasbulatova, Z., & Khadzhiev, R. (2023). Experience and 

Problems of Environmental Education, Education and Upbringing. SHS Web 

of Conferences, 172, 01040. https://doi.org/10.1051/shsconf/202317201040 

Alkatiri, H. (2023). Sosialisasi Bahaya Penggunaan Merkuri Pada Penambangan 

Emas Skala Kecil Desa Air Mangga Kec Obi Kab Halmahera Selatan 

Provinsi Maluku Utara. Journal Of Khairun Community Services, 3(2). 

https://doi.org/10.33387/jkc.v3i2.6804 

319 

https://doi.org/10.3390/earth6030067


320 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Amel, E., Manning, C., Scott, B., & Koger, S. (2017). Beyond the roots of human 

inaction: Fostering collective effort toward ecosystem conservation. Science, 

356(6335), 275–279. https://doi.org/10.1126/science.aal1931 

Ançel, G. (2016). Problem-Solving Training: Effects on the Problem-Solving Skills 

and Self-Efficacy of Nursing Students. Eurasian Journal of Educational 

Research, 16(64), 231–246. https://doi.org/10.14689/ejer.2016.64.13 

Anderson, L. W., & Krathwohl, D. R. (2001). A Taxonomy for Learning, Teaching, 

and Assessing: A Revision of Bloom’s Taxonomy of Educational Objectives. 

Longman. 

Araújo, J. L., Morais, C., & Paiva, J. C. (2022). Student participation in a coastal 

water quality citizen science project and its contribution to the conceptual and 

procedural learning of chemistry. Chemistry Education Research and 

Practice, 23(1), 100–112. https://doi.org/10.1039/d1rp00190f 

Ardoin, N. M., Bowers, A. W., & Gaillard, E. (2018). Environmental Education 

Outcomes for Conservation: A Systematic Review. Biological Conservation, 

221, 23–36. 

Aripin, I., Hidayat, T. (2024). Buku Panduan Pengabdian kepada Masyarakat: 

Pelatihan Program Citizen Science bagi Guru MGMP Biologi SMA di 

Kabupaten Majalengka. Kerjasama Program Studi Pendidikan Biologi, FKIP 

UNMA DIKHUMSAINTEK LPPM UPI MGMP Biologi Kabupaten 

Majalengka 

Aripin, I., Hidayat, T., Rustaman, N., & Riandi, R. (2022). Citizen science project’s 

contributions to species literacy for pre-service biology teacher. Jurnal 

BIOEDUKATIKA, 10(1), 42. https://doi.org/10.26555/bioedukatika.v10i1. 

21646 

Aripin, I., Hidayat, T., Rustaman, N. Y., & Riandi, R. (2021). Prospective biology 

teachers’ research skills. Journal of Physics: Conference Series, 1806(1), 

012170. https://doi.org/10.1088/1742-6596/1806/1/012170 

Aristeidou, M., Scanlon, E., & Sharples, M. (2020). Learning outcomes in online 

citizen science communities designed for inquiry. International Journal of 

Science Education, Part B, 10(4), 277–294. https://doi.org/10.1080/ 

21548455.2020.1836689 

Aronson, J., Goodwin, N., Orlando, L., Eisenberg, C., & Cross, A. T. (2020). A 

World of Possibilities: Six Restoration Strategies to Support the United 

Nation’s Decade on Ecosystem Restoration. Restoration Ecology, 28(4), 

730–736. https://doi.org/10.1111/rec.13170 

Arruda, F. N. de P., & Przybylowicz, B. B. S. (2019). Transculturality as a drive 

for the SDGs achievement. International Journal of Sustainability in Higher 

Education, 20(5), 822–831. https://doi.org/10.1108/IJSHE-01-2019-0033 

Arshad, H., Saleem, K., Shafi, S., Ahmad, T., & Kanwal, S. (2020). Environmental 

Awareness, Concern, Attitude and Behavior of University Students: A 

Comparison Across Academic Disciplines. Polish Journal of Environmental 

Studies, 30(1), 561–570. https://doi.org/10.15244/pjoes/122617 

Ashe, K. (2012). Elevated Mercury Concentrations in Humans of Madre de Dios, 

Peru. PLoS ONE, 7(3), e33305. https://doi.org/10.1371/journal.pone. 

0033305 



321 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Arora, S., & Kumar, B. (2024). Effect of emergent vegetation on riverbank erosion 

with sediment mining. Scientific Reports, 14, Article 11193. 

https://doi.org/10.1038/s41598-024-61315-9 

Ayar, M., & Özalp, D. (2021). Analyzing a Human and Environment Unit at the 

5th Grade Science Curriculum within the Environmentally Lliterate 

Citizenship Context. Academy Journal of Educational Sciences, 5(1), 1–14. 

https://doi.org/10.31805/acjes.839228 

Bakkaloglu, S. (2020). Analysis of Metacognitive Awareness of Primary and 

Secondary School Students in Terms of Some Variables. Journal of 

Education and Learning, 9(1), 156. https://doi.org/10.5539/jel.v9n1p156 

Balasubramanian, A. (2019). Introduction to Ecology. In Conference: Country-

wide Classroom Educational TV programme-Gyan Darshan (Issue 

September, pp. 1–10). University of Mysore. https://doi.org/http://dx.doi.org/ 

10.13140/RG.2.2.29913.52320 

Ballard, H. L., Dixon, C. G. H., & Harris, E. M. (2017). Youth-focused citizen 

science: Examining the role of environmental science learning and agency for 

conservation. Biological Conservation, 208, 65–75. https://doi.org/10.1016/ 

j.biocon.2016.05.024 

Ballard, H. L., Lindell, A. J., & Jadallah, C. C. (2024). Environmental education 

outcomes of community and citizen science: a systematic review of empirical 

research. Environmental Education Research, 30(6), 1007–1040. 

https://doi.org/10.1080/13504622.2024.2348702 

Balundė, A., Perlaviciute, G., & Steg, L. (2019). The Relationship Between 

People’s Environmental Considerations and Pro-environmental Behavior in 

Lithuania. Frontiers in Psychology, 10. https://doi.org/10.3389/fpsyg.2019. 

02319 

Bamberg, S., & Rees, J. (2015). Environmental Attitudes and Behavior: 

Measurement. In International Encyclopedia of the Social & Behavioral 

Sciences (pp. 699–705). Elsevier. https://doi.org/10.1016/B978-0-08-

097086-8.91066-3 

Bandura, A. (1982). Self-efficacy Mechanism in Human Agency. American 

Psychologist, 37(2), 122–147. https://doi.org/10.1037/0003-066X.37.2.122 

Bandura, A., & Schunk, D. H. (1981). Cultivating competence, self-efficacy, and 

intrinsic interest through proximal self-motivation. Journal of Personality 

and Social Psychology, 41(3), 586–598. https://doi.org/10.1037/0022-

3514.41.3.586 

Barraquand, F., Ezard, T. H. G., Jørgensen, P. S., Zimmerman, N., Chamberlain, 

S., Salguero-Gómez, R., Curran, T. J., & Poisot, T. (2014). Lack of 

quantitative training among early-career ecologists: a survey of the problem 

and potential solutions. PeerJ, 2, e285. https://doi.org/10.7717/peerj.285 

Barron, P., Cord, L., Cuesta, J., Espinoza, S. A., Larson, G., & Woolcock, M. 

(2023). Social Sustainability and the Development Process: What Is It, Why 

Does It Matter, and How Can It Be Enhanced? (No. 10487). 

https://documents1.worldbank.org/curated/en/099741206152335619/pdf/ID

U07170b25f089b00406f0b6a40c67d0a1670b5.pdf 

 

https://doi.org/10.1038/s41598-024-61315-9


322 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Basri, H., Manfarizah, & Prayudi, H. C. (2022). Analysis of water pollution index 

around gold mining in the downstream of Krueng Kluet sub-watershed. IOP 

Conference Series: Earth and Environmental Science, 951(1), 012050. 

https://doi.org/10.1088/1755-1315/951/1/012050 

Basri, Sakakibara, M., & Sera, K. (2020). Mercury in Soil and Forage Plants from 

Artisanal and Small-Scale Gold Mining in the Bombana Area, Indonesia. 

Toxics, 8(1), 15. https://doi.org/10.3390/toxics8010015 

Basu, S. J., & Calabrese Barton, A. (2009). Critical physics agency: further 

unraveling the intersections of subject matter knowledge, learning, and taking 

action. Cultural Studies of Science Education, 4(2), 387–392. 

https://doi.org/10.1007/s11422-008-9155-4 

Bayram, J. D., Evagorou, M., Shwartz, Y., & Akaygun, S. (2022). Science 

Education for Citizenship through Socio-Scientific Issues. Frontiers in 

Education, 7. https://doi.org/10.3389/feduc.2022.1011576 

Beard, C. (2018). Dewey in the World of Experiential Education. New Directions 

for Adult and Continuing Education, 2018(158), 27–37. https://doi.org/ 

10.1002/ace.20276 

Beattie, E. (2019). Collaborative Reflective Inquiry as Garden Eco-Pedagogy. 

Proceedings of the 2019 AERA Annual Meeting. https://doi.org/10.3102/ 

1431512 

Becker-Klein, R., Peterman, K., & Stylinski, C. (2016). Embedded assessment as 

an essential method for understanding public engagement in citizen science. 

Citizen Science: Theory and Practice, 1(1), 8. https://doi.org/10.5334/cstp.15 

Begum, A., Jingwei, L., Marwat, I. U. K., Khan, S., Han, H., & Ariza-Montes, A. 

(2021). Evaluating the Impact of Environmental Education on Ecologically 

Friendly Behavior of University Students in Pakistan: The Roles of 

Environmental Responsibility and Islamic Values. Sustainability, 13(18), 

10188. https://doi.org/10.3390/su131810188 

Bela, G., Peltola, T., Young, J. C., Balázs, B., Arpin, I., Pataki, G., Hauck, J., 

Kelemen, E., Kopperoinen, L., Van Herzele, A., Keune, H., Hecker, S., 

Suškevičs, M., Roy, H. E., Itkonen, P., Külvik, M., László, M., Basnou, C., 

Pino, J., & Bonn, A. (2016). Learning and the transformative potential of 

citizen science. Conservation Biology, 30(5), 990–999. https://doi.org/ 

10.1111/cobi.12762 

Bendel, C., Toledo, D., Hovick, T., & McGranahan, D. (2020). Using Behavioral 

Change Models to Understand Private Landowner Perceptions of Prescribed 

Fire in North Dakota. Rangeland Ecology & Management, 73(1), 194–200. 

https://doi.org/10.1016/j.rama.2019.08.014 

Bendt, P., Barthel, S., & Colding, J. (2013). Civic greening and environmental 

learning in public-access community gardens in Berlin. Landscape and 

Urban Planning, 109(1), 18–30. https://doi.org/10.1016/j.landurbplan. 

2012.10.003 

Bicalho, T., & Silva, C. (2019). Planning for Cycling: Examining Planners’ 

Attitudes Towards the Cycling Potential of Their City. Transportation 

Research Procedia, 41, 750–761. https://doi.org/10.1016/j.trpro.2019.09.124 

 



323 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Bilianska, M., & Yaroshenko, O. (2020). Ability to Foster Schoolchildren’s 

Ecological Literacy as a Result of Prospective Biology Teachers’ 

Professional Training. Problems of Education in the 21st Century, 78(6), 

907–919. https://doi.org/10.33225/pec/20.78.907 

Bond, T. G., & Fox, C. M. (2015). Applying the Rasch Model Fundamental 

Measurement in the Human Sciences (Third Edition). Routledge. 

https://doi.org/https://doi.org/10.4324/9781315814698 

Bonney, P., Murphy, A., Hansen, B., & Baldwin, C. (2020). Citizen science in 

Australia’s waterways: Investigating linkages with catchment decision-

making. Australasian Journal of Environmental Management, 27(2), 200–

223. https://doi.org/10.1080/14486563.2020.1741456 

Bonney, R., Cooper, C. B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K. 

V., & Shirk, J. (2009). Citizen Science: A Developing Tool for Expanding 

Science Knowledge and Scientific Literacy. BioScience, 59(11), 977–984. 

https://doi.org/10.1525/bio.2009.59.11.9 

Bonney, R., Phillips, T. B., Ballard, H. L., & Enck, J. W. (2016). Can citizen science 

enhance public understanding of science? Public Understanding of Science, 

25(1), 2–16. https://doi.org/10.1177/0963662515607406 

Boone, W. J., Staver, J. R., & Yale, M. S. (2014). Rasch Analysis in the Human 

Sciences. Springer Netherlands. https://doi.org/10.1007/978-94-007-6857-4 

Boss, S., & Krauss, J. (2018). Reinventing Project Based Learning Your Field 

Guide to Real-World Projects in the Digital Age (3rd ed.). International 

Society for Technology in Education. 

Botta‐Dukát, Z., Kovács, B., & Gyalus, A. (2022). Oversimplified models 

underestimate the role of local environmental filtering. Journal of Vegetation 

Science, 33(6). https://doi.org/10.1111/jvs.13154 

Bowser, G., & Cid, C. R. (2021). Developing the ecological scientist mindset 

among underrepresented students in ecology fields. Ecological Applications, 

31(6). https://doi.org/10.1002/eap.2348 

Brown, E. D., & Williams, B. K. (2019). The potential for citizen science to produce 

reliable and useful information in ecology. Conservation Biology, 33(3), 561–

569. https://doi.org/10.1111/cobi.13223 

Bruckermann, T., Lorke, J., Rafolt, S., Scheuch, M., Aristeidou, M., Ballard, H., 

Bardy-Durchhalter, M., Carli, E., Herodotou, C., Kelemen-Finan, J., 

Robinson, L., Swanson, R., Winter, S., & Kapelari, S. (2018). Learning 

Opportunities and Outcomes in Citizen Science: a Heuristic Model for Design 

and Evaluation. Par.Nsf.Gov, 889–898. https://par.nsf.gov/biblio/10213530 

Buchs, A., Calvo-Mendieta, I., Petit, O., & Roman, P. (2021). Challenging the 

Ecological Economics of Water: Social and Political Perspectives. Ecological 

Economics, 190, 107176. https://doi.org/10.1016/j.ecolecon.2021.107176 

Cai, Y., Zhang, H., Yuan, G., & Li, F. (2017). Sources, speciation and 

transformation of arsenic in the gold mining impacted Jiehe River, China. 

Applied Geochemistry, 84, 254–261. https://doi.org/10.1016/j.apgeochem. 

2017.07.001 

Cai, C., Shahbaz, P., & Haq, S. ul. (2025). Transforming students’ green behaviour 

through environmental education: The impact of institutional practices and 



324 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

policies. Frontiers in Psychology, 15, Article 1499781. https://doi.org/ 

10.3389/fpsyg.2024.1499781 

Caswell, B. A., Frid, C. L. J., & Borja, A. (2019). An ecological status indicator for 

all time: Are AMBI and M-AMBI effective indicators of change in deep time? 

Marine Pollution Bulletin, 140, 472–484. https://doi.org/10.1016/ 

j.marpolbul.2019.01.068 

Chamberlain, J. (2014). Groupsourcing: Problem Solving, Social Learning and 

Knowledge Discovery on Social Networks. Proceedings of the AAAI 

Conference on Human Computation and Crowdsourcing, 2, 65–66. 

https://doi.org/10.1609/hcomp.v2i1.13136 

Chao, S.-H., Jiang, J.-Z., Wei, K.-C., Ng, E., Hsu, C.-H., Chiang, Y.-T., & Fang, 

W.-T. (2021). Understanding Pro-Environmental Behavior of Citizen 

Science: An Exploratory Study of the Bird Survey in Taoyuan’s Farm Ponds 

Project. Sustainability, 13(9), 5126. https://doi.org/10.3390/su13095126 

Chari, R., Blumenthal, M., & Matthews, L. (2019). Community Citizen Science: 

From Promise to Action. RAND Corporation. https://doi.org/10.7249/ 

RR2763 

Chase, S. K., & Levine, A. (2018). Citizen Science: Exploring the Potential of 

Natural Resource Monitoring Programs to Influence Environmental Attitudes 

and Behaviors. Conservation Letters, 11(2). https://doi.org/10.1111/conl. 

12382 

Chen, C., An, Q., Zheng, L., & Guan, C. (2022). Sustainability literacy: Assessment 

of knowingness, attitude and behavior regarding sustainable development 

among students in China. Sustainability, 14(9), 4886. https://doi.org/10.3390/ 

su14094886 

Chen, M. (2015). An Examination of the Value-belief-Norm Theory Model in 

Predicting Pro-Environmental Behaviour in Taiwan: The Value-Belief-Norm 

(VBN) Theory Model in Predicting Pro-Environmental Behaviour. Asian 

Journal of Social Psychology, 18(2), 145–151. https://doi.org/10.1111/ajsp. 

12096 

Chetty, S., Pillay, L., & Humphries, M. S. (2021). Gold mining’s toxic legacy: 

Pollutant transport and accumulation in the Klip River catchment, 

Johannesburg. South African Journal of Science, 117(7/8). https://doi.org/ 

10.17159/sajs.2021/8668 

Chikowore, N. R. (2023). “Every Small Action Helps Towards the Greater Cause:” 

Online Communities Scaling Up Online Community-Led Citizen Science in 

Addressing Litter Challenges in Scotland. Citizen Science: Theory and 

Practice, 8(1), 55. https://doi.org/10.5334/cstp.579 

Chuang, S. (2021). The Applications of Constructivist Learning Theory and Social 

Learning Theory on Adult Continuous Development. Performance 

Improvement, 60(3), 6–14. https://doi.org/10.1002/pfi.21963 

Ciasullo, M. V., Manna, R., & Palumbo, R. (2019). Developing a taxonomy of 

citizen science projects in primary school. The TQM Journal, 31(6), 948–967. 

https://doi.org/10.1108/TQM-03-2019-0083 

Cigarini, A., Bonhoure, I., Vicens, J., & Perelló, J. (2022). Citizen science at public 

libraries: Data on librarians and users perceptions of participating in a citizen 



325 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

science project in Catalunya, Spain. Data in Brief, 40, 107713. 

https://doi.org/10.1016/j.dib.2021.107713 

Claudet, J., Bopp, L., Cheung, W. W. L., Devillers, R., Escobar-Briones, E., 

Haugan, P., Heymans, J. J., Masson-Delmotte, V., Matz-Lück, N., 

Miloslavich, P., Mullineaux, L., Visbeck, M., Watson, R., Zivian, A. M., 

Ansorge, I., Araujo, M., Aricò, S., Bailly, D., Barbière, J., … Gaill, F. (2020). 

A Roadmap for Using the UN Decade of Ocean Science for Sustainable 

Development in Support of Science, Policy, and Action. One Earth, 2(1), 34–

42. https://doi.org/10.1016/j.oneear.2019.10.012 

Cooke, J., Araya, Y., Bacon, K. L., Bagniewska, J. M., Batty, L. C., Bishop, T. R., 

Burns, M., Charalambous, M., Daversa, D. R., Dougherty, L. R., Dyson, M., 

Fisher, A. M., Forman, D., Garcia, C., Harney, E., Hesselberg, T., John, E. 

A., Knell, R. J., Maseyk, K., … Lewis, Z. (2021). Teaching and learning in 

ecology: A horizon scan of emerging challenges and solutions. Oikos, 130(1), 

15–28. https://doi.org/10.1111/oik.07847 

Cooper, C. B., Dickinson, J., Phillips, T., & Bonney, R. (2007). Citizen Science as 

a Tool for Conservation in Residential Ecosystems. Ecology and Society, 

12(2), art11. https://doi.org/10.5751/ES-02197-120211 

Correia, A. M., & Lopes, L. F. (2023). Revisiting Biodiversity and Ecosystem 

Functioning through the Lens of Complex Adaptive Systems. Diversity, 

15(8), 895. https://doi.org/10.3390/d15080895 

Coulıbaly, S. L., Zahui, F. M., Mangoua-Allali, L. C., Cherif, A., & Coulibaly, L. 

(2021). Artisanal Mining Practice and Physical Impacts on the Environment 

in the Ity-Floleu Gold Region, Côte d’Ivoire. International Journal of 

Environment and Climate Change, 17–31. https://doi.org/10.9734/ijecc/ 

2021/v11i1130513 

Courchamp, F., Dunne, J. A., Le Maho, Y., May, R. M., Thébaud, C., & Hochberg, 

M. E. (2015). Fundamental ecology is fundamental. Trends in Ecology and 

Evolution, 30(1), 9–16. https://doi.org/10.1016/j.tree.2014.11.005 

Cowan, J. H., & Likens, G. E. (1993). The Ecosystem Approach: Its Use and Abuse. 

In Estuaries (Vol. 16, Issue 4). https://doi.org/10.2307/1352451 

Craig, C. A., & Allen, M. W. (2015). The impact of curriculum-based learning on 

environmental literacy and energy consumption with implications for policy. 

Utilities Policy, 35, 41–49. https://doi.org/10.1016/j.jup.2015.06.011 

Crain, R., Cooper, C., & Dickinson, J. L. (2014). Citizen science: A tool for 

integrating studies of human and natural systems. Annual Review of 

Environment and Resources, 39, 641–665. https://doi.org/10.1146/annurev-

environ-030713-154609 

Craven, L. K. (2015). Migration-affected change and vulnerability in rural Vanuatu. 

Asia Pacific Viewpoint, 56(2), 223–236. https://doi.org/10.1111/apv.12066 

Creswell, J. W., & Creswell, J. D. (2018). Mixed methods procedures. In Research 

design: Qualitative, quantitative, and mixed methods approaches (5th ed). 

SAGE Publications, Inc. 

Crim, C., Moseley, C., & Desjean‐Perrotta, B. (2017). Strategies Toward the 

Inclusion of Environmental Education in Educator Preparation Programs: 

Results from a National Survey. School Science and Mathematics, 117(3–4), 



326 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

104–114. https://doi.org/10.1111/ssm.12211 

D’Souza, M. S., Karkada, S. N., Somayaji, G., & Venkatesaperumal, R. (2013). 

Women’s well-being and reproductive health in Indian mining community: 

need for empowerment. Reproductive Health, 10(1), 24. 

https://doi.org/10.1186/1742-4755-10-24 

Dada, D. O., Eames, C., & Calder, N. (2017). Impact of Environmental Education 

on Beginning Preservice Teachers’ Environmental Literacy. Australian 

Journal of Environmental Education, 33(3), 201–222. https://doi.org/ 

10.1017/aee.2017.27 

Davis, K., Akram, H., Meydani, A., Khan, B., & Ali, S. (2024). Socio-ecological 

tradeoffs between household wealth and water stress in global mining areas. 

https://doi.org/10.21203/rs.3.rs-4438652/v1 

De Lucia Lobo, F., Márcia Leão de Moraes Novo, E., Clemente Faria Barbosa, C., 

& Hugo Fernandes de Vasconcelos, V. (2019). Monitoring Water Siltation 

Caused by Small-Scale Gold Mining in Amazonian Rivers Using Multi-

Satellite Images. In Limnology - Some New Aspects of Inland Water Ecology. 

IntechOpen. https://doi.org/10.5772/intechopen.79725 

Sherbinin, A., Bowser, A., Chuang, T.-R., Cooper, C., Danielsen, F., Edmunds, R., 

Elias, P., Faustman, E., Hultquist, C., Mondardini, R., Popescu, I., Shonowo, 

A., & Sivakumar, K. (2021). The Critical Importance of Citizen Science Data. 

Frontiers in Climate, 3. https://doi.org/10.3389/fclim.2021 .650760 

Dean, A. J., Church, E. K., Loder, J., Fielding, K. S., & Wilson, K. A. (2018). How 

do marine and coastal citizen science experiences foster environmental 

engagement? Journal of Environmental Management, 213, 409–416. 

https://doi.org/10.1016/j.jenvman.2018.02.080 

Décamps, A., Allal-Chérif, O., & Gombault, A. (2021). Fostering Knowledge of 

the Sustainable Development Goals in Universities: The Case of Sulitest. 

Sustainability, 13(23), 13215. https://doi.org/10.3390/su132313215 

Décamps, A., Barbat, G., Carteron, J.-C., Hands, V., & Parkes, C. (2017). Sulitest: 

A collaborative initiative to support and assess sustainability literacy in higher 

education. The International Journal of Management Education, 15(2), 138–

152. https://doi.org/10.1016/j.ijme.2017.02.006 

Degraf, H., & Detzel, D. H. M. (2022). Influence of nonstationarity on reservoir 

storage-yield-reliability relationships. RBRH, 27. https://doi.org/10.1590/ 

2318-0331.272220220043 

Dethier, E. N., Sartain, S. L., & Lutz, D. A. (2019). Heightened levels and seasonal 

inversion of riverine suspended sediment in a tropical biodiversity hot spot 

due to artisanal gold mining. Proceedings of the National Academy of 

Sciences, 116(48), 23936–23941. https://doi.org/10.1073/pnas.1907842116 

Dethier, E. N., Silman, M., Leiva, J. D., Alqahtani, S., Fernandez, L. E., Pauca, P., 

Çamalan, S., Tomhave, P., Magilligan, F. J., Renshaw, C. E., & Lutz, D. A. 

(2023). A global rise in alluvial mining increases sediment load in tropical 

rivers. Nature, 620(7975), 787–793. https://doi.org/10.1038/s41586-023-

06309-9 

Dewey, J. (1910). How We Think. D.C. Heath & Company. https://books. 

google.co.id/books?id=WF0AAAAAMAAJ 



327 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Diamond, S., & Irwin, B. (2013). Using e-learning for student sustainability 

literacy: Framework and review. International Journal of Sustainability in 

Higher Education, 14(4), 338–348. https://doi.org/10.1108/IJSHE-09-2011-

0060 

Dickinson, J. L., Shirk, J., Bonter, D., Bonney, R., Crain, R. L., Martin, J., Phillips, 

T., & Purcell, K. (2012). The current state of citizen science as a tool for 

ecological research and public engagement. Frontiers in Ecology and the 

Environment, 10(6), 291–297. https://doi.org/10.1890/110236 

Diduck, A., Sinclair, A. J., Hostetler, G., & Fitzpatrick, P. (2012). Transformative 

learning theory, public involvement, and natural resource and environmental 

management. Journal of Environmental Planning and Management, 55(10), 

1311–1330. https://doi.org/10.1080/09640568.2011.645718 

Dindar, M., Järvelä, S., & Järvenoja, H. (2020). Interplay of metacognitive 

experiences and performance in collaborative problem solving. Computers & 

Education, 154, 103922. https://doi.org/10.1016/j.compedu.2020.103922 

Disinger, J. F., & Roth, C. E. (1992). Environmental education research news. The 

Environmentalist, 12(3), 165–168. https://doi.org/10.1007/BF01267599 

Domingo, J. G. (2021). Cognitive Skills Achievement in Mathematics of the 

Elementary Pre-Service Teachers Using Piaget’s Seven Logical Operations. 

Turkish Journal of Computer and Mathematics Education (TURCOMAT), 

12(4), 435–440. https://doi.org/10.17762/turcomat.v12i4.524 

Dong, K., Chen, Z., Li, Y., Hou, G., & Liu, Z. (2023). Comparing the Effectiveness 

of Biodiversity Conservation across Different Regions at County Scale. 

Diversity, 15(10), 1043. https://doi.org/10.3390/d15101043 

Dosemagen, S., & Parker, A. (2018). Citizen Science Across a Spectrum: Building 

Partnerships to Broaden the Impact of Citizen Science. Science & Technology 

Studies, 24–33. https://doi.org/10.23987/sts.60419 

Dowell, N., Lin, Y., Godfrey, A., & Brooks, C. (2020). Exploring the Relationship 

between Emergent Sociocognitive Roles, Collaborative Problem- Solving 

Skills and Outcomes: A Group Communication Analysis. Journal of 

Learning Analytics, 7(1). https://doi.org/10.18608/jla.2020.71.4 

Dunkley, R. (2023). Ecological kin‐making in the multispecies muddle: An 

analytical framework for understanding embodied environmental citizen 

science experiences. Transactions of the Institute of British Geographers, 

48(4), 781–796. https://doi.org/10.1111/tran.12613 

Durazzo, A., & Lucarini, M. (2021). Environmental, Ecological and Food 

Resources in the Biodiversity Overview: Health Benefits. Life, 11(11), 1228. 

https://doi.org/10.3390/life11111228 

Durmuş, E., & Kinaci, M. K. (2021). Opinions of Social Studies Teacher Education 

Students about the Impact of Environmental Education on Ecological 

Literacy. Review of International Geographical Education Online. 

https://doi.org/10.33403/rigeo.825516 

Dushkova, D., & Ivlieva, O. (2024). Empowering communities to act for a change: 

A review of the community empowerment programs towards sustainability 

and resilience. Sustainability, 16(19), 8700. https://doi.org/10.3390/ 

su16198700 



328 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Eberhart, J., Schäfer, F., & Bryce, D. (2023). Are metacognition interventions in 

young children effective? Evidence from a series of meta-analyses. 

https://doi.org/10.31234/osf.io/475br 

Edwards, P. M., Shaloum, G., & Bedell, D. (2018). A Unique Role for Citizen 

Science in Ecological Restoration: A Case Study in Streams. Restoration 

Ecology, 26(1), 29–35. https://doi.org/10.1111/rec.12622 

EEA. (2018). European waters assessment of status and pressures 2018. 

https://www.eea.europa.eu/publications/state-of-water 

Elkington, J. (1997). Cannibals with forks: The triple bottom line of 21st century 

business. Capstone Publishing Limited. 

Ephraim, K. A. (2019). Environmental Literacy Education: A Means for Curbing 

the Effect of Climate Change. African Research Review, 13(4), 144. 

https://doi.org/10.4314/afrrev.v13i4.13 

Erguvan, I. D. (2024). What difference does one course make? Assessing the impact 

of content-based instruction on students’ sustainability literacy. Humanities 

and Social Sciences Communications, 11(1), 708. https://doi.org/10.1057/ 

s41599-024-03149-4 

Esteban-Guitart, M. (2018). The Biosocial Foundation of the Early Vygotsky: 

Educational Psychology before the Zone of Proximal Development. History 

of Psychology, 21(4), 384–401. https://doi.org/10.1037/hop0000092 

Eswarlal, V. K., Vasudevan, G., Dey, P. K., & Vasudevan, P. (2014). Role of 

community acceptance in sustainable bioenergy projects in India. Energy 

Policy, 73, 333–343. https://doi.org/10.1016/j.enpol.2014.04.019 

Evans, C., Abrams, E., Reitsma, R., Roux, K., Salmonsen, L., & Marra, P. P. 

(2005). The Neighborhood Nestwatch Program: Participant Outcomes of a 

Citizen‐Science Ecological Research Project. Conservation Biology, 19(3), 

589–594. https://doi.org/10.1111/j.1523-1739.2005.00s01.x 

Fadeev, A. (2019). Vygotsky’s theory of mediation in digital learning environment: 

Actuality and practice. Punctum. International Journal of Semiotics, 5(1), 

24–44. https://doi.org/10.18680/hss.2019.0004 

Feng, J., Tian, X., Dong, S., He, R., Zhang, K., Zhang, D., & Zhang, Q. (2017). 

Model-based analysis of the energy fluxes and trophic structure of a Portunus 

trituberculatus polyculture ecosystem. Aquaculture Environment 

Interactions, 9, 479–490. https://doi.org/10.3354/aei00247 

Ferguson, T., & Roofe, C. G. (2020). SDG 4 in higher education: challenges and 

opportunities. International Journal of Sustainability in Higher Education, 

21(5), 959–975. https://doi.org/10.1108/IJSHE-12-2019-0353 

Fikri, E., Firmansyah, Y. W., Afifah, A. S., & Fauzi, M. (2023). The Existence of 

Artisanal Small-Scale Gold Mining in Indonesia, The Impact of Public Health 

and Environmental Sustainability : A Narrative Review. Jurnal Kesehatan 

Lingkungan, 15(2), 99–108. https://doi.org/10.20473/jkl.v15i2.2023.99-108 

Fischer, A., Dinnie, E., Ellis, R., Eastwood, A., Carter, A., & Welsh, G. (2021). 

Exploring the Potential of Citizen Social Science for Environmental and 

Sustainability Research: Experiences of and with Community-Based 

Researchers. Citizen Science: Theory and Practice, 6(1), 17. 

https://doi.org/10.5334/cstp.389 



329 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Follett, R., & Strezov, V. (2015). An analysis of citizen science based research: 

Usage and publication patterns. PLoS ONE, 10(11), 1–14. https://doi.org/ 

10.1371/journal.pone.0143687 

Fraisl, D., Campbell, J., See, L., Wehn, U., Wardlaw, J., Gold, M., Moorthy, I., 

Arias, R., Piera, J., Oliver, J. L., Masó, J., Penker, M., & Fritz, S. (2020). 

Mapping citizen science contributions to the UN sustainable development 

goals. Sustainability Science, 15(6), 1735–1751. https://doi.org/10.1007/ 

s11625-020-00833-7 

Fraisl, D., Hager, G., Bedessem, B., Gold, M., Hsing, P. Y., Danielsen, F., 

Hitchcock, C. B., Hulbert, J. M., Piera, J., Spiers, H., Thiel, M., & Haklay, 

M. (2022). Citizen science in environmental and ecological sciences. Nature 

Reviews Methods Primers, 2(1). https://doi.org/10.1038/s43586-022-00144-

4 

Frigerio, D., Pipek, P., Kimmig, S., Winter, S., Melzheimer, J., Diblíková, L., 

Wachter, B., & Richter, A. (2018). Citizen science and wildlife biology: 

Synergies and challenges. Ethology, 124(6), 365–377. https://doi.org/ 

10.1111/eth.12746 

Fu, P., Li, Z., Feng, J., & Bian, Z. (2018). Recovery of Gold and Iron from Cyanide 

Tailings with a Combined Direct Reduction Roasting and Leaching Process. 

Metals, 8(7), 561. https://doi.org/10.3390/met8070561 

G3E, G. D. et D. D. l’eau. (2016). Environmental Problem Solving. 

https://www.g3e-ewag.ca/documents/fiches_pedagogiques/fiche7_ang.pdf 

Gačić, J., & Ćesarević, J. (2021). Education for Sustainable Development and 

Ecological Security – New Perspectives in Security Culture. Kultura Polisa, 

(2021), special edition (1), 97–113. https://doi.org/10.51738/Kpolisa2021. 

18.1p.1.07 

Gallay, M., Martinez, J., Allo, S., Mora, A., Cochonneau, G., Gardel, A., Doudou, 

J., Sarrazin, M., Chow‐Toun, F., & Laraque, A. (2018). Impact of land 

degradation from mining activities on the sediment fluxes in two large rivers 

of <scp>French Guiana</scp>. Land Degradation & Development, 29(12), 

4323–4336. https://doi.org/10.1002/ldr.3150 

Garcia, C., Greenfield, P. M., Montiel-Acevedo, D., Vidaña-Rivera, T., & 

Colorado, J. (2017). Implications of 43 Years of Sociodemographic Change 

in Mexico for the Socialization of Achievement Behavior: Two Quasi-

Experiments. Journal of Cross-Cultural Psychology, 48(4), 611–619. 

https://doi.org/10.1177/0022022117698573 

Genthe, B., Kapwata, T., Le Roux, W., Chamier, J., & Wright, C. Y. (2018). The 

reach of human health risks associated with metals/metalloids in water and 

vegetables along a contaminated river catchment: South Africa and 

Mozambique. Chemosphere, 199, 1–9. https://doi.org/10.1016/ 

j.chemosphere.2018.01.160 

Gericke, N., Boeve‐de Pauw, J., Berglund, T., & Olsson, D. (2019). The 

Sustainability Consciousness Questionnaire: The theoretical development 

and empirical validation of an evaluation instrument for stakeholders working 

with sustainable development. Sustainable Development, 27(1), 35–49. 

https://doi.org/10.1002/sd.1859 



330 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Gerson, J. R., Driscoll, C. T., Hsu-Kim, H., & Bernhardt, E. S. (2018). Senegalese 

artisanal gold mining leads to elevated total mercury and methylmercury 

concentrations in soils, sediments, and rivers. Elementa: Science of the 

Anthropocene, 6. https://doi.org/10.1525/elementa.274 

Gesthuizen, R., Tan, H., & Kidman, G. (2024). Inspired to build understanding: 

learning about sustainability and environmental education from within a 

virtual world. International Research in Geographical and Environmental 

Education, 1–18. https://doi.org/10.1080/10382046.2024.2348265 

Ghazoul, J. (2020). Ecology: A Very Short Introduction. Oxford University Press. 

https://doi.org/10.1093/actrade/9780198831013.001.0001 

Giancola, M., Pino, M. C., & D’Amico, S. (2021). Exploring the Psychosocial 

Antecedents of Sustainable Behaviors through the Lens of the Positive Youth 

Development Approach: A Pioneer Study. Sustainability, 13(22), 12388. 

https://doi.org/10.3390/su132212388 

Gibb, H., & O’Leary, K. G. (2014). Mercury Exposure and Health Impacts among 

Individuals in the Artisanal and Small-Scale Gold Mining Community: A 

Comprehensive Review. Environmental Health Perspectives, 122(7), 667–

672. https://doi.org/10.1289/ehp.1307864 

Gomez, F. H., Pelegri, N., Lopez, J. G., Torres, K. C., & Vaccari, M. (2024). Impact 

of Artisanal Gold Mining in Community Conserved Areas with High 

Biodiversity Using a Multi-Criteria Approach: A Case Study in Colombia. 

Pollutants, 4(2), 276–290. https://doi.org/10.3390/pollutants4020018 

Gonçalves-Souza, T., Alves, R. R. N., Albuquerque, U. P., & Júnior, W. S. F. 

(Eds.). (2022). Integrating Traditional Ecological Knowledge into Ecology, 

Evolution, and Conservation. Frontiers Media SA. https://doi.org/ 

10.3389/978-2-83250-148-1 

Goudarzi, F., Hedayatiaghmashhadi, A., Kazemi, A., & Fürst, C. (2022). Optimal 

Location of Water Quality Monitoring Stations Using an Artificial Neural 

Network Modeling in the Qarah-Chay River Basin, Iran. Water, 14(6), 870. 

https://doi.org/10.3390/w14060870 

Grandisoli, E., & Jacobi, P. R. (2020). Sustainability Pedagogy: Effects and Impacts 

on High School Students’ Knowledge, Behaviour Intention and Actual 

Behaviour about Sustainability. World Journal of Education, 10(6), 23. 

https://doi.org/10.5430/wje.v10n6p23 

Greving, H., Bruckermann, T., Schumann, A., Straka, T. M., Lewanzik, D., Voigt-

Heucke, S. L., Marggraf, L., Lorenz, J., Brandt, M., Voigt, C. C., Harms, U., 

& Kimmerle, J. (2022). Improving Attitudes and Knowledge in a Citizen 

Science Project about Urban Bat Ecology. Ecology and Society, 27(2), art24. 

https://doi.org/10.5751/ES-13272-270224 

Griswold, W., Patel, M., & Gnanadass, E. (2024). ‘One Person Cannot Change It; 

It’s Going to Take a Community’: Addressing Inequity through Community 

Environmental Education. Adult Learning, 35(1), 23–33. https://doi.org/ 

10.1177/10451595221145206 

Groulx, M., Brisbois, M. C., Lemieux, C. J., Winegardner, A., & Fishback, L. 

(2017). A Role for Nature-Based Citizen Science in Promoting Individual and 

Collective Climate Change Action? A Systematic Review of Learning 



331 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Outcomes. Science Communication, 39(1), 45–76. https://doi.org/10.1177/ 

1075547016688324 

Gubernur Nusa Tenggara Barat. (2020). Peraturan Gubernur Nusa Tenggara Barat 

Nomor 64 Tahun 2020 tentang: Rencana Aksi Daerah Pengurangan dan 

Penghapusan Merkuri. https://jdih.ntbprov.go.id/sites/default/files/produk_ 

hukum/Pergub 64 th 2020.pdf 

Güner, P., & Erbay, H. N. (2021). Metacognitive Skills and Problem-Solving. 

International Journal of Research in Education and Science, 715–734. 

https://doi.org/10.46328/ijres.1594 

Ha, C., Huang, G., Zhang, J., & Dong, S. (2022). Assessing ecological literacy and 

its application based on linguistic ecology: a case study of Guiyang City, 

China. Environmental Science and Pollution Research, 29(13), 18741–

18754. https://doi.org/10.1007/s11356-021-16753-7 

Hadis, S., Tesfaye, M., & Hailu, S. (2019). River Pollution in Ethiopia: An 

Exploratory Assessment of the Causes and Effects on Environmental 

Sustainability. Social Sciences, 8(5), 226. https://doi.org/10.11648/j.ss. 

20190805.13 

Häggström, M., & Schmidt, C. (2020). Enhancing children’s literacy and ecological 

literacy through critical place-based pedagogy. Environmental Education 

Research, 26(12), 1729–1745. https://doi.org/10.1080/13504622.2020. 

1812537 

Hajek, P. (2023). Sustainability Perspective in fib MC2020: Contribution of 

Concrete Structures to Sustainability. Structural Concrete, 24(4), 4352–4361. 

https://doi.org/10.1002/suco.202300022 

Hanna, D. E. L., Tomscha, S. A., Ouellet Dallaire, C., & Bennett, E. M. (2018). A 

review of Riverine Eservice Qquantification: Research Gaps and 

Recommendations. Journal of Applied Ecology, 55(3), 1299–1311. 

https://doi.org/10.1111/1365-2664.13045 

Hardiyana, M. R., & Maemonah, M. (2023). The effect of the application of Albert 

Bandura’s behaviorism theory on the motivation and learning outcomes. 

Jurnal Fundadikdas (Fundamental Pendidikan Dasar), 6(2), 93–110. 

https://doi.org/10.12928/fundadikdas.v6i2.8191 

Harris, E., & Ballard, H. (2018). Real Science in the palm of your hand. Science 

and Children, 55(8), 31–37. https://doi.org/10.2505/4/sc18_055_08_31 

Hartoyo, D., Soeparjo, A. H., Alamsyah, A. T., & Herlambang, A. (2016). The 

Aspect of Social, Economic, Cultural and Public Health after Ten Years of 

Mining Closure Activities. Proceedings of the 1st UPI International 

Conference on Sociology Education (UPI ICSE 2015), 275–279. 

https://doi.org/10.2991/icse-15.2016.59 

Hasiloglu, M. A., & Kunduraci, A. (2018). A Research Study on Identifying the 

Correlation between Fourth Graders’ Attitudes and Behaviors toward the 

Environment. International Education Studies, 11(6), 60. 

https://doi.org/10.5539/ies.v11n6p60 

Haywood, B. K., Parrish, J. K., & Dolliver, J. (2016). Place‐based and Data‐rich 

Citizen Science as a Precursor for Conservation Action. Conservation 

Biology, 30(3), 476–486. https://doi.org/10.1111/cobi.12702 



332 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Heigl, F., & Zaller, J. G. (2014). Using a Citizen Science Approach in Higher 

Education: a Case Study reporting Roadkills in Austria. Human Computation, 

1(2). https://doi.org/10.15346/hc.v1i2.7 

Heinrich, W. F., Habron, G. B., Johnson, H. L., & Goralnik, L. (2015). Critical 

Thinking Assessment Across Four Sustainability-Related Experiential 

Learning Settings. Journal of Experiential Education, 38(4), 373–393. 

https://doi.org/10.1177/1053825915592890 

Helga, T. (2023). Persepsi Calon Guru Biologi terhadap Isu-Isu Kelestarian 

Lingkungan di UIN Raden Intan Lampung [UIN Raden Intan Lampung]. 

https://repository.radenintan.ac.id/31001/ 

Hemenway, A. N., & DuBois, D. L. (2022). A Scoping Review of the Use of Social 

and Behavioral Change in Acute Care Antimicrobial Stewardship Initiatives. 

Hospital Pharmacy, 57(1), 138–145. https://doi.org/10.1177/001857872 

1990887 

Heymans, J. J., Coll, M., Libralato, S., Morissette, L., & Christensen, V. (2014). 

Global Patterns in Ecological Indicators of Marine Food Webs: A Modelling 

Approach. PLoS ONE, 9(4), e95845. https://doi.org/10.1371/journal.pone. 

0095845 

Higgins, J. W., Begoray, D., & MacDonald, M. (2009). A social ecological 

conceptual framework for understanding adolescent health literacy in the 

health education classroom. American Journal of Community Psychology, 

44(3), 350–362. https://doi.org/10.1007/s10464-009-9270-8 

Hmelo-Silver, C. E., Chernobilsky, E., & Jordan, R. (2008). Understanding 

Collaborative Learning Processes in New Learning Environments. 

Instructional Science, 36(5–6), 409–430. https://doi.org/10.1007/s11251-

008-9063-8 

Hollweg, K. S., Taylor, J. R., Bybee, R. W., Marcinkowski, T. J., McBeth, W. C., 

& Zoido, P. (2011). Developing a Framework For Assessing Environmental 

Literacy. Washington. http://www.naaee.net 

Hong, Y., Al Mamun, A., Masukujjaman, M., & Yang, Q. (2024). Significance of 

the environmental value-belief-norm model and its relationship to green 

consumption among Chinese youth. Asia Pacific Management Review, 29(1), 

127–140. https://doi.org/10.1016/j.apmrv.2023.10.002 

Hong, Y., & Choi, I. (2015). Assessing reflective thinking in solving design 

problems: The development of a questionnaire. British Journal of 

Educational Technology, 46(4), 848–863. https://doi.org/10.1111/bjet.12181 

Hopwood, C. J., Schwaba, T., Milfont, T. L., Sibley, C. G., & Bleidorn, W. (2022). 

Personality change and sustainability attitudes and behaviors. European 

Journal of Personality, 36(5), 750–770. https://doi.org/10.1177/089020702 

11016260 

Hossain, M. S., Basak, S. M., Amin, M. N., Anderson, C. C., Cremin, E., & Renaud, 

F. G. (2024). Social-ecological systems approach for adaptation to climate 

change. Sustainable Development, 32(3), 2766–2778. https://doi.org/ 

10.1002/sd.2801 

Hounshell, A. G., Farrell, K. J., & Carey, C. C. (2021). Macrosystems EDDIE 

Teaching Modules Increase Students’ Ability to Define, Interpret, and Apply 



333 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Concepts in Macrosystems Ecology. Education Sciences, 11(8), 382. 

https://doi.org/10.3390/educsci11080382 

Hsing, S. T. (2020). Resilience for Whom? A Case Study of Taiwan Indigenous 

People’s Struggle in the Pursuit of Social-Ecological Resilience. 

Sustainability, 12(18), 7472. https://doi.org/10.3390/su12187472 

Hsu, C.-H. (2021). Environmental Education: Revealing Some Current Problems 

from Personal Opinion. Technium Social Sciences Journal, 22, 113–116. 

https://doi.org/10.47577/tssj.v22i1.4200 

Hsu, C.-H., Chang, Y.-M., & Liu, C.-C. (2019). Can Short-Term Citizen Science 

Training Increase Knowledge, Improve Attitudes, and Change Behavior to 

Protect Land Crabs? Sustainability, 11(14), 3918. 

https://doi.org/10.3390/su11143918 

Hsu, C.-H., Lin, T.-E., Fang, W.-T., & Liu, C.-C. (2018). Taiwan Roadkill 

Observation Network: An Example of a Community of Practice Contributing 

to Taiwanese Environmental Literacy for Sustainability. Sustainability, 

10(10), 3610. https://doi.org/10.3390/su10103610 

Huffling, L. D., & Scott, H. C. (2021). Using Critical Environmental Agency to 

Engage Teachers in Local Watersheds through Water Quality Citizen 

Science. Water, 13(2), 205. https://doi.org/10.3390/w13020205 

Huneman, P. (2019). Between Explanans and Explanandum: Biodiversity and the 

Unity of Theoretical Ecology (pp. 269–296). https://doi.org/10.1007/978-3-

030-10991-2_13 

Ikhsan, F., Kurnianto, F., Apriyanto, B., & Nurdin, E. (2019). The Effectivity of 

Environmental Education in Scaffolding Students’ Ecological Literacy. 

Jurnal Pendidikan IPA Indonesia, 8(3). 

https://doi.org/10.15294/jpii.v8i3.14522 

Ilker, U., Nurettin, Y., & Suleyman, B. (2015). The effect of recycling education 

on high school students conceptual understanding about ecology: A study on 

matter cycle. Educational Research and Reviews, 10(16), 2207–2215. 

https://doi.org/10.5897/ERR2015.2386 

Incesu, O., & Yas, M. A. (2024). The relationship between nursing students’ 

environmental literacy and awareness of Global Climate Change. Public 

Health Nursing, 41(1), 67–76. https://doi.org/10.1111/phn.13255 

Ishom, M., Sucipto, Zulkarnain, Raharjo, K. M., & Haidar, M. (2023). Facilitative 

Learning Strategies in Community Empowerment Programs Originated on 

Local Literature Skills in Realizing Community-Centralized Sustainable 

Development. In Proceedings of the International Conference on 

Educational Management and Technology (ICEMT 2022) (pp. 373–379). 

Atlantis Press SARL. https://doi.org/10.2991/978-2-494069-95-4_44 

Ismawati, Y., Petrlik, J., & DiGangi, J. (2013). Titik Rawan Merkuri di Indonesia 

Situs PESK: Poboya dan Sekotong di Indonesia Laporan Kampanye Bebas 

Merkuri IPEN. https://ipen.org/sites/default/files/t/hgmonitoring/pdfs/ 

indonesia-report-id.pdf 

Isnawati, I., Sriyati, S., Agustin, R. R., Supriyadi, S., Kasi, Y. F., & Ismail, I. 

(2024). Analysis of Question Difficulty Levels Based on Science Process 

Skills Indicators Using the Rasch Model. Tadris: Jurnal Keguruan Dan Ilmu 



334 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Tarbiyah, 9(1), 31. https://doi.org/10.24042/tadris.v9i1.22410 

Iyer-Raniga, U., & Andamon, M. M. (2016). Transformative Learning: Innovating 

Sustainability Education in Built Environment. International Journal of 

Sustainability in Higher Education, 17(1), 105–122. https://doi.org/10.1108/ 

IJSHE-09-2014-0121 

J Udo, P. (2017). Biodiversity of Fishery Resources of the Cross River System: 

Implication for Conservation and Management. Journal of Aquaculture & 

Marine Biology, 6(3). https://doi.org/10.15406/jamb.2017.06.00154 

Jagers, S. C., Matti, S., Poelzer, G., & Yu, S. (2018). The Impact of Local 

Participation on Community Support for Natural Resource Management: The 

Case of Mining in Northern Canada and Northern Sweden. Arctic Review on 

Law and Politics, 9, 124–147. https://doi.org/10.23865/arctic.v9.730 

Janmaimool, P., & Khajohnmanee, S. (2019). Roles of Environmental System 

Knowledge in Promoting University Students’ Environmental Attitudes and 

Pro-Environmental Behaviors. Sustainability, 11(16), 4270. https://doi.org/ 

10.3390/su11164270 

Jax, K. (2011). History of Ecology. ELS, January, 2005–2010. 

https://doi.org/10.1002/9780470015902.a0003084.pub2 

Jena, F.-S.-U. (2019). Ernst Haeckel: Pioneer of modern science. 

https://www.sciencedaily.com/releases/2019/05/190517115122.htm#:~:text

=Evolutionary biologist Ernst Haeckel became,our modern understanding of 

ecology. 

Jia, J., Gao, Y., Song, X., & Chen, S. (2019). Characteristics of phytoplankton 

community and water net primary productivity response to the nutrient status 

of the Poyang Lake and Gan River, China. Ecohydrology, 12(7). 

https://doi.org/10.1002/eco.2136 

Jonassen, D. H. (2010). Learning to Solve Problems: A Handbook for Designing 

Problem-Solving Learning Environments. Routledge. https://doi.org/ 

10.4324/9780203847527 

Jordan, R. C., Gray, S. A., Howe, D. V., Brooks, W. R., & Ehrenfeld, J. G. (2011). 

Knowledge Gain and Behavioral Change in Citizen-Science Programs. 

Conservation Biology, 25(6), 1148–1154. https://doi.org/10.1111/j.1523-

1739.2011.01745.x 

Jørgensen, F. A., & Jørgensen, D. (2021). Citizen science for environmental 

citizenship. Conservation Biology, 35(4), 1344–1347. 

https://doi.org/10.1111/cobi.13649 

Julio C. L. A. (2023). Sustainable Management of Waste Generated in Artisanal 

Gold Mining in Ecuador. Russian Law Journal, 11(9s), 630–638. 

https://doi.org/10.52783/rlj.v11i9s.1809 

Junaidi, A. (2020). Panduan Penyusunan Kurikulum Pendidikan Tinggi di Era 

Industri 4.0 untuk mendukung Merdeka Belajar Kampus Merdeka (S. S. 

Kusumawardani (Ed.)). Direktorat Jenderal Pendidikan Tinggi Kementerian 

Pendidikan dan Kebudayaan. 

Junaidi, M., Krisnayanti, B. D., Juharfa, & Anderson, C. (2019). Risk of Mercury 

Exposure from Fish Consumption at Artisanal Small-Scale Gold Mining 

Areas in West Nusa Tenggara, Indonesia. Journal of Health and Pollution, 



335 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

9(21). https://doi.org/10.5696/2156-9614-9.21.190302 

Kadji-Beltrán, C. (2024). Enhancing Sustainability Teaching Competence in 

Preschool Teacher Education Using Living Labs. Sustainability, 16(7), 2781. 

https://doi.org/10.3390/su16072781 

Kanda, A., Ncube, F., & Takura, R. (2017). Potential ecological risk assessment of 

a stream in Shamva, Zimbabwe. Environment, Earth and Ecology, 1(1), 67–

80. https://doi.org/10.24051/eee/68608 

Kang, S. H. K. (2016). Spaced Repetition Promotes Efficient and Effective 

Learning. Policy Insights from the Behavioral and Brain Sciences, 3(1), 12–

19. https://doi.org/10.1177/2372732215624708 

Karakaya, F., Avgin, S. S., & Yilmaz, M. (2017). Environmental Literacy 

Dimensions of Pre-Service Teachers. Üniversitepark Bülten, 6(1), 95–108. 

https://doi.org/10.22521/unibulletin.2017.61.8 

Karyanto, P., Oetomo, D., Nuri, T., Fudolla, U., Hidayat, N., & Lhota, S. (2023). 

Connecting student to the ecology: content knowledge for conservation 

education in Indonesia. IOP Conference Series: Earth and Environmental 

Science, 1180(1), 012025. https://doi.org/10.1088/1755-1315/1180/1/012025 

Katsumi, A., Hoshino, H., Fujimoto, S., & Niwa, S.-I. (2015). Efficacy of Cognitive 

Remediation in Schizophrenia: A Short Review of Its Variable Effects 

According to Cognitive Domain. Open Journal of Psychiatry, 05(02), 170–

176. https://doi.org/10.4236/ojpsych.2015.52019 

Kaya, V. H., & Elster, D. (2019a). A Critical Consideration of Environmental 

Literacy: Concepts, Contexts, and Competencies. Sustainability, 11(6), 1581. 

https://doi.org/10.3390/su11061581 

Kaya, V. H., & Elster, D. (2019b). Dimensions Affecting Environmental Literacy, 

and Environmental Perceptions Influencing Science Literacy. International 

E-Journal of Educational Studies, 3(6), 70–77. https://doi.org/10.31458/ 

iejes.512201 

Keller, E., Eisen, C., & Hanss, D. (2019). Lessons Learned From Applications of 

the Stage Model of Self-Regulated Behavioral Change: A Review. Frontiers 

in Psychology, 10. https://doi.org/10.3389/fpsyg.2019.01091 

Kenneally, C. (2021). Initial findings from citizen science project leader focus 

groups. Learning by Doing. https://lbdscience.com/2021/12/16/initial-

findings-from-citizen-science-project-leader-focus-groups/ 

Kidman, G., & Casinader, N. (2019). Developing Teachers’ Environmental 

Literacy through Inquiry-based Practices. EURASIA Journal of Mathematics, 

Science and Technology Education, 15(6). https://doi.org/10.29333/ejmste/ 

103065 

Kim, H. J., Yi, P., & Ko, B. W. (2023). Deepening students’ experiences with 

problem identification and definition in an empathetic approach: lessons from 

a university design-thinking program. Journal of Applied Research in Higher 

Education, 15(3), 852–865. https://doi.org/10.1108/JARHE-03-2022-0083 

Kioupi, V., & Voulvoulis, N. (2022). Education for Sustainable Development as 

the Catalyst for Local Transitions Toward the Sustainable Development 

Goals. Frontiers in Sustainability, 3. https://doi.org/10.3389/frsus. 

2022.889904 



336 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

KKI Warsi. (2019). Kerusakan Ekosistem, Jambi Rugi Lebih Rp 17 T. Komunitas 

Konservasi Indonesia WARSI. https://warsi.or.id/id/kerusakan-ekosistem-

jambi-rugi-lebih-rp-17-t/ 

KKI Warsi. (2024). Refleksi 50 Tahun Hutan Jambi. Komunitas Konservasi 

Indonesia WARSI. https://warsi.or.id/id/refleksi-50-tahun-hutan-jambi/ 

Kobori, H., Dickinson, J. L., Washitani, I., Sakurai, R., Amano, T., Komatsu, N., 

Kitamura, W., Takagawa, S., Koyama, K., Ogawara, T., & Miller-Rushing, 

A. J. (2016). Citizen science: A new approach to advance ecology, education, 

and conservation. Ecological Research, 31(1), 1–19. https://doi.org/10.1007/ 

s11284-015-1314-y 

Kobori, H., Dickinson, J. L., Washitani, I., Sakurai, R., Amano, T., Komatsu, N., 

Kitamura, W., Takagawa, S., Koyama, K., Ogawara, T., & Miller‐Rushing, 

A. J. (2016). Citizen science: a new approach to advance ecology, education, 

and conservation. Ecological Research, 31(1), 1–19. https://doi.org/10.1007/ 

s11284-015-1314-y 

Koçak, E., Yalçin Çelik, A., & Uluyol, Ç. (2023). Pre-service Teachers’ 

Environmental Literacy: The Role of STEM-Based Environmental Education 

with Microcontrollers. Participatory Educational Research, 10(5), 233–247. 

https://doi.org/10.17275/per.23.84.10.5 

Koculu, A., & Girgin, S. (2022). The Effect of E-STEM Education on Students’ 

Perceptions and Engineering Design Process about Environmental Issues. 

World Journal of Education, 12(6), 49. https://doi.org/10.5430/wje.v12n6p49 

Koffler, S., Barbiéri, C., Ghilardi-Lopes, N. P., Leocadio, J. N., Albertini, B., 

Francoy, T. M., & Saraiva, A. M. (2021). A Buzz for Sustainability and 

Conservation: The Growing Potential of Citizen Science Studies on Bees. 

Sustainability, 13(2), 959. https://doi.org/10.3390/su13020959 

Kolodner, J. L., Krajcik, J. S., Edelson, D. C., Reiser, B. J., & Starr, M. L. (2016). 

Project-based inquiry science. Activate Learning. https://www.pbiscyberpd 

.org/ 

Kolodner, J. L., Zahm, B., & Demery, R. (2015). Project-Based Inquiry Science. In 

The Go-To Guide for Engineering Curricula, Grades 6–8: Choosing and 

Using the Best Instructional Materials for Your Students (pp. 122–139). 

SAGE Publications, Ltd. https://doi.org/10.4135/9781483385730.n11 

Krisnayanti, B. D. (2018). ASGM status in West Nusa Tenggara Province, 

Indonesia. Journal of Degraded and Mining Lands Management, 5(2), 1077–

1084. https://doi.org/10.15243/jdmlm.2018.052.1077 

La, J. J., Li, M., & Liu, X. (2024). The application of innovative ecosystems to build 

resilient communities in response to major public health events. Frontiers in 

Public Health, 12. https://doi.org/10.3389/fpubh.2024.1348718 

Laperche, V., Hellal, J., Maury-Brachet, R., Joseph, B., Laporte, P., Breeze, D., & 

Blanchard, F. (2014). Regional distribution of mercury in sediments of the 

main rivers of French Guiana (Amazonian basin). SpringerPlus, 3(1), 322. 

https://doi.org/10.1186/2193-1801-3-322 

Leal, F., W., Skanavis, C., Kounani, A., Brandli, L. L., Shiel, C., Paço, A. do, Pace, 

P., Mifsud, M., Beynaghi, A., Price, E., Salvia, A. L., Will, M., & Shula, K. 

(2019). The role of planning in implementing sustainable development in a 



337 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

higher education context. Journal of Cleaner Production, 235, 678–687. 

https://doi.org/10.1016/j.jclepro.2019.06.322 

Lee, C. (2021). Information Processing and Moral Problem Solving. Computational 

Economics, 57(3), 911–922. https://doi.org/10.1007/s10614-018-9801-1 

Lee, C. B., Koh, N. K., Cai, X. Le, & Quek, C. L. (2012). Children’s use of Meta-

Cognition in Solving Everyday Problems: Children’S Monetary 

Decisionmaking. Australian Journal of Education, 56(1), 22–39. 

https://doi.org/10.1177/000494411205600103 

Lee, J. S., Blackwell, S., Drake, J., & Moran, K. A. (2014). Taking a Leap of Faith: 

Redefining Teaching and Learning in Higher Education Through Project-

Based Learning. Interdisciplinary Journal of Problem-Based Learning, 8(2). 

https://doi.org/10.7771/1541-5015.1426 

Leiva-Brondo, M., Lajara-Camilleri, N., Vidal-Meló, A., Atarés, A., & Lull, C. 

(2022). Spanish University Students’ Awareness and Perception of 

Sustainable Development Goals and Sustainability Literacy. Sustainability, 

14(8), 4552. https://doi.org/10.3390/su14084552 

Lejarraga, T., Hertwig, R., & Gonzalez, C. (2012). How choice ecology influences 

search in decisions from experience. Cognition, 124(3), 334–342. 

https://doi.org/10.1016/j.cognition.2012.06.002 

Lemberger, M. E., Brigman, G., Webb, L., & Moore, M. M. (2012). Student 

Success Skills: An Evidence-based Cognitive and Social Change Theory for 

Student Achievement. Journal of Education, 192(2–3), 89–99. 

https://doi.org/10.1177/0022057412192002-311 

Lewandowski, E. J., & Oberhauser, K. S. (2016). Butterfly Citizen Science Projects 

Support Conservation Activities among their Volunteers. Citizen Science: 

Theory and Practice, 1(1), 6. https://doi.org/10.5334/cstp.10 

Lewinsohn, T. M., Attayde, J. L., Fonseca, C. R., Ganade, G., Jorge, L. R., 

Kollmann, J., Overbeck, G. E., Prado, P. I., Pillar, V. D., Popp, D., da Rocha, 

P. L. B., Silva, W. R., Spiekermann, A., & Weisser, W. W. (2015). Ecological 

literacy and beyond: Problem-based learning for future professionals. 

AMBIO, 44(2), 154–162. https://doi.org/10.1007/s13280-014-0539-2 

Li, Y., & Zhang, L. (2023). Collaborative Governance and Environmental 

Regulation Measures for Pollution Reduction and Carbon Reduction in the 

Yangtze River Basin under the “Double Carbon” Goal. Sustainability, 15(6), 

5094. https://doi.org/10.3390/su15065094 

Lin, C. F., Hung, Y. H., Chang, R. I., & Hung, S. H. (2014). Developing a problem-

solving learning system to assess the effects of different materials on learning 

performance and attitudes. Computers & Education, 77, 50–66. 

https://doi.org/10.1016/j.compedu.2014.04.007 

Lin, H. D. E., Newman, G. J., & Balgopal, M. M. (2023). What’s in a name? The 

paradox of citizen science and community science. Frontiers in Ecology and 

the Environment, 21(5), 244–250. https://doi.org/10.1002/fee.2635 

Liu, J., Hu, Z., Du, F., Tang, W., Zheng, S., Lu, S., An, L., & Ding, J. (2023). 

Environment education: A first step in solving plastic pollution. Frontiers in 

Environmental Science, 11. https://doi.org/10.3389/fenvs.2023.1130463 

Liu, L., & Tobias, G. R. (2024). The impact of environmental literacy on residents’ 



338 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

green consumption：Experimental evidence from China. Cleaner and 

Responsible Consumption, 12, 100165. https://doi.org/10.1016/j.clrc.2023. 

100165 

Liu, S., Bai, J., & Chen, J. (2019). Measuring SDG 15 at the County Scale: 

Localization and Practice of SDGs Indicators Based on Geospatial 

Information. ISPRS International Journal of Geo-Information, 8(11), 515. 

https://doi.org/10.3390/ijgi8110515 

López-Iñesta, E., Queiruga-Dios, M. Á., García-Costa, D., & Grimaldo, F. (2022). 

Citizen Science Projects: An opportunity for Scientific Literacy and 

Sustainability Education. Metode Science Studies Journal. 

https://doi.org/10.7203/metode.12.17824 

Loreau, M. (2010). Linking biodiversity and ecosystems: towards a unifying 

ecological theory. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 365(1537), 49–60. https://doi.org/10.1098/rstb.2009. 

0155 

Lorke, J., Ballard, H. L., Miller, A. E., Swanson, R. D., Pratt-Taweh, S., Jennewein, 

J. N., Higgins, L., Johnson, R. F., Young, A. N., Ghadiri Khanaposhtani, M., 

& Robinson, L. D. (2021). Step by step towards citizen science — 

deconstructing youth participation in BioBlitzes. Journal of Science 

Communication, 20(04), A03. https://doi.org/10.22323/2.20040203 

Love, A. C., Crooks, N., & Ford, A. T. (2020). The effects of wastewater effluent 

on multiple behaviours in the amphipod, Gammarus pulex. Environmental 

Pollution, 267, 115386. https://doi.org/10.1016/j.envpol.2020.115386 

Lu, J. (2021). On the role of global change science in sustainable development: 

Reflecting on Ye Duzheng’s contributions. Cultures of Science, 4(1), 55–62. 

https://doi.org/10.1177/20966083211001193 

Lüsse, M., Brockhage, F., Beeken, M., & Pietzner, V. (2022). Citizen science and 

its potential for science education. International Journal of Science 

Education, 44(7), 1120–1142. https://doi.org/10.1080/09500693.2022. 

2067365 

Mairiadi, N. (2023). Walhi: Kondisi Sungai Batanghari di Jambi Kian Tercemar 

dan Kotor. Antara Kantor Berita Indonesia. https://www.antaranews.com/ 

berita/3341421/walhi-kondisi-sungai-batanghari-di-jambi-kian-tercemar-

dan-kotor 

Mamola, R., Widagso, K., & Herdiansyah, H. (2024). Resilience Capability of 

Indigenous People Affected by Small-Scale Gold Mining Activities: A 

Prevention Approach. Sustainability, 16(5), 1759. 

https://doi.org/10.3390/su16051759 

Marcinkowski, T., & Reid, A. (2019). Reviews of research on the attitude–behavior 

relationship and their implications for future environmental education 

research. Environmental Education Research, 25(4), 459–471. 

https://doi.org/10.1080/13504622.2019.1634237 

Marcos-Merino, J. M., Corbacho-Cuello, I., & Hernández-Barco, M. (2020). 

Analysis of Sustainability Knowingness, Attitudes and Behavior of a Spanish 

Pre-Service Primary Teachers Sample. Sustainability, 12(18), 7445. 

https://doi.org/10.3390/su12187445 



339 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Martin-Albarracin, V. L., Amico, G. C., Simberloff, D., & Nuñez, M. A. (2015). 

Impact of Non-Native Birds on Native Ecosystems: A Global Analysis. PLOS 

ONE, 10(11), e0143070. https://doi.org/10.1371/journal.pone.0143070 

Martínez-Ventura, J., De-Miguel-Arbonés, E., Sentieri-Omarrementería, C., Galan, 

J., & Calero-Llinares, M. (2021). A Tool to Assess Architectural Education 

from the Sustainable Development Perspective and the Students’ Viewpoint. 

Sustainability, 13(17), 9596. https://doi.org/10.3390/su13179596 

Maryati, S., Lihawa, F., Yusuf, D., Pratama, M. I. L., Kasim, M., Akase, N., & 

Hubaib, N. M. (2022). Improving community environmental literacy 

regarding the impact of mercury use in the artisanal small-scale gold mining 

sector (A study in Sumalata Timur District, North Gorontalo Regency, 

Gorontalo Province). Jurnal Pengelolaan Sumberdaya Alam Dan 

Lingkungan (Journal of Natural Resources and Environmental 

Management), 12(4), 633–643. https://doi.org/10.29244/jpsl.12.4.633-643 

Masselot, C., Jeyaram, R., Tackx, R., Fernandez-Marquez, J. L., Grey, F., & 

Santolini, M. (2023). Collaboration and Performance of Citizen Science 

Projects Addressing the Sustainable Development Goals. Citizen Science: 

Theory and Practice, 8(1). https://doi.org/10.5334/cstp.565 

McBride, B. B., Brewer, C. A., Berkowitz, A. R., & Borrie, W. T. (2013). 

Environmental literacy, ecological literacy, ecoliteracy: What do we mean 

and how did we get here? Ecosphere, 4(5), 1–20. 

https://doi.org/10.1890/ES13-00075.1 

Merenlender, A. M., Crall, A. W., Drill, S., Prysby, M., & Ballard, H. (2016). 

Evaluating environmental education, citizen science, and stewardship 

through naturalist programs. Conservation Biology, 30(6), 1255–1265. 

http://www.jstor.org/stable/44133510 

Meschini, M., Prati, F., Simoncini, G. A., Airi, V., Caroselli, E., Prada, F., 

Marchini, C., Machado Toffolo, M., Branchini, S., Brambilla, V., Covi, C., 

& Goffredo, S. (2021). Environmental awareness gained during a citizen 

science project in touristic resorts is maintained after 3 years since 

participation. Frontiers in Marine Science, 8. https://doi.org/10.3389/ 

fmars.2021.584644 

Mezirow, J. (1991). Transformation Theory and Cultural Context: A Reply to Clark 

and Wilson. Adult Education Quarterly, 41(3), 188–192. 

https://doi.org/10.1177/0001848191041003004 

Middlemiss, L. (2011). The Power of Community: How Community-Based 

Organizations Stimulate Sustainable Lifestyles Among Participants. Society 

& Natural Resources, 24(11), 1157–1173. https://doi.org/10.1080/ 

08941920.2010.518582 

Miłkowski, M. (2018). From Computer Metaphor to Computational Modeling: The 

Evolution of Computationalism. Minds and Machines, 28(3), 515–541. 

https://doi.org/10.1007/s11023-018-9468-3 

Miller-Rushing, A., Primack, R., & Bonney, R. (2012). The history of public 

participation in ecological research. Frontiers in Ecology and the 

Environment, 10(6), 285–290. https://doi.org/10.1890/110278 

Miller, M., Clark, J., & Jehle, A. (2015). Cognitive Dissonance Theory (Festinger). 



340 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

In The Blackwell Encyclopedia of Sociology. John Wiley & Sons. 

https://doi.org/10.1002/9781405165518.wbeosc058.pub2 

Mitchell, I. K., Ling, C., Krusekopf, C., & Kerr, S. (2015). Pathways toward whole 

community transformation: a case study on the role of school engagement and 

environmental education. Environment, Development and Sustainability, 

17(2), 279–298. https://doi.org/10.1007/s10668-014-9587-9 

Mitchell, J., Niras, J., & Niefeu, L. (2020). Cultivating Well-being: Young People 

and Food Gardens in Tanna, Vanuatu. Engaged Scholar Journal: 

Community-Engaged Research, Teaching, and Learning, 6(1), 1–17. 

https://doi.org/10.15402/esj.v6i1.70665 

Mitchell, N., Triska, M., Liberatore, A., Ashcroft, L., Weatherill, R., & Longnecker, 

N. (2017). Benefits and challenges of incorporating citizen science into 

university education. PLOS ONE, 12(11), e0186285. 

https://doi.org/10.1371/journal.pone.0186285 

Mochizuki, Y., & Fadeeva, Z. (2010). Competences for sustainable development 

and sustainability. International Journal of Sustainability in Higher 

Education, 11(4), 391–403. https://doi.org/10.1108/14676371011077603 

Mougi, A., & Kondoh, M. (2016). Food-web complexity, meta-community 

complexity and community stability. Scientific Reports, 6(1), 24478. 

https://doi.org/10.1038/srep24478 

Muvuka, B., & Harris, M. J. (2019). A Rapid Assessment of the Impacts of Gold 

Mining on Women’s Health and Quality of Life in Ashanti Region, Ghana. 

Journal of Public Health Issues and Practices, 3(1). 

https://doi.org/10.33790/jphip1100138 

Neal, J. W., & Neal, Z. P. (2013). Nested or Networked? Future Directions for 

Ecological Systems Theory. Social Development, 22(4), 722–737. 

https://doi.org/10.1111/sode.12018 

Neumann, I., Neumann, K., & Nehm, R. (2011). Evaluating Instrument Quality in 

Science Education: Rasch‐based analyses of a Nature of Science test. 

International Journal of Science Education, 33(10), 1373–1405. 

https://doi.org/10.1080/09500693.2010.511297 

Newell, A., & Simon, H. A. (2019). Human Problem Solving. Echo Point Books 

and Media. https://books.google.co.id/books?id=Gf8EwgEACAAJ 

Newell, M. L., & Newell, T. S. (2011). Problem analysis: Examining the selection 

and evaluation of data during problem‐solving consultation. Psychology in 

the Schools, 48(10), 943–957. https://doi.org/10.1002/pits.20606 

Newell, P., Twena, M., & Daley, F. (2021). Scaling behaviour change for a 1.5 

degree world: Challenges and opportunities. Global Sustainability, 1–25. 

https://doi.org/10.1017/sus.2021.23 

Njue, N., Stenfert Kroese, J., Gräf, J., Jacobs, S. R., Weeser, B., Breuer, L., & 

Rufino, M. C. (2019). Citizen science in hydrological monitoring and 

ecosystem services management: State of the art and future prospects. Science 

of The Total Environment, 693, 133531. https://doi.org/10.1016/j.scitotenv. 

2019.07.337 

Noda, K., Miyai, K., Ito, K., & Senge, M. (2020). Effect of Residents’ Involvement 

with Small Hydropower Projects on Environmental Awareness. 



341 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Sustainability, 12(15), 5994. https://doi.org/10.3390/su12155994 

Nur, I., ARIS, E. A., YUSNAINI, Y., & BEAVIS, S. (2021). The potential use of 

Octolasmis spp. parasites in mud crabs Scylla spp. as a bioindicator for 

mercury pollution. Biodiversitas Journal of Biological Diversity, 22(9). 

https://doi.org/10.13057/biodiv/d220921 

Ochoa-Hueso, R., Delgado-Baquerizo, M., Risch, A. C., Schrama, M., Morriën, E., 

Barmentlo, S. H., Geisen, S., Hannula, S. E., Resch, M. C., Snoek, B. L., & 

van der Putten, W. H. (2021). Ecosystem coupling: A unifying framework to 

understand the functioning and recovery of ecosystems. One Earth, 4(7), 

951–966. https://doi.org/10.1016/j.oneear.2021.06.011 

Ogbonnaya, K. A., & Ann E., O. (2023). Enhancing Women’s Participation in 

Community Development Through Community Education for Sustainable 

Development in South-East Nigeria. International Journal of Sustainable 

Development and Planning, 18(7), 2293–2300. https://doi.org/ 

10.18280/ijsdp.180734 

Ogishima, H., Ito, A., Kajimura, S., & Himichi, T. (2023). Validity and reliability 

of the Japanese version of the sustainability consciousness questionnaire. 

Frontiers in Psychology, 14. https://doi.org/10.3389/fpsyg.2023.1130550 

Ohlsson, S. (2012). The Problems with Problem Solving: Reflections on the Rise, 

Current Status, and Possible Future of a Cognitive Research Paradigm. The 

Journal of Problem Solving, 5(1). https://doi.org/10.7771/1932-6246.1144 

Olaniyan, A. O., & Govender, N. (2018). Effectiveness of Polya problem-solving 

and target-task collaborative learning approaches in electricity amongst high 

school physics students. Journal of Baltic Science Education, 17(5), 765–777. 

https://doi.org/10.33225/jbse/18.17.765 

Olsson, D., Gericke, N., Sass, W., & Boeve-de Pauw, J. (2020). Self-perceived 

action competence for sustainability: the theoretical grounding and empirical 

validation of a novel research instrument. Environmental Education 

Research, 26(5), 742–760. https://doi.org/10.1080/13504622.2020.1736991 

Ord, J., & Leather, M. (2011). The Substance Beneath the Labels of Experiential 

Learning: The Importance of John Dewey for Outdoor Educators. Journal of 

Outdoor and Environmental Education, 15(2), 13–23. 

https://doi.org/10.1007/BF03400924 

Örs, M. (2022). A Measurement of the Environmental Literacy of Nursing Students 

for a Sustainable Environment. Sustainability, 14(17), 11003. 

https://doi.org/10.3390/su141711003 

Ozdemir, O. (2023). The Sustainability Literacy of Students: A Comparative Study 

between Turkey and the UK. Science Insights Education Frontiers, 17(2), 

2693–2713. https://doi.org/10.15354/sief.23.or375 

Pareja, C., Honey-Rosés, J., Kunz, N. C., Fraser, J., & Xavier, A. (2018). What 

Participation? Distinguishing Water Monitoring Programs in Mining Regions 

Based on Community Participation. Water, 10(10), 1325. 

https://doi.org/10.3390/w10101325 

Parkinson, S., Woods, S. M., Sprinks, J., & Ceccaroni, L. (2022). A Practical 

Approach to Assessing the Impact of Citizen Science towards the Sustainable 

Development Goals. Sustainability, 14(8), 4676. https://doi.org/10.3390/ 



342 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

su14084676 

Parrish, J. K., Jones, T., Burgess, H. K., He, Y., Fortson, L., & Cavalier, D. (2019). 

Hoping for optimality or designing for inclusion: Persistence, learning, and 

the social network of citizen science. Proceedings of the National Academy 

of Sciences, 116(6), 1894–1901. https://doi.org/10.1073/pnas.1807186115 

Partnership for 21st Century learning. (2015). 21st century student outcomes. In 

Partnership for 21st Century Skillscore Content Integration (pp. 1–9). 

http://www.p21.org/our-work/p21-framework 

Pateman, R., Dyke, A., & West, S. (2021). The Diversity of Participants in 

Environmental Citizen Science. Citizen Science: Theory and Practice, 6(1), 

9. https://doi.org/10.5334/cstp.369 

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 

Pe’er, S., Goldman, D., & Yavetz, B. (2007). Environmental Literacy in Teacher 

Training: Attitudes, Knowledge, and Environmental Behavior of Beginning 

Students. The Journal of Environmental Education, 39(1), 45–59. 

https://doi.org/10.3200/JOEE.39.1.45-59 

Peng, M. Y.-P., Feng, Y., Zhao, X., & Chong, W. (2021). Use of Knowledge 

Transfer Theory to Improve Learning Outcomes of Cognitive and Non-

cognitive Skills of University Students: Evidence From Taiwan. Frontiers in 

Psychology, 12. https://doi.org/10.3389/fpsyg.2021.583722 

Perkins, D., & Salomon, G. (1999). Transfer Of Learning. 11. 

Pernet-Coudrier, B., Qi, W., Liu, H., Müller, B., & Berg, M. (2012). Sources and 

Pathways of Nutrients in the Semi-Arid Region of Beijing–Tianjin, China. 

Environmental Science & Technology, 46(10), 5294–5301. 

https://doi.org/10.1021/es3004415 

Phillips, T., Porticella, N., Constas, M., & Bonney, R. (2018). A framework for 

articulating and measuring individual learning outcomes from participation 

in citizen science. Citizen Science: Theory and Practice, 3(2), 3. 

https://doi.org/10.5334/cstp.126 

Piaget, J., & Inhelder, B. (1968). Memory and Intelligence. Routledge & Kegan 

Paul. 

Pitaloka, A. A., & Abdurrahim, A. Y. (2023). Sustainable Livelihoods Sustainable 

Approach and Contemporary Research on Rural Social-Ecological Systems 

in Indonesia. IOP Conference Series: Earth and Environmental Science, 

1275(1), 012044. https://doi.org/10.1088/1755-1315/1275/1/012044 

Pitman, S. D., & Daniels, C. B. (2016). Quantifying Ecological Literacy in an Adult 

Western Community: The Development and Application of a New 

Assessment Tool and Community Standard. PLOS ONE, 11(3), e0150648. 

https://doi.org/10.1371/journal.pone.0150648 

Pocock, M. J., Chapman, D., Sheppard, L., & Roy, H. (2014). Choosing and using 

citizen science: A guide to when and how to use citizen science to monitor 

biodiversity and the environment. Oxfordshire. 

Pocock, M. J. O., Tweddle, J. C., Savage, J., Robinson, L. D., & Roy, H. E. (2017). 

The diversity and evolution of ecological and environmental citizen science. 



343 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

PLOS ONE, 12(4), e0172579. https://doi.org/10.1371/journal.pone.0172579 

Popa, C. L., Dontu, S. I., Savastru, D., & Carstea, E. M. (2022). Role of Citizen 

Scientists in Environmental Plastic Litter Research—A Systematic Review. 

Sustainability, 14(20), 13265. https://doi.org/10.3390/su142013265 

Portacio, F. G., Botero, P., St. George, S. M., & Stoutenberg, M. (2018). Informing 

the Adaptation and Implementation of a Lifestyle Modification Program in 

Hispanics: A Qualitative Study Among Low-Income Hispanic Adults. 

Hispanic Health Care International, 16(4), 204–212. https://doi.org/ 

10.1177/1540415318808831 

Powell, R. B., Stern, M. J., Frensley, B. T., & Moore, D. (2019). Identifying and 

developing crosscutting environmental education outcomes for adolescents in 

the twenty-first century (EE21). Environmental Education Research, 25(9), 

1281–1299. https://doi.org/10.1080/13504622.2019.1607259 

Prastiwi, L., Sigit, D. V., & Ristanto, R. H. (2019). Ecological Literacy, 

Environmental Awareness, Academic Ability and Environmental Problem-

Solving Skill at Adiwiyata School. Indonesian Journal of Science and 

Education, 3(2), 82. https://doi.org/10.31002/ijose.v3i2.1114 

Prochaska, J. O., Norcross, J. C., & DiClemente, C. C. (2013). Applying the Stages 

of Change. In Psychologists’ Desk Reference (pp. 177–181). Oxford 

University Press. https://doi.org/10.1093/med:psych/9780199845491. 

003.0034 

Putri, A. A., Hidayat, T., & Supriatno, B. (2023). Senior High School students 

perception on sustainability literacy in Biology learning. Jurnal Penelitian 

Pendidikan IPA, 9(7), 5737–5744. https://doi.org/10.29303/jppipa.v9i7.3705 

Putri, A. P., Rachmadiarti, F., & Kuntjoro, S. (2023). Implementation of Project 

Based Learning (PjBL) Model with Differentiation Approach to Improve 

Critical Thinking Ability. International Journal of Current Educational 

Research, 2(2), 140–149. https://doi.org/10.53621/ijocer.v2i2.250 

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., Sáiz-Manzanares, M. C., 

& Vázquez Dorrío, J. B. (2020). Citizen Science for Scientific Literacy and 

the Attainment of Sustainable Development Goals in Formal Education. 

Sustainability, 12(10), 4283. https://doi.org/10.3390/su12104283 

Quoquab, F., & Mohammad, J. (2020). Cognitive, Affective and Conative Domains 

of Sustainable Consumption: Scale Development and Validation Using 

Confirmatory Composite Analysis. Sustainability, 12(18), 7784. 

https://doi.org/10.3390/su12187784 

R Tiwary, A. (2023). Sustaining Education, Educating Sustainability. Education & 

Learning in Developing Nations, 1(1), 24–25. https://doi.org/ 

10.26480/eldn.01.2023.24.25 

Rakhman, F. (2019, September 26). Bertaruh Nyawa Demi Emas di Lombok. 

Mongabay Situs Berita Lingkungan, 1. https://www.mongabay.co.id 

/2019/09/26/bertaruh-nyawa-demi-emas-di-lombok-1/ 

Rao, N., & Power, S. A. (2021). “Communities Change When Individuals Change”: 

The sustainability of system‐challenging collective action. European Journal 

of Social Psychology, 51(3), 525–537. https://doi.org/10.1002/ejsp.2757 

Rasis, R., Paidi, Suhartini, Kuswanto, H., & Hartanti, R. D. (2023). The Effect of 



344 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Environmental Education Open Inquiry Learning Kits on the Environmental 

Literacy of Pre-service Biology Teachers. Journal of Teacher Education for 

Sustainability, 25(1), 40–63. https://doi.org/10.2478/jtes-2023-0004 

Rautio, P., Tammi, T., Aivelo, T., Hohti, R., Kervinen, A., & Saari, M. (2022). “For 

whom? By whom?”: critical perspectives of participation in ecological citizen 

science. Cultural Studies of Science Education, 17(3), 765–793. 

https://doi.org/10.1007/s11422-021-10099-9 

Reed, C. C., Winters, J. M., Hart, S. C., Hutchinson, R., Chandler, M., Venicx, G., 

& Sullivan, B. W. (2018). Building flux capacity: Citizen scientists increase 

resolution of soil greenhouse gas fluxes. PLOS ONE, 13(7), e0198997. 

https://doi.org/10.1371/journal.pone.0198997 

Rees, J. H., & Bamberg, S. (2014). Climate Protection Needs Societal Change: 

Determinants of Intention to Participate in Collective Climate Action. 

European Journal of Social Psychology, 44(5), 466–473. 

https://doi.org/10.1002/ejsp.2032 

Ren, W., Ni, J., & Chen, Y. (2022). Exploring the Marine Ecological Environment 

Management in China: Evolution, Challenges and Prospects. Sustainability, 

14(2), 912. https://doi.org/10.3390/su14020912 

Riisgard, H. U. (2019). General Ekology. 

Rieckmann, M., Mindt, L., & Gardiner, S. (2017). Education for Sustainable 

Development Goals: Learning Objectives. United Nations Educational, 

Scientific and Cultural Organization. ISBN 978-92-3-100209-0. 

Rocha, C., Verwoerd, M., von Wehrden, H., & Doubleday, R. (2022). When to use 

transdisciplinary approaches for environmental challenges and sustainability 

transitions: Conceptual framework and decision criteria. Frontiers in 

Environmental Science, 10, 840569. https://doi.org/10.3389/fenvs.2022. 

840569 

Roche, J., Bell, L., Galvão, C., Golumbic, Y. N., Kloetzer, L., Knoben, N., Laakso, 

M., Lorke, J., Mannion, G., Massetti, L., Mauchline, A., Pata, K., Ruck, A., 

Taraba, P., & Winter, S. (2020). Citizen Science, education, and learning: 

Challenges and opportunities. Frontiers in Sociology, 5. 

https://doi.org/10.3389/fsoc.2020.613814 

Rochlen, A. B., Rude, S. S., & Barón, A. (2005). The Relationship of Client Stages 

of Change to Working Alliance and Outcome in Short-Term Counseling. 

Journal of College Counseling, 8(1), 52–64. https://doi.org/10.1002/j.2161-

1882.2005.tb00072.x 

Rodríguez-Romero, A. J., Rico-Sánchez, A. E., Mendoza-Martínez, E., Gómez-

Ruiz, A., Sedeño-Díaz, J. E., & López-López, E. (2018). Impact of Changes 

of Land Use on Water Quality, from Tropical Forest to Anthropogenic 

Occupation: A Multivariate Approach. Water, 10(11), 1518. 

https://doi.org/10.3390/w10111518 

Rosales-Romero, L. (2023). Physics education in the training of engineers for 

digitized industry. Athenea, 34–44. 

https://doi.org/10.47460/athenea.v4i13.63 

Ruiz-Mallén, I., Riboli-Sasco, L., Ribrault, C., Heras, M., Laguna, D., & Perié, L. 

(2016). Citizen Science. Science Communication, 38(4), 523–534. 



345 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

https://doi.org/10.1177/1075547016642241 

Rusland, S. L., Jaafar, N. I., & Sumintono, B. (2020). Evaluating knowledge 

creation processes in the Royal Malaysian Navy (RMN) fleet: Personnel 

conceptualization, participation and differences. Cogent Business & 

Management, 7(1), 1785106. https://doi.org/10.1080/23311975.2020. 

1785106 

Salvioni, D. M., Franzoni, S., & Cassano, R. (2017). Sustainability in the Higher 

Education System: An Opportunity to Improve Quality and Image. 

Sustainability, 9(6), 914. https://doi.org/10.3390/su9060914 

Santos, R., Virgolino, A., Santos, O., Costa, J., Evans, D., Mulcahy, M., Murray, 

C., Sepai, O., Ubong, D., Carr, K., Lobo Vicente, J., Uhl, M., & Tripolt, T. 

(2019). Report of the citizens’ focus groups. https://www.researchgate.net/ 

profile/Ricardo-Santos-

33/publication/343838129_Report_of_the_citizens’_focus_groups/links/61d

b4e87b6b5667157db4e41/Report-of-the-citizens-focus-

groups.pdf?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0a

W9uIiwicGFnZSI6InB1Ym 

Scheuch, M., Panhuber, T., Winter, S., Kelemen-Finan, J., Bardy-Durchhalter, M., 

& Kapelari, S. (2018). Butterflies &amp; wild bees: biology teachers’ PCK 

development through citizen science. Journal of Biological Education, 52(1), 

79–88. https://doi.org/10.1080/00219266.2017.1405530 

Schleicher, K., & Schmidt, C. (2020). Citizen science in germany as research and 

sustainability education: Analysis of the main forms and foci and its relation 

to the Sustainable Development Goals. Sustainability, 12(15), 6044. 

https://doi.org/10.3390/su12156044 

Schneider, B., Dellwig, O., Kuliński, K., Omstedt, A., Pollehne, F., Rehder, G., & 

Savchuk, O. (2017). Biogeochemical Cycles. In Biological Oceanography of 

the Baltic Sea (pp. 87–122). Springer Netherlands. 

https://doi.org/10.1007/978-94-007-0668-2_3 

Schneider, S., Hernandez, R., Junghaenel, D. U., Jin, H., Lee, P.-J., Gao, H., 

Maupin, D., Orriens, B., Meijer, E., & Stone, A. A. (2024). Can you tell 

people’s cognitive ability level from their response patterns in 

questionnaires? Behavior Research Methods, 56(7), 6741–6758. 

https://doi.org/10.3758/s13428-024-02388-2 

Schrodt, F., Kneissler, J., Ehrenfeld, S., & Butz, M. V. (2017). Mario Becomes 

Cognitive. Topics in Cognitive Science, 9(2), 343–373. https://doi.org/ 

10.1111/tops.12252 

Schumacher, F., Basten, M., Großschedl, J., Klatthaar, M., & Wilde, M. (2021). 

The Influence of Previous Biology Lessons on Prospective Teachers’ Beliefs 

About Learning Biology. Frontiers in Education, 6. 

https://doi.org/10.3389/feduc.2021.707746 

Sclater, M. (2018). Sustainability and learning: Aesthetic and creative responses in 

a digital culture. Research in Comparative and International Education, 

13(1), 135–151. https://doi.org/10.1177/1745499918771185 

Seda, S., Ayşegul Yildiz, & Sevil Sahin. (2020). Identification of the relationship 

between nursing students’ kolb learning styles and problem-solving skills. 



346 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Asian Pacific Journal of Nursing and Health Sciences, 3(2), 1–8. 

https://doi.org/10.46811/apjnh/3.2.1 

Sengul, S., & Katranci, Y. (2012). Metacognitive Aspects of Solving Function 

Problems. Procedia - Social and Behavioral Sciences, 46, 2178–2182. 

https://doi.org/10.1016/j.sbspro.2012.05.450 

Setiawan, H., Handican, R., & Rurisman, R. (2023). Revolutionizing Math 

Education: Unleashing the Potential of Web-based Learning Media for 

Enhanced Mathematical Problem Solving Skills. JDIME : Journal of 

Development and Innovation in Mathematics Education, 1(2), 01–11. 

https://doi.org/10.32939/jdime.v1i2.2978 

Severin, M. I., Akpetou, L. K., Annasawmy, P., Asuquo, F. E., Beckman, F., 

Benomar, M., Jaya-Ram, A., Malouli, M., Mees, J., Monteiro, I., Ndwiga, J., 

Neves Silva, P., Nubi, O. A., Sim, Y. K., Sohou, Z., Shau-Hwai, A. T., Woo, 

S. P., Zizah, S., Buysse, A., … Catarino, A. I. (2023). Impact of the Citizen 

Science Project COLLECT on Ocean Literacy and Well-being within a 

North/West African and South-East Asian Context. Frontiers in Psychology, 

14. https://doi.org/10.3389/fpsyg.2023.1130596 

Shah, H. R., & Martinez, L. R. (2016). Current approaches in implementing citizen 

science in the classroom. Journal of Microbiology & Biology Education, 

17(1), 17–22. https://doi.org/10.1128/jmbe.v17i1.1032 

Shanta, S. (2018). Framework for the Development of a Study on Authentic 

Problem Solving Skills in K-12 Grades. CTETE - Research Monograph 

Series, 1(1), 29–48. https://doi.org/10.21061/ctete-rms.v1.c.2 

Shikhov, A., Ilyushina, P., Makarieva, O., Zemlianskova, A., & Mozgina, M. 

(2023). Satellite-Based Mapping of Gold-Mining-Related Land-Cover 

Changes in the Magadan Region, Northeast Russia. Remote Sensing, 15(14), 

3564. https://doi.org/10.3390/rs15143564 

Shirk, J. L., Ballard, H. L., Wilderman, C. C., Phillips, T., Wiggins, A., Jordan, R., 

McCallie, E., Minarchek, M., Lewenstein, B. V., Krasny, M. E., & Bonney, 

R. (2015). Public participation in scientific research: A framework for 

deliberate design. Ecology and Society, 17(2), art29. 

https://compact.org/resources/public-participation-in-scientific-research-a-

framework-for-deliberate-design 

Shutaleva, A. (2023). Experiential learning as principle of environmental education. 

E3S Web of Conferences, 420, 10010. https://doi.org/10.1051/e3sconf/ 

202342010010 

Sidiropoulos, E. (2022). The Influence of Higher Education on Student Learning 

and Agency for Sustainability Transition. Sustainability, 14(5), 3098. 

https://doi.org/10.3390/su14053098 

Silvertown, J. (2009). A new dawn for citizen science. Trends in Ecology & 

Evolution, 24(9), 467–471. https://doi.org/10.1016/j.tree.2009.03.017  

Simaika, J. P., Tampo, I., Dalu, T., Foord, S. H., & Roux, D. J. (2024). Aquatic 

macroinvertebrates as indicators of ecological integrity in freshwater 

ecosystems: A global synthesis and future directions. Journal of 

Environmental Management, 352, 121849. https://doi.org/10.1016/ 

j.jenvman.2024.121849 



347 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Singh, M., Patel, D. K., & Shukla, D. P. (2023). Assessment of seasonal fluctuation 

in heavy metal contamination in the Narmada River sediments and surface 

water. Journal of Water and Climate Change, 15(7), 3173–3191. 

https://doi.org/10.2166/wcc.2023.129 

Skarlatidou, A., & Haklay, M. (2021). Citizen science impact pathways for a 

positive contribution to public participation in science. Journal of Science 

Communication, 20(06), A02. https://doi.org/10.22323/2.20060202 

Škėrienė, S., & Jucevičienė, P. (2020). Problem solving through values: A 

challenge for thinking and capability development. Thinking Skills and 

Creativity, 37, 100694. https://doi.org/10.1016/j.tsc.2020.100694 

Sloot, D., Jans, L., & Steg, L. (2018). Can community energy initiatives motivate 

sustainable energy behaviours? The role of initiative involvement and 

personal pro-environmental motivation. Journal of Environmental 

Psychology, 57, 99–106. https://doi.org/10.1016/j.jenvp.2018.06.007 

Smith, H., Allf, B., Larson, L., Futch, S., Lundgren, L., Pacifici, L., & Cooper, C. 

(2021). Leveraging Citizen Science in a College Classroom to Build Interest 

and Efficacy for Science and the Environment. Citizen Science: Theory and 

Practice, 6(1), 29. https://doi.org/10.5334/cstp.434 

Song, J., Liu, Q., & Sheng, Y. (2019). Distribution and risk assessment of trace 

metals in riverine surface sediments in gold mining area. Environmental 

Monitoring and Assessment, 191(3), 191. https://doi.org/10.1007/s10661-

019-7311-9 

Speir, S. L., Chumchal, M. M., Drenner, R. W., Cocke, W. G., Lewis, M. E., & 

Whitt, H. J. (2014). Methyl mercury and stable isotopes of nitrogen reveal 

that a terrestrial spider has a diet of emergent aquatic insects. Environmental 

Toxicology and Chemistry, 33(11), 2506–2509. https://doi.org/10.1002/etc. 

2700 

Spires, H., Kerkhoff, S. N., & Graham, A. C. . (2016). Disciplinary literacy and 

inquiry: Teaching for deeper content learning. Journal of Adolescent & Adult 

Literacy, 60(2), 151–161. https://doi.org/10.1002/jaal.577 

Spires, H., Himes, M., Lee, C. C., & Gambino, A. (2021). We are the future: Critical 

inquiry and social action in the classroom. Journal of Literacy Research, 

53(2), 219–241. https://doi.org/10.1177/1086296X211009283 

Spires, H. A., Himes, M. P., Paul, C. M., & Kerkhoff, S. N. (2019). Going global 

with project‐based inquiry: Cosmopolitan literacies in practice. Journal of 

Adolescent & Adult Literacy, 63(1), 51–64. https://doi.org/10.1002/jaal.947 

Srisathan, W. A., Malai, K., Narathawaranan, N., Coochampoo, K., & 

Naruetharadhol, P. (2024). The impact of citizen science on environmental 

attitudes, environmental knowledge, environmental awareness to pro–

environmental citizenship behaviour. International Journal of Sustainable 

Engineering, 17(1), 1–19. https://doi.org/10.1080/19397038.2024.2354269 

Steffen, W., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, E. 

M., Biggs, R., Carpenter, S. R., de Vries, W., de Wit, C. A., Folke, C., Gerten, 

D., Heinke, J., Mace, G. M., Persson, L. M., Ramanathan, V., Reyers, B., & 

Sörlin, S. (2015). Planetary boundaries: Guiding human development on a 

changing planet. Science, 347(6223). https://doi.org/10.1126/science. 



348 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

1259855 

Steiner, G. (2001). Transfer of Learning, Cognitive Psychology of. In International 

Encyclopedia of the Social & Behavioral Sciences (pp. 15845–15851). 

Elsevier. https://doi.org/10.1016/B0-08-043076-7/01481-9 

Stibbe, A., & Luna, H. (2014). The Handbook of Sustainability Literacy (1.ed). 

Green Books Ltd. https://sustainability.glos.ac.uk/wp-content/uploads/ 

2017/07/Handbk-Sustainability-literacy-EC-16092020.pdf 

Strasser, B. J., Baudry, J., Mahr, D., Sanchez, G., & Tancoigne, E. (2019). 

Rethinking Science and Public Participation. 32(2), 52–76. 

Sukarelawa, M. I., Indratno, T. K., & Ayu, S. M. (2024). N-Gain vs Stacking 

Analisis Perubahan Abilitas Peserta Didik dalam Desain One Group Pretest-

Posttest. Surya cahaya. 

Sumintono, B., & Widhiarso, W. (2014). Aplikasi Model Rasch untuk Penelitian 

Ilmu-ilmu Sosial (edisi revisi). Trim Komunikata. 

Sumintono, B., & Widhiarso, W. (2015). Aplikasi Permodelan Rasch pada 

Assessment Pendidikan. Trim Komunikata. 

Sun, H., Wu, S., & Zhang, B. (2023). Energy Literacy of Residents in Rural 

Communities: Comparison of Tourism and Non-Tourism Villages. Energies, 

16(20), 7135. https://doi.org/10.3390/en16207135 

Suprapto, Y. (2018). Tambang Emas Ilegal: Korban Jiwa Berjatuhan, Hutan Jambi 

pun Merana. Mongabay Situs Berita Lingkungan. https://www. 

mongabay.co.id/2018/11/20/tambang-emas-ilegal-korban-jiwa-berjatuhan-

hutan-jambi-pun-merana/ 

Suprayitno, T. (2019). Nyawa dan Alam Terancam Demi Emas di Limun. 

Mongabay Situs Berita Lingkungan. https://www.mongabay.co.id/ 

2019/03/30/nyawa-dan-alam-terancam-demi-emas-di-limun-bagian-2/ 

Susbiyanto, S., Hidayat, T., Surtikanti, H. K., Riandi, R., & Juandi, T. (2025). 

Preliminary study on public sustainability literacy: Publics’ perceptions 

around the gold mining area towards the use of mercury. AIP Conference 

Proceedings. 080018. https://doi.org/10.1063/5.0259757 

Susbiyanto, S., Hidayat, T., Surtikanti, H. K., Riandi, R., Juandi, T., Rochman, S., 

& Chatib, M. (2024). Perception of citizen science project in ecology courses 

using rasch measurement model. KnE Social Sciences. 

https://doi.org/10.18502/kss.v9i13.16057 

Svetlana Mylnikova, S. M. (2022). A Unity of Obucheniye and Vospitaniye: An 

Unexplored Unity in Vygotskian Zone of Proximal Development. Pakistan 

Social Sciences Review, 6(II). https://doi.org/10.35484/pssr.2022(6-II)70 

Syafril, S., Rahayu, T., & Ganefri, G. (2022). Prospective Science Teachers’ Self-

Confidence in Computational Thinking Skills. Jurnal Pendidikan IPA 

Indonesia, 11(1), 119–128. https://doi.org/10.15294/jpii.v11i1.33125 

Syam, H., Sutawidjaja, A., Sa’dijah, C., & Abadyo, A. (2020). Junior High 

Students’ Critical Thinking in Geometry Problem Solving. Universal Journal 

of Educational Research, 8(11B), 5880–5887. https://doi.org/ 

10.13189/ujer.2020.082221 

Taskin Y. F., Kelleci, M., & Aldemir, K. (2018). The Effect of High Fidelity 

Simulation Training on Critical Thinking and Problem Solving Skills in 



349 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Nursing Students in Turkey. Educational Research in Medical Sciences, In 

Press(In Press). https://doi.org/10.5812/erms.83966 

Tayebi-Khorami, M., Edraki, M., Corder, G., & Golev, A. (2019). Re-Thinking 

Mining Waste through an Integrative Approach Led by Circular Economy 

Aspirations. Minerals, 9(5), 286. https://doi.org/10.3390/min9050286 

Temino-Boes, R., Romero-López, R., & Romero, I. (2019). A Spatiotemporal 

Analysis of Nitrogen Pollution in a Coastal Region with Mangroves of the 

Southern Gulf of Mexico. Water, 11(10), 2143. https://doi.org/ 

10.3390/w11102143 

Tidball, K. G., & Krasny, M. E. (2010a). Urban Environmental Education from a 

Social-Ecological Perspective: Conceptual Framework for Civic Ecology 

Education. Cities and the Environment, 3(1), 1–20. https://doi.org/10.15365/ 

cate.31112010 

Tidball, K. G., & Krasny, M. E. (2010b). Urban Environmental Education from a 

Social-Ecological Perspective: Conceptual Framework for Civic Ecology 

Education. Cities and the Environment, 3(1), 1–20. 

https://doi.org/10.15365/cate.31112010 

Tong, P., & An, I. S. (2024). Review of studies applying Bronfenbrenner’s 

bioecological theory in international and intercultural education research. 

Frontiers in Psychology, 14. https://doi.org/10.3389/fpsyg.2023.1233925 

Trigos-Carrillo, L. (2019). Community cultural wealth and literacy capital in Latin 

American communities. English Teaching: Practice & Critique, 19(1), 3–19. 

https://doi.org/10.1108/ETPC-05-2019-0071 

Turrini, T., Dörler, D., Richter, A., Heigl, F., & Bonn, A. (2018). The threefold 

potential of environmental citizen science - Generating knowledge, creating 

learning opportunities and enabling civic participation. Biological 

Conservation, 225, 176–186. https://doi.org/10.1016/j.biocon.2018.03.024 

Udodenko, Y. G., Robinson, C. T., Choijil, J., Badrakh, R., Munkhbat, J., Ivanova, 

E. S., & Komov, V. T. (2022). Mercury levels in sediment, fish and 

macroinvertebrates of the Boroo River, northern Mongolia, under the legacy 

of gold mining. Ecotoxicology, 31(2), 312–323. https://doi.org/10.1007/ 

s10646-021-02502-6 

UN Environment. (2019). Global Mercury Assessment 2018. UN Environment 

Programme, Chemicals and Health Branch. https://www.unep.org/resources/ 

publication/global-mercury-assessment-2018 

UNESCO. (2019). Framework for the Implementation of Education For 

Sustainable Development (ESD) Beyond 2019. UNESCO. https://www.iau-

hesd.net/sites/default/files/documents/unesco_esd2030_framework.pdf 

United States Environmental Protection Agency. (2016). Water quality assessment 

and TMDL information. Office of Water, U.S. Environmental Protection 

Agency. https://www.epa.gov/tmdl 

University of Minnesota. (2024). Driven to Discover. University of Minnesota 

Extension.  https://extension.umn.edu/driven-discover/driven-discover-

classrooms 

Uyanık, G. (2016). Effect of Environmental Education Based on Transformational 

Learning Theory on Perceptions towards Environmental Problems and 



350 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Permanency of Learning. International Electronic Journal of Environmental 

Education, 6(2), 126. https://doi.org/10.18497/iejee-green.59815 

V. Capparelli, M., Cabrera, M., Rico, A., Lucas-Solis, O., Alvear-S, D., Vasco, S., 

Galarza, E., Shiguango, Lady, Pinos-Velez, V., Pérez-González, A., 

Espinosa, R., & M. Moulatlet, G. (2021). An Integrative Approach to Assess 

the Environmental Impacts of Gold Mining Contamination in the Amazon. 

Toxics, 9(7), 149. https://doi.org/10.3390/toxics9070149 

Vainas, O., Bar-Ilan, O., Ben-David, Y., Gilad-Bachrach, R., Lukin, G., Ronen, M., 

& Sitton, D. (2019). E-gotsky: sequencing content using the zone of proximal 

development. https://doi.org/https://doi.org/10.48550/arxiv.1904.12268 

Vallabh, P., Lotz‐Sisitka, H., O’Donoghue, R., & Schudel, I. (2016). Mapping 

epistemic cultures and learning potential of participants in citizen science 

projects. Conservation Biology, 30(3), 540–549. https://doi.org/10.1111/ 

cobi.12701 

Vega, C. M., Orellana, J. D. Y., Oliveira, M. W., Hacon, S. S., & Basta, P. C. 

(2018). Human Mercury Exposure in Yanomami Indigenous Villages from 

the Brazilian Amazon. International Journal of Environmental Research and 

Public Health, 15(6), 1051. https://doi.org/10.3390/ijerph15061051 

Vladova, I. (2023). Towards a More Sustainable Future: The Importance of 

Environmental Education in Developing Attitudes towards Environmental 

Protection. SHS Web of Conferences, 176, 01009. 

https://doi.org/10.1051/shsconf/202317601009 

Voice, A., & Stirton, A. (2020). Spaced Repetition: Towards more Effective 

Learning in STEM. New Directions in the Teaching of Physical Sciences, 15. 

https://doi.org/10.29311/ndtps.v0i15.3376 

Vygotsky, L. (1962). Thought and Language. MIT Press. https://archive.org/ 

details/thoughtlanguage0000unse 

Wada, Y., Reager, J. T., Chao, B. F., Wang, J., Lo, M.-H., Song, C., Li, Y., & 

Gardner, A. S. (2017). Recent Changes in Land Water Storage and its 

Contribution to Sea Level Variations. Surveys in Geophysics, 38(1), 131–152. 

https://doi.org/10.1007/s10712-016-9399-6 

Wang, W., Zheng, H., Xu, C., Jiang, W., Du, Y., Wang, W., Zhang, Z., & Liu, X. 

(2014). Spatial correlation and ecological characteristics analysis of 

management area for biodiversity conservation and relevant regionalization. 

Chinese Geographical Science, 24(1), 71–82. https://doi.org/10.1007/ 

s11769-014-0657-6 

Wickliffe, J. K., Lichtveld, M. Y., Zijlmans, C. W., MacDonald-Ottevanger, S., 

Shafer, M., Dahman, C., Harville, E. W., Drury, S., Landburg, G., & Ouboter, 

P. (2021). Exposure to total and methylmercury among pregnant women in 

Suriname: sources and public health implications. Journal of Exposure 

Science & Environmental Epidemiology, 31(1), 117–125. 

https://doi.org/10.1038/s41370-020-0233-3 

Wider, C., & Wider, W. (2023). Effects of Metacognitive Skills on Physics Problem 

-Solving Skills among form Four Secondary School Students. Journal of 

Baltic Science Education, 22(2), 357–369. https://doi.org/10.33225/jbse/ 

23.22.257 



351 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Wilhelm, A. (2019). School Leader Instructional Support and Change in Novice 

Teachers’ Efficacy. Proceedings of the 2019 AERA Annual Meeting. 

https://doi.org/10.3102/1432901 

Willson, A. M., Gallo, H., Peters, J. A., Abeyta, A., Bueno Watts, N., Carey, C. C., 

Moore, T. N., Smies, G., Thomas, R. Q., Woelmer, W. M., & McLachlan, J. 

S. (2023). Assessing opportunities and inequities in undergraduate ecological 

forecasting education. Ecology and Evolution, 13(5). https://doi.org/ 

10.1002/ece3.10001 

Wilujeng, I., Dwandaru, W., & Rauf, R. (2019). The Effectiveness of Education for 

Environmental Sustainable Development to Enhance Environmental Literacy 

in Science Education: A Case Study of Hydropower. Jurnal Pendidikan IPA 

Indonesia, 8(4). https://doi.org/10.15294/jpii.v8i4.19948 

Winter, J., & Cotton, D. (2012). Making the hidden curriculum visible: 

sustainability literacy in higher education. Environmental Education 

Research, 18(6), 783–796. https://doi.org/10.1080/13504622.2012.670207 

Winther, C. (2022). Engaging communities in citizen science. Journal of Science 

Communication, 21(05), R04. https://doi.org/10.22323/2.21050604 

Wold, B., & Mittelmark, M. B. (2018). Health-promotion research over three 

decades: The social-ecological model and challenges in implementation of 

interventions. Scandinavian Journal of Public Health, 46(20_suppl), 20–26. 

https://doi.org/10.1177/1403494817743893 

Woodward, C., Shulmeister, J., Larsen, J., Jacobsen, G. E., & Zawadzki, A. (2014). 

The Hydrological Legacy of Deforestation on Global Wetlands. Science, 

346(6211), 844–847. https://doi.org/10.1126/science.1260510 

World Bank. (2017). The World Bank: Environmental and Social Framework. 

International Bank for Reconstruction and Development. https://thedocs. 

worldbank.org/en/doc/837721522762050108-

0290022018/original/ESFFramework.pdf 

World Gold Council. (2024). Global Mine Production. 

https://www.gold.org/goldhub/data/gold-production-by-country 

Wuebben, D., Romero-Luis, J., & Gertrudix, M. (2020). Citizen Science and 

Citizen Energy Communities: A Systematic Review and Potential Alliances 

for SDGs. Sustainability, 12(23), 10096. https://doi.org/10.3390/ 

su122310096 

Yaacob, A., & Abdullah, N. (2023). Environment Education for Sustainable 

Development (SD) Among Primary School Teachers. EDUCATUM Journal 

of Social Sciences, 9(2), 35–42. https://doi.org/10.37134/ejoss.vol9.2.4.2023 

Yacoub, M. M., & Diab, A. M. (2021). Farmers’ Behavioral Gaps Concerning 

Sustainable Agriculture in Kharga Oasis, New Valley Governorate, Egypt. 

Alexandria Science Exchange Journal, 42(2), 423–433. 

https://doi.org/10.21608/asejaiqjsae.2021.171647 

Yata, C., Ohtani, T., & Isobe, M. (2020). Conceptual framework of STEM based 

on Japanese subject principles. International Journal of STEM Education, 

7(1), 12. https://doi.org/10.1186/s40594-020-00205-8 

Yiannakou, A., Eppas, D., & Zeka, D. (2017). Spatial Interactions between the 

Settlement Network, Natural Landscape and Zones of Economic Activities: 



352 
 

 

Susbiyanto, 2025 
PENGEMBANGAN PROGRAM PEMBELAJARAN EKOLOGI BERBASIS CITIZEN SCIENCE PROJECT 

TENTANG PENCEMARAN LIMBAH TAMBANG EMAS DI DAERAH ALIRAN SUNGAI UNTUK 
MENINGKATKAN KETERAMPILAN PEMECAHAN MASALAH DAN LITERASI LINGKUNGAN CALON 
GURU BIOLOGI SERTA LITERASI KEBERLANJUTAN MASYARAKAT 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

A Case Study in a Greek Region. Sustainability, 9(10), 1715. 

https://doi.org/10.3390/su9101715 

Yoga, G. P., Sari, A. A., Nurhati, I. S., Yustiawati, Andreas, & Hindarti, D. (2022). 

Mercury Contamination on Aquatic Organisms in related to Artisanal Small-

scale Gold Mining Activity in Indonesia: A Mini Review. IOP Conference 

Series: Earth and Environmental Science, 1062(1), 012023. 

https://doi.org/10.1088/1755-1315/1062/1/012023 

Yolcu, H. H. (2023). Using Project-Based Learning in an Environmental Education 

Course and Revealing Students’ Experiences: A Case Study. Science 

Activities, 60(3), 119–125. https://doi.org/10.1080/00368121.2023.2205825 

Young, J. Q., Van Merrienboer, J., Durning, S., & Ten Cate, O. (2014). Cognitive 

Load Theory: Implications for medical education: AMEE Guide No. 86. 

Medical Teacher, 36(5), 371–384. https://doi.org/10.3109/0142159X. 

2014.889290 

Yu, L., Liu, W., Yang, S., Kong, R., & He, X. (2022). Impact of environmental 

literacy on farmers’ agricultural green production behavior: Evidence from 

rural China. Frontiers in Environmental Science, 10. 

https://doi.org/10.3389/fenvs.2022.990981 

Zeilhofer, P., Alcantara, L. H., & Fantin-Cruz, I. (2018). Effects of deforestation on 

spatio-temporal runoff patterns in the upper Teles Pires watershed, Mato 

Grosso, Brazil. Revista Brasileira de Geografia Física, 11(5), 1889–1901. 

https://doi.org/10.26848/rbgf.v11.5.p1889-1901 

Zhang, E. Y., Hundley, C., Watson, Z., Farah, F., Bunnell, S., & Kristensen, T. 

(2023). Learning by doing: A multi‐level analysis of the impact of citizen 

science education. Science Education, 107(5), 1324–1351. 

https://doi.org/10.1002/sce.21810 

Zhang, Q., & Lockee, B. B. (2022). Designing a Framework to Facilitate 

Metacognitive Strategy Development in Computer-Mediated Problem-

Solving Instruction. Journal of Formative Design in Learning, 6(2), 127–143. 

https://doi.org/10.1007/s41686-022-00068-y 

Zhao, C., Yu, X., Yang, S., Wang, X., Sun, C., Zhang, Y., Dong, B., & Shao, N. 

(2018). Heterogeneity of Aquatic Ecosystems in a Developing City for 

Construction of Civilized Freshwater Ecology, China. Ecohydrology, 11(7). 

https://doi.org/10.1002/eco.1990 

Zheng, F., Tao, R., Maier, H. R., See, L., Savic, D., Zhang, T., Chen, Q., 

Assumpção, T. H., Yang, P., Heidari, B., Rieckermann, J., Minsker, B., Bi, 

W., Cai, X., Solomatine, D., & Popescu, I. (2018). Crowdsourcing Methods 

for Data Collection in Geophysics: State of the Art, Issues, and Future 

Directions. Reviews of Geophysics, 56(4), 698–740. https://doi.org/ 

10.1029/2018RG000616 

 


