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ABSTRAK 

 
Penelitian  ini bertujuan untuk merancang desain didaktis  berorientasi sustainability  pada 

topik pengolahan air untuk mengatasi hambatan belajar dan mengembangkan literasi sains 

mahasiswa calon guru kimia. Desain didaktis dirancang menggunakan Didactical Design 

Research yang mencakup situasi didaktis (sebelum, saat dan setelah pembelajaran), prediksi 

respons mahasiswa calon guru kimia yang muncul dan antisipasi pendidik. Penelitian ini 

dilakukan terhadap mahasiswa calon guru kimia di salah satu Perguruan Tinggi Negeri di 

Bandung. Instrumen yang digunakan berupa soal tes, lembar validasi ahli, dan lembar 

analisis transkrip rekaman video. Berdasarkan analisis sebelum pembelajaran, sebagian besar 

literasi sains awal mahasiswa berada dalam kategori rendah dan pemahaman mahasiswa 

masih lemah pada beberapa konsep diantaranya: (a) pencemaran air; (b) tahapan proses 

pengolahan air; (c) proses mekanisme terjadinya koagulasi; (d)  perbedaan antara koagulan 

sintesis dan koagulan alami (e) turdibitas air; (f) keunggulan koagulan berdasarkan struktur; 

(g) konsep keberlanjutan dalam pengolahan air menggunakan koagulan alami. Hasil analisis 

hambatan belajar digunakan untuk merancang desain didaktis yang kemudian divalidasi oleh 

ahli. Rancangan pengembangan desain didaktis  disusun atas situasi didaktis, prediksi 

respons, dan antisipasi didaktis dan pedagogis. Setelah desain diterapkan pada pembelajaran, 

diperoleh informasi bahwa sebagian besar respons yang muncul sesuai dengan yang 

dirancang oleh pendidik dan hasil akhir literasi sains serta pemahaman mahasiswa calon 

guru kimia mengalami perkembangan. Berdasarkan hal ini, diketahui bahwa desain didaktis 

berorientasi sustainability pada topik pengolahan air menggunakan koagulan alami 

berpotensi untuk mengembangkan literasi sains serta mengatasi hambatan belajar mahasiswa 

calon guru kimia. 

 

Kata kunci: desain didaktis, sustainability, hambatan belajar, pengolahan air, koagulan 

alami, literasi sains, mahasiswa calon guru kimia 
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ABSTRACT 

 

This study aims to design a sustainability-oriented didactical design on water treatment topic 

to overcome learning obstacleand develop science literacy of preservice chemistry teacher. 

The didactical design was designed using Didactical Design Research which includes the 

didactical situation (before, during and after learning), prediction of the responses of 

preservice chemistry teacher that appear and anticipation of educators. This research was 

conducted on preservice chemistry teacher at one of the State Universities in Bandung. The 

instruments used were test questions, expert validation sheets, and video recording transcript 

analysis sheets. Based on pre-learning analysis, most of the students' initial science literacy 

was in the low category and students' understanding was still weak on several concepts 

including: (a) water pollution; (b) stages of water treatment process; (c) the process of 

coagulation mechanism; (d) the difference between synthetic coagulants and natural 

coagulants (e) water turdibity; (f) coagulant advantages based on structure; (g) the concept of 

sustainability in water treatment using natural coagulants. The results of the analysis of 

learning obstaclewere used to design a didactic design which was then validated by experts. 

The design of didactic design development is organized on didactic situation, response 

prediction, and didactic and pedagogical anticipation. After the design was applied to 

learning, information was obtained that most of the responses that appeared were in 

accordance with those designed by educators and the final results of science literacy and 

understanding of preservice chemistry teacher had developed. Based on this, it is known that 

sustainability-oriented didactical design on the topic of water treatment using natural 

coagulants has the potential to develop science literacy and overcome learning obstacleof 

preservice chemistry teacher. 

 

 

 

Keywords: didactic design, sustainability, water treatment, natural coagulants, scientific 

literacy, preconception, pre-servive teacher 

 

  



v 
 

DAFTAR ISI 

 

ABSTRAK .................................................................................................................... i 

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

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

DAFTAR ISI ................................................................................................................ v 

DAFTAR GAMBAR ................................................................................................. vii 

DAFTAR TABEL ..................................................................................................... viii 

DAFTAR LAMPIRAN ............................................................................................... ix 

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

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

1.2. Rumusan Masalah........................................................................................ 6 

1.3. Tujuan Penelitian ......................................................................................... 6 

1.4. Manfaat Penelitian ....................................................................................... 6 

1.5. Batasan Masalah .......................................................................................... 7 

BAB II  KAJIAN PUSTAKA ...................................................................................... 8 

2.1. Kurikulum Mata Kuliah Lingkungan pada Program Studi Pendidikan 

Kimia ........................................................................................................... 8 

2.2. Desain Didaktis.......................................................................................... 11 

2.3. Konsep Sustainability ................................................................................ 14 

2.4. Literasi Sains ............................................................................................. 17 

2.5. Pengolahan Air Menggunakan Koagulan Alami ....................................... 24 

2.6. Penelitian Terkait ....................................................................................... 29 

2.7. Kerangka Pemikiran .................................................................................. 30 

BAB III  METODE PENELITIAN............................................................................ 32 

3.1 Metode dan Desain Penelitian ................................................................... 32 

3.2 Alur Penelitian ........................................................................................... 32 

3.3. Subjek Penelitian ....................................................................................... 36 

3.4. Instrumen Penelitian .................................................................................. 36 

3.5. Analisis Data.............................................................................................. 37 

3.5.1. Analisis Hambatan Belajar ............................................................ 37 

3.5.2. Analisis Data Hasil Validasi Desain Didaktis oleh Para Ahli ....... 38 



vi 
 

3.5.3. Analisis Saat Pembelajaran (Metapedadidaktik) ........................... 39 

3.5.4. Analisis Potensi Desain Didaktis Berorientasi Sustainability ....... 39 

BAB IV   TEMUAN DAN PEMBAHASAN ............................................................ 41 

4.1. Analisis Situasi Didaktis Sebelum Pembelajaran ...................................... 41 

4.1.1. Tujuan Pembelajaran ..................................................................... 41 

4.1.2. Analisis Hambatan Belajar dan Kemampuan Awal Literasi Sains 

Mahasiswa calon guru kimia ......................................................... 42 

4.1.3. Rancangan Pengembangan Desain Didaktis Hipotesis ................. 62 

4.1.4. Hasil Validasi Desain Didaktis Hipotesis ...................................... 79 

4.2. Analisis Situasi Didaktis Saat Pembelajaran (Metapedadidaktik) ............ 90 

4.2.1. Indikator Menjelaskan Fenomena Secara Ilmiah........................... 90 

4.2.2. Indikator Mengevaluasi dan Mendesain Penyelidikan Ilmiah ....... 94 

4.2.3. Indikator Menginterpretasi Data dan Bukti Secara Ilmiah ............ 96 

4.3. Analisis Situasi Didaktis Setelah Pembelajaran (Restrosfektif) ................ 97 

4.3.1. Potensi Desain Didaktis ................................................................. 97 

4.3.2. Desain Didaktis Empirik ................................................................ 99 

BAB V   SIMPULAN, IMPLIKASI DAN REKOMENDASI ................................ 105 

5.1. Simpulan .................................................................................................. 105 

5.2. Implikasi .................................................................................................. 106 

5.3. Rekomendasi ........................................................................................... 106 

DAFTAR PUSTAKA .............................................................................................. 107 

LAMPIRAN ............................................................................................................. 114 

 

  



vii 
 

DAFTAR GAMBAR 

Gambar 2.1. Hubungan Segitiga Didaktis (Suryadi, 2011) ....................................... 12 

Gambar 2.2. Hubungan aspek literasi sains (OECD, 2018) ...................................... 19 

Gambar 2.3. Proses pengikatan partikel koloid (Suopajarvi, 2015) .......................... 26 

Gambar 2.4. Aspek Keberlanjutan Koagulan Alami (Ang & Mohammad, 2020) .... 28 

Gambar 2.5. Kerangka Pemikiran Penelitian ............................................................ 31 

Gambar 3.1. Alur Penelitian ...................................................................................... 34 

Gambar 4.1. Grafik Kemampuan Awal Literasi Sains .............................................. 62 

Gambar 4.2. Contoh  Jawaban Mahasiswa calon guru kimia dalam Handout .......... 94 

Gambar 4.3. Grafik Peningkatan Literasi Sains Mahasiswa calon guru kimia ......... 99 

 

 

  



viii 
 

DAFTAR TABEL 

Tabel 2.1  Capaian Pembelajaran Program Studi Pendidikan Kimia (HKI, 2014) .... 8 

Tabel 2.2  Aspek Konteks PISA (OECD, 2018) ...................................................... 20 

Tabel 2.3.  Aspek Kompetensi PISA (OECD, 2018) ................................................ 21 

Tabel 2.4.  Aspek Pengetahuan PISA (OECD, 2018) ............................................... 22 

Tabel 3.1.  Instrumen Penelitian ................................................................................37 

Tabel 3.2.  Kategori Persentase Tes Soal (Suharsimi, 2013).....................................38 

Tabel 4.1. Tujuan Pembelajaran terkait Pengolahan Air Menggunakan Koagulan 

Alami ....................................................................................................... 41 

Tabel 4.2.  Hasil Analisis Pemahaman Awal Mahasiswa calon guru kimia ............. 43 

Tabel 4.3.  Analisis Jawaban pada Soal Nomor 1 ..................................................... 44 

Tabel 4.4.  Analisis Jawaban pada Soal Nomor 2 ..................................................... 46 

Tabel 4.5.  Analisis Jawaban pada Soal Nomor 3 ..................................................... 47 

Tabel 4.6.  Analisis Jawaban pada Soal Nomor 4 ..................................................... 49 

Tabel 4.7.  Analisis Jawaban pada Soal Nomor 5 ..................................................... 50 

Tabel 4.8.  Analisis Jawaban pada Soal Nomor 6 ..................................................... 51 

Tabel 4.9.  Analisis Jawaban pada Soal Nomor 7 ..................................................... 54 

Tabel 4.10. Analisis Jawaban pada Soal Nomor 8 ..................................................... 55 

Tabel 4.11. Analisis Jawaban pada Soal Nomor 9 ..................................................... 57 

Tabel 4.12. Analisis Jawaban pada Soal Nomor 10 ................................................... 58 

Tabel 4.13. Analisis Jawaban pada Soal Nomor 11 ................................................... 59 

Tabel 4.14. Analisis Jawaban pada Soal Nomor 12 ................................................... 60 

Tabel 4.15. Desain Didaktis Hipotesis Sub topik  Pencemaran Air ........................... 64 

Tabel 4.16. Desain Didaktis Hipotesis Sub topik  Pengolahan  Air .......................... 70 

Tabel 4.17. Desain Didaktis Hipotesis Sub topik  Pengolahan  Air Menggunakan 

Koagulan Alami ...................................................................................... 72 

Tabel 4.18. Desain Didaktis Hipotesis Sub topik  Konsep ESD dalam Pengolahan  

Air Menggunakan Koagulan Alami ........................................................ 77 

Tabel 4.19. Validasi Desain Didaktis Hipotesis ......................................................... 80 

Tabel 4.20. Hasil Perubahan Pemahaman Konsep Mahasiswa calon guru kimia ...... 98 

Tabel 4.21. Perbaikan Desain Didaktis .................................................................... 100 

 



ix 
 

DAFTAR LAMPIRAN 

Lampiran 1.  Kisi-kisi Soal Tes ................................................................................ 116 

Lampiran 2.  Hasil  Hambatan Belajar Mahasiswa Calon Guru Kimia ................... 133 

Lampiran 3. Lembar Validasi Desain Didaktis Hipotesis ....................................... 137 

Lampiran 4. Desain didaktis Tervalidasi ................................................................. 168 

Lampiran 5. Handout Pembelajaran ........................................................................ 189 

Lampiran 6. Media Pembelajaran Powerpoint ........................................................ 204 

Lampiran 7. Hasil Tes Sesudah Pembelajaran ........................................................ 212 

 

 



107 

 

DAFTAR PUSTAKA 

 

Ali, M. (2017). Curriculum Development for Sustainability Education. 

Environmental Progress (Vol. 24). 

Alrawi, R. A., Ahmad, A., Ismail, N., Omar, M., & Kadir, A. (2011). Removal 

and Settling Velocity of Palm Oil Mill Effluent Particles, 1(2), 103–109. 

Ang, W. L., & Mohammad, A. W. (2020). State of the art and sustainability of 

natural coagulants in water and wastewater treatment. Journal of Cleaner 

Production, 262, 121267. https://doi.org/10.1016/j.jclepro.2020.121267 

Auliah, A., Muharram, & Mulyadi. (2018). Indonesian Teachers’ Perceptions on 

Green Chemistry Principles: A Case Study of a Chemical Analyst Vocational 

School. Journal of Physics: Conference Series, 1028(1). 

https://doi.org/10.1088/1742-6596/1028/1/012042 

Aygun,  a, & Yilmaz, T. (2010). Improvement of Coagulation-Flocculation 

Process for Treatment of Detergent Wastewaters Using Coagulant Aids. 

International Journal of Chemical and Environmental Engineering, 1(2), 97–

101. 

Bahrodin, M. B., Zaidi, N. S., Hussein, N., Sillanpää, M., Prasetyo, D. D., & 

Syafiuddin, A. (2021). Recent Advances on Coagulation-Based Treatment of 

Wastewater: Transition from Chemical to Natural Coagulant. Current 

Pollution Reports, 7(3), 379–391. https://doi.org/10.1007/s40726-021-

00191-7 

Berglund, A., & Lister, R. (2010). Introductory Programming and the Didactic 

Triangle. In Proc. 12th Australasian Computing Education Conference (ACE 

2010), Brisbane, Australia Introductory (Vol. 103, pp. 35–44). Brisbane. 

Bergström, P. (2012). Designing for the unknown: Didactical design for process-

based assessment in technology-rich learning environments. Retrieved from 

http://www.diva-

portal.org/smash/record.jsf?pid=diva2%3A516108&dswid=-8513 

Burmeister, M., Rauch, F., & Eilks, I. (2012). Education for Sustainable 

Development (ESD) and chemistry education. Chemistry Education 

Research and Practice, 13(2), 59–68. https://doi.org/10.1039/c1rp90060a 



108 

 

Choy, S. Y., Prasad, K. N., Wu, T. Y., Raghunandan, M. E., & Ramanan, R. N. 

(2016). Performance of conventional starches as natural coagulants for 

turbidity removal. Ecological Engineering, 94, 352–364. 

https://doi.org/10.1016/j.ecoleng.2016.05.082 

Dayarathne, H. N. P., Angove, M. J., Aryal, R., Abuel-Naga, H., & Mainali, B. 

(2021). Removal of natural organic matter from source water: Review on 

coagulants, dual coagulation, alternative coagulants, and mechanisms. 

Journal of Water Process Engineering, 40(November 2020), 101820. 

https://doi.org/10.1016/j.jwpe.2020.101820 

Dieni, W. eka F., Hernani, H., & Kaniawati, I. (2022). Applying the Education for 

Sustainable Development Approach to Energy Instruction Design for 

Encouraging Scientific Literacy of Junior. Jurnal Pendidikan Mipa, 

12(September), 682–689. 

Garg, T., Hamilton, S. E., Hochard, J. P., Kresch, E. P., & Talbot, J. (2018). (Not 

so) gently down the stream: River pollution and health in Indonesia. Journal 

of Environmental Economics and Management, 92, 35–53. 

https://doi.org/10.1016/j.jeem.2018.08.011 

Ghernaout, D. (2020). Water Treatment Coagulation: Dares and Trends. OALib, 

07(08), 1–18. https://doi.org/10.4236/oalib.1106636 

Harden, R. M., & Crosby, J. (2000). AMEE guide no 20: The good teacher is 

more than a lecturer - The twelve roles of the teacher. Medical Teacher, 

22(4), 334–347. https://doi.org/10.1080/014215900409429 

Hendrawati, H., Sumarni, S., & Nurhasni. (2015). Penggunaan Kitosan sebagai 

Koagulan Alami dalam Perbaikan Kualitas Air Danau. Jurnal Kimia 

VALENSI, 1(1), 1–11. https://doi.org/10.15408/jkv.v0i0.3148 

Hermann, R. R., & Bossle, M. B. (2020). Bringing an entrepreneurial focus to 

sustainability education: A teaching framework based on content analysis. 

Journal of Cleaner Production, 246(October). 

https://doi.org/10.1016/j.jclepro.2019.119038 

Jagaba, A. H., Kutty, S. R. M., Hayder, G., Latiff, A. A. A., Aziz, N. A. A., 

Umaru, I., … Nasara, M. A. (2020). Sustainable use of natural and chemical 

coagulants for contaminants removal from palm oil mill effluent: A 



109 

 

comparative analysis. Ain Shams Engineering Journal, 11(4), 951–960. 

https://doi.org/10.1016/j.asej.2020.01.018 

Jahnke, I. (2015). Digital didactical designs: Teaching and learning in 

CrossActionSpaces. Digital Didactical Designs: Teaching and Learning in 

CrossActionSpaces, (September 2015), 1–220. 

https://doi.org/10.4324/9781315681702 

Jones, P., Trier, C. J., & Richards, J. P. (2008). Embedding Education for 

Sustainable Development in higher education: A case study examining 

common challenges and opportunities for undergraduate programmes. 

International Journal of Educational Research, 47(6), 341–350. 

https://doi.org/10.1016/j.ijer.2008.11.001 

Junaidi.,  et al. (2020). Panduan Penyusunan Kurikulum Pendidikan Tinggi. 

Kanmani, P., Jeyaseelan, A., Kamaraj, M., Sureshbabu, P., & Sivashanmugam, K. 

(2017). Environmental applications of chitosan and cellulosic biopolymers: 

A comprehensive outlook. Bioresource Technology. 

https://doi.org/10.1016/j.biortech.2017.03.119 

Krewski, D., Yokel, R. A., Nieboer, E., Borchelt, D., Cohen, J., Harry, J., … 

Rondeau, V. (2007). Human health risk assessment for aluminium, 

aluminium oxide, and aluminium hydroxide. Journal of Toxicology and 

Environmental Health - Part B: Critical Reviews (Vol. 10). 

https://doi.org/10.1080/10937400701597766 

Kristianto, H., Prasetyo, S., & Sugih, A. K. (2019). Pemanfaatan Ekstrak Protein 

dari Kacang-kacangan sebagai Koagulan Alami: Review. Jurnal Rekayasa 

Proses, 13(2), 65. https://doi.org/10.22146/jrekpros.46292 

Laugksch, R. C. (2000). Scientific Literacy: A Conceptual Overview. Science 

Education, 85(1), 71–73. https://doi.org/10.1002/(SICI)1098-

237X(200001)84 

Lee, D., & Chang, Y. (2018). Bioflocculants from isolated stains : A research 

update. Journal of the Taiwan Institute of Chemical Engineers, 0, 1–5. 

https://doi.org/10.1016/j.jtice.2018.03.037 

Linkwitz, M., & Eilks, I. (2022). An Action Research Teacher’s Journey while 

Integrating Green Chemistry into the High School Chemistry Curriculum. 



110 

 

Sustainability (Switzerland), 14(17), 1–14. 

https://doi.org/10.3390/su141710621 

Liu, Z., Zhou, L., Liu, F., Gao, M., Wang, J., Zhang, A., & Liu, Y. (2019). Impact 

of Al-based coagulants on the formation of aerobic granules: Comparison 

between poly aluminum chloride (PAC) and aluminum sulfate (AS). Science 

of the Total Environment, 685(13), 74–84. 

https://doi.org/10.1016/j.scitotenv.2019.05.306 

Mochtar, N. E., Gasim, H., Hendarman, Indrastusi, N., Wijiasih, A., Suryana, C.,  

Tartila, S. L. (2014). Pendidikan untuk Pembangunan Berkelanjutan di 

Indonesia Implementasi dan Kisah Sukses. Jakarta: Komisi 

Nasionallndonesia untuk UNESCO (KNIU) Kementerian Pendidikan dan 

Kebudayaan Tahun. 

Momeni, M. M., Kahforoushan, D., Abbasi, F., & Ghanbarian, S. (2018). Using 

Chitosan/CHPATC as coagulant to remove color and turbidity of industrial 

wastewater: Optimization through RSM design. Journal of Environmental 

Management, 211, 347–355. https://doi.org/10.1016/j.jenvman.2018.01.031 

Nyström, F. (2019). Coagulation process characteristics and pollutant removal 

from urban runoff. 

OECD. (2018). PISA 2018 Assessment and Analytical Framework. Paris. 

Owodunni, A. A., & Ismail, S. (2021). Revolutionary technique for sustainable 

plant-based green coagulants in industrial wastewater treatment—A review. 

Journal of Water Process Engineering, 42(2), 102096. 

https://doi.org/10.1016/j.jwpe.2021.102096 

Pamuk, S., Elmas, R., & Saban, Y. (2022). A Modeling Study on Science 

Teachers’ Sustainable Development Knowledge, Attitudes and Practices. 

Sustainability (Switzerland), 14(16), 1–14. 

https://doi.org/10.3390/su141610437 

Perkasa, M. (2017). Pembelajaran Kimia Berorientasi Sustainable Development 

untuk Meningkatkan Kesadaran Siswa Terhadap Lingkungan Sustainable 

Chemistry Oriented on Chemistry Learning to Increase Student Awareness to 

the Environment, VI(2), 63–72. 

Perkasa, M., & Aznam, N. (2016). Pengembangan SSP kimia berbasis pendidikan 



111 

 

berkelanjutan untuk meningkatkan literasi kimia dan kesadaran terhadap 

lingkungan. Jurnal Inovasi Pendidikan IPA, 2(1), 46. 

https://doi.org/10.21831/jipi.v2i1.10269 

Rauch, F. (2015). CHAPTER 2. Education for Sustainable Development and 

Chemistry Education. Worldwide Trends in Green Chemistry Education, 

(January), 16–26. https://doi.org/10.1039/9781782621942-00016 

Rauch, F. (2016). Education for Sustainable Development and Chemistry 

Education. In Worldwide Trends in Green Chemistry Education (pp. 16–26). 

https://doi.org/10.1039/9781782621942-00016 

Ridha, I., Hasan, M., & Sulastri. (2020). Comparing environmental awareness 

between chemistry education students and non-chemistry education students. 

Journal of Physics: Conference Series, 1460(1). 

https://doi.org/10.1088/1742-6596/1460/1/012085 

Ruthven, K., Laborde, C., Leach, J., & Tiberghien, A. (2009). Design Tools in 

Didactical Research: Instrumenting the Epistemological and Cognitive 

Aspects of the Design of Teaching Sequences. Educational Researcher. 

https://doi.org/10.3102/0013189X09338513 

Saleem, M., & Bachmann, R. T. (2018). A Contemporary Review on Plant-Based 

Coagulants for Applications in Water Treatment. Journal of Industrial and 

Engineering Chemistry. https://doi.org/10.1016/j.jiec.2018.12.029 

Samet, C., & Valiyaveettil, S. (2018). Fruit and Vegetable Peels as E ffi cient 

Renewable Adsorbents for Removal of Pollutants from Water: A Research 

Experience for General Chemistry Students. Journal of Chemical Education. 

https://doi.org/10.1021/acs.jchemed.8b00240 

Sanghi, R., Bhattacharya, B., Dixit, A., & Singh, V. (2006). Ipomoea dasysperma 

seed gum: An effective natural coagulant for the decolorization of textile dye 

solutions. Journal of Environmental Management, 81(1), 36–41. 

https://doi.org/10.1016/j.jenvman.2005.09.015 

Sciban, M., Klašnja, M., Antov, M., & Škrbic, B. (2009). Bioresource Technology 

Removal of water turbidity by natural coagulants obtained from chestnut and 

acorn. Bioresource Technology, 100, 6639–6643. 

https://doi.org/10.1016/j.biortech.2009.06.047 



112 

 

Segara, N. B. (2015). EDUCATION for SUSTAINABLE DEVELOPMENT 

(ESD) SEBUAH UPAYA MEWUJUDKAN KELESTARIAN 

LINGKUNGAN. SOSIO DIDAKTIKA: Social Science Education Journal, 

2(1), 22–30. https://doi.org/10.15408/sd.v2i1.1349 

Shaw, R., & Oikawa, Y. (2014). Education for Sustainable Development and 

Disaster Risk Reduction. UNISDR. Risk Returns. Tokyo: Springer. 

Spellman, F. R. (2013). Handbook of Water and Wastewater Treatment Plant 

Operations. Handbook of Water and Wastewater Treatment Plant 

Operations. https://doi.org/10.1201/b15579 

Sugiharto. (2016). Dasar-dasar pengelolaan air limbah. UI Press. 

Suharsimi, A. (2013). Prosedur Penelitian Suatu Pendekatan Praktik. Edisi 

Revisi. Jakarta: PT. Rineka Cipta. 

Suhartinah, S., Hidayati, Y., Qomaria, N., & Hadi, W. P. (2019). Studi korelasi 

antara sikap peduli lingkungan dengan kemampuan literasi sains siswa smp 

pada materi ekosistem. Natural Science Education Reseach, 2(1), 77–84. 

Suopajarvi, T. (2015). Functionalized nanocelluloses in wastewater treatment 

applications. Finlandia: University of Oulu. 

Suryadi, D. (2011). Didactical Design Research (DDR) Dalam Pengembangan 

Pembelajaran Matematika. Joint-Conference UPI, (April). 

To, M. H., Uisan, K., Ok, Y. S., Pleissner, D., Sze, C., & Lin, K. (2018). Recent 

trends in green and sustainable chemistry : rethinking textile waste in a 

circular economy. Current Opinion in Green and Sustainable Chemistry, 

20(December), 1–10. https://doi.org/10.1016/j.cogsc.2019.06.002 

UNESCO. (2014). Shaping the Future We Want UN Decade of Education for 

Sustainable Development (2005-2014) Final Report. 

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

objectives. Sustainbale Development Goals. Retrieved from 

https://unesdoc.unesco.org/ark:/48223/pf0000247444?utm_sq=gj34xbfn94 

Verma, A. K., Dash, R. R., & Bhunia, P. (2012). A review on chemical 

coagulation/flocculation technologies for removal of colour from textile 

wastewaters. Journal of Environmental Management, 93(1), 154–168. 

https://doi.org/10.1016/j.jenvman.2011.09.012 



113 

 

Zidny, R., Sjöström, J., & Eilks, I. (2022). Correction to: A Multi-Perspective 

Reflection on How Indigenous Knowledge and Related Ideas Can Improve 

Science Education for Sustainability (Science & Education, (2020), 29, 1, 

(145-185), 10.1007/s11191-019-00100-x). Science and Education, 31(1), 

265–266. https://doi.org/10.1007/s11191-021-00194-2 

Zubaidah, S. (2019). Mengenal 4C : Learning and Innovation Skills untuk 

Menghadapi Era Revolusi Industri 4.0. In 2nd Science Education National 

Conference (pp. 0–18). Malang: Universitas Negeri Malang. 


