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Abstract: This study aims to analyze student environmental literacy from the aspect of
physical and ecological systems, social, cultural, and political systems, environmental
Issues, multiple solutions to environmental issues, and citizen participation and action
strategies. The research subjects were 70 students of chemistry education and physics
education at Malikussaleh University which is taught by learning Project Based
Learning (PjBL) integrated with STEM. Research results in the overall average
environmental literacy ability of students are 74 by category good, there are 14 students
with very good environmental literacy skills, 50 students in the good category, and 6
students in the sufficient category. If viewed from environmental literacy indicators
obtain the average value of students who answer correctly different questions, namely
physical and ecological systems by 80%, social, cultural, and political systems by 70%,
environmental issues by 68.1%, multiple solutions to environmental issues of 58.58%,
and citizen participation and action strategies namely 86.1%.
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Introduction

The era of globalization has had an impact wide
enough in various aspects of life, including claims for
maintenance education (Karimova et al., 2022; Lin et al.,
2020; Stofkova et al., 2020) College is responsible for
producing graduates competent. Graduates must have
competence based on demands that have knowledge,
attitudes, skills, character, and emotional maturity
(Arsanti et al., 2021; Bancin, 2017; Ginting et al., 2020).
The learning model is very influential on the final ability
of students. The use of learning models is useful to
generate enthusiasm for learning, as well as increase
student motivation to play an active role in the learning
process (Fajri et al., 2021; Islam et al., 2018).

The 2013 curriculum has provided a reference in the
selection of appropriate learning models with a scientific
approach and prepared students to face the challenges
of the times. Model One of the intended learning is
project-based learning (PjBL). PjBL implementation can
increase student creativity (Oktaviani et al., 2021; Putri
et al, 2020). PjBL is learning student-centered and

How to Cite:

innovative teacher as a motivator, students have the
opportunity to work autonomously to construct their
learning (P. D. Anggraini et al., 2021). The advantages of
PjBL between others are group working, social
interaction, and problems solving skills as well as
learning how to use equipment or programs (Aksela et
al., 2019; Muliaman et al., 2020). Thus, PjBL isn’t limited
in terms of knowledge and information, but rather with
their teacher’s help, it provides students with the
opportunity to transform themselves during the
learning process. Knowing how to solve problems,
working collaboratively, and thinking innovatively are
considered to be 21st-century essential skills. Therefore,
PjBL is generally accepted as an effective method for
teaching processes, such as problem-solving and
decision-making (Efstratia, 2014; Muliaman et al., 2020).

To remain competitive globally, a lot of the state
calls for increased studies in the field of Science,
Technology, Engineering, and Mathematics (STEM) at
all levels of education. Based learning STEM is
alternative learning that could potentially be used for
building 21st-century skills (Anggraini et al., 2021;
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Beswick et al., 2019; Permanasari, 2016; Stehle et al.,
2019; Badlisyah et al., 2022).

STEM can be a determining factor and economic
development, educational programs, and strong
protection for a country (Aninda et al., 2020). STEM in
learning can encourage students to design, develop and
utilize technology, sharpening cognitive, manipulative,
and effective, and apply knowledge (Jannah et al., 2021;
Kapila et al., 2014). Many studies have been conducted
related to STEM implementation. Proven STEM
implementation improves students' mastery of concepts
(Aldi et al., 2022; Hariyanto et al., 2019; Ningkaula et al.,
2021), problem-solving skills (Huang et al., 2016;
Traphagen et al., 2014) critical thinking (Dywan et al,,
2020; Wahono et al., 2020; Widiyawati et al., 2020),
reasoning (Alfieri et al, 2015; Ding et al, 2016),
elementary level students' scientific literacy (Afriana et
al,, 2016; Mellyzar et al., 2022) and medium (Ismail et al.,
2016).

PjBL and STEM have complementary advantages
and disadvantages. In PjBL students understand
concepts by making products, while in STEM learning
there is a design and redesign process (engineering
design process) that makes students produce their best
products Indonesia is in the information age which is
synonymous with the literacy era. The literacy era
describes the ability to interact, communicate, and
actualize which is expressed verbally and in writing
(Irianto et al., 2017).

Many studies examine STEM-integrated PjBL
abilities in scientific literacy, but there is still a lack of
research that analyzes the ability of students'
environmental literacy aspects. Environmental literacy
includes awareness, knowledge, and behavior in
protecting the environment (Komariah et al.,, 2020).
Students with high environmental literacy values will
also have high environmental care behavior which is
manifested in the way they act in dealing with
environmental issues (Pratama et al., 2020).

Environmental problems are becoming
increasingly difficult and complex from time to time,
humans tend to overuse natural resources without
trying to regenerate them. Humans use coastal land to
build factories, ports, agricultural land, and coastal
reclamation which worsens land conditions. This
problem is mostly caused by people's behavior that
threatens the environment badly. This is closely related
to public education and the way humans acquire
environmental literacy in educational units (Roshayanti
et al., 2019). The goal of increasing environmental
literacy is to prepare people to understand and
overcome these problems (Komariah et al., 2020).

Environmental literacy is a skill that must be
instilled to shape human character, the American
Association of Colleges of Teacher Education (AACTE)

January 2023, Volume 9 Issue 1, 242-248

has raised environmental literacy to a crucial theme as
part of 21st-century learning. The implementation of
STEM in Physics courses opens opportunities for
improving students' abilities to apply environmental,
technological, and mathematical knowledge as well as
being trained to be creative in designing solutions to
environmental problems. So, from that, STEM
implementation is strongly suspected of being able to
actualize lecture goals. Environmental literacy serves to
build students' understanding of the main concepts
based on phenomena. Then this understanding becomes
the capital for applying knowledge to solve
environmental problems with unlimited sources
through the use of technology (Adisendjaja et al., 2007;
Haristy et al., 2013). This study aims to analyze students'
environmental literacy from the aspects of physical and
ecological systems, social, cultural, and political
systems, environmental issues, multiple solutions to
environmental issues, and citizen participation and
action strategies (Hollweg et al., 2011).

Method

This type of research is descriptive quantitative, to
describe students' ability to environmental literacy. The
capabilities analyzed correspond to aspects of
environmental literacy, namely aspects of physical and
ecological systems, social, cultural, and political
systems, environmental issues, multiple solutions to
environmental issues, and citizen participation and
action strategies. The first step is carried out by
developing environmental literacy questions and
carrying out PjBL-based learning that is integrated with
STEM. In measuring students' environmental literacy
abilities, the approach used is quantitative. Data
collection uses environmental literacy questions that are
valid and reliable. The research sample was 70 students
of Physics Education and Chemistry Education at
Universitas Malikussaleh in the Odd Semester of the
2022/2023 Academic Year. The environmental literacy
scores are calculated using the average percentage
technique for each aspect, then the results obtained are
interpreted using a table of criteria as follows.

Table 1. Interpretation Criteria Score (Djaali et al., 2008)

Interval Percentage (%) Criteria
86 <N <100 Very Good
72 <N <86 Good
58 <N<72 Enough
43 <N <58 Low
N <43 Very Low

Result and Discussion

The initial stage of the research was to develop

environmental literacy instruments that were validated.
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The questions developed amounted to 15 questions.
Results the instrument developed was an environmental
literacy assessment instrument on environmental
pollution. The product is validated theoretically this
validity wusing the content validity coefficient.
Theoretical validity is carried out to get an assessment
from the expert. The final product obtained consists of
15 questions which have been validated by 6 experts.
Analysis of the theoretical validity score used the Aiken

Table 2. Validation Score Analysis of the Aiken Index
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formula adjusted for the Aiken index. Based on the
analysis using the Aiken index, the items are valid and
appropriate to use if the value of V > 0.78 for six raters
(Aiken, 1985). The results of the validation score analysis
with the Aiken formula for environmental literacy
assessment instruments on environmental pollution
material with an average of = 0.80 are in the high
category. In detail, it can be seen in Table 2.

Aspects of Environmental Literacy Item Indicator Aiken Index  Average
Physical and ecological systems 1 Knowing the relationship between ecosystem 0.83 0.87
balance systems
2 Knowing the relationship between ecosystem 0.83
balance systems
3  Know the impact of human activities on climate 0.94
change
Social, cultural, and political systems 4  Know the system of laws or laws that regulate 0.83 0.87
the environment
5 Know the system of laws or laws that regulate 0.89
the environment
6 Knowing community beliefs and customary 0.89
laws that affect the maintenance of ecosystems
Environmental Issue 7 Know the causes of various environmental 0.94 0.89
problems that arise due to natural biophysical
impacts
8 Know the causes of various environmental 0.83
problems that arise due to human conflicts
9 Know the causes of various environmental 0.89
problems that arise due to human conflicts
Multiple solutions to environmental issues 10 Know solutions to environmental problems 0.83 0.83
including efforts that have been or are being
made
11 Know solutions or alternatives to overcome 0.83
environmental problems in the future
Citizen participation and action strategies 12 Know what actions can positively improve and 1.00 0.92
maintain the environmental
13 Know any actions that can negatively reduce the 0.83
quality of the environment
14 Know any actions that can negatively reduce the 0.89
quality of the environment
15 Know any actions that can negatively reduce the 0.94
quality of the environment
Average Aiken Index 0.88

Environmental literacy questions that have been
developed were tested on 70 students in Chemistry
Education and Physics Education at Malikussaleh
University. The percentage of student answers as a
whole can be seen in Figure 1.

Overall, the average environmental literacy ability
of students is 74 in the good category, there were 14
students with very good environmental literacy skills, 50
students in the good category, and 6 students in the
sufficient category.

The results of environmental literacy skills in the
good category are obtained from a combination of all
aspects of environmental literacy. With the student
literacy scores obtained, it can be said that students who
are taught with STEM-integrated PjBL learning are
already literate with environmental literacy, namely
being able to apply concepts or facts obtained from
natural phenomena that occur in everyday life. Good
environmental literacy skills mean that students have
awareness and concern for the environment. In line with
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the opinion (Nasution, 2021) environmental education

can increase the attitude toward loving the environment.
88.57 84.29

1 2

67.14 7143 (g 57

Student Answered Correctly (%)

57.14

7
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Question Number

Figure 1. Environmental literacy value of students with STEM-integrated PjBL

This good student environmental literacy is also
influenced by the student's habits. Most of the Physics
and Chemistry Education students at Malikussaleh
University come from areas that still have strong
interaction with the environment, are more sensitive to
environmental conditions, and solve many
environmental problems. Research (N. Anggraini et al.,
2021) says that students that come from rural areas
usually have an attitude that cares more about the
environment. In detail, the categories and number of
students can be seen in Table 3.

Table 3. The Criteria for Environmental Literacy Values

Percentage Interval (%) Criteria Students
86 < N <100 Very Good 14
72< N<86 Good 50
58 < N<72 Enough 6

From Figure 1 questions number 1, 12, 14, and 15
questions the most correctly answered, more than 85%
of students can answer them correctly. The highest
percentage in question number 14 is 94.29% or 66
students out of 70 students can answer correctly. This
question measures aspects of environmental literacy,
namely citizen participation and action strategies with
achievement indicators. Knowing what actions can
positively improve and maintain the environment.
While the question with the least percentage of students,
namely 42.86%, could answer question number 11 with
the aspect of environmental literacy being measured as
multiple solutions to environmental issues with
indicators of knowing solutions or alternatives to
address future environmental problems.

The percentage is based on environmental literacy
aspects which can be seen in Figure 2.

92.86 94.29
85.71
77.14
74.29 71.43
I I I I I
11 12 13 14 15
58.58

86.1

80
I 70 68'1

Psycal and Social, Environmet Multiple Citizen
ecological  cultural, and issue solutions to  participation
systems political environmental and action

system issue

Figure 2. Percentage of student abilities based on aspects of
environmental literacy

Based on a comparison of the average aspect of
environmental literacy, the smallest proportion is
58.58% in several aspects of environmental problem
solutions with indicators of the ability to have
knowledge about solutions to environmental problems
including efforts that have been or are being carried out
and have knowledge of solutions or alternatives to
overcome problems future environment. The low
proportion can be caused by the lack of experience of
students related to solving environmental problems This
is in line with research (Ozsoy et al., 2012) which states
that students' low environmental literacy is due to the
lack of direct experience for students to interact with the
environment.

Conclusion

Based on existing data, it can be concluded that the
overall average score of students' environmental literacy
is 74 in the good category. Out of 70 students, 14
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students with environmental literacy skills were in the
very good category, 50 students were in a good category,
and 6 students were in the sufficient category. If viewed
from environmental literacy indicators, the average
score of students who correctly answered different
questions was 80% physical and ecological systems, 70%
social, cultural, and political systems, 68.1%
environmental issues, multiple solutions to
environmental issues 58.58%, and citizen participation
and action strategies, namely 86.1%. From these data,
student environmental literacy is classified as good with
PjBL learning integrated with STEM.

Acknowledgments

The author would like to thank profusely, To AKSI-
ADB Malikussaleh University for its funding in the
Research Grant for Young Researcher scheme.

References

Adisendjaja, Y. H., & Romlah, O. (2007). Analisis buku
ajar sains berdasarkan literasi ilmiah sebagai dasar
untuk memilih buku ajar sains (Biologi). Seminar
Pendidikan Nasional Di Jurusan Pendidikan Biologi
FMIPA, 1-8. shorturl.at/pzUX3

Afriana, J., Permanasari, A., & Fitriani, A. (2016). Project
based learning integrated to stem to enhance
elementary school’s students scientific literacy.
Jurnal Pendidikan IPA Indonesia, 5(2), 261-267.
https://doi.org/10.15294 /jpii.v5i2.5493

Aiken, L. R. (1985). Three coefficients for analysing the
reliability and validity of ratings. Educational and
Psychological ~ Measurement, — 45(1),  131-142.
https:/ /doi.org/10.1177/0013164485451012

Aksela, M., & Haatainen, O. (2019). Project-based
learning (PBL) in practise: Active teachers’ views of
it advantages and challenges." Integrated
Education for the Real World (2019). Integrated
Education for the Real World : 5th International STEM
in Education Conference Post-Conference Proceedings,
9-16. shorturl.at/ hptF]J

Aldi, M. D. M., Doyan, A., & Susilawati, S. (2022).
Pengembangan Perangkat Pembelajaran STEM
Berbantuan ~ Video Pembelajaran ~ Untuk
Meningkatkan Pemahaman Konsep Peserta Didik
Pokok Bahasan Fluida Dinamis. Jurnal Penelitian
Pendidikan IPA, 8(1), 383-387.
https:/ /doi.org/10.29303 /jppipa.v8il.1300

Alfieri, L., Higashi, R., Shoop, R., & D. Schunn, C. (2015).
Case studies of a robot-based game to shape
interests and hone proportional reasoning skill.
International Journal of STEM Education, 2(1), 1-13.
https:/ /doi.org/10.1186/s40594-015-0017-9

January 2023, Volume 9 Issue 1, 242-248

Anggraini, F. I, & Huzaifah, S. (2021). Implementasi
STEM dalam pembelajaran IPA di sekolah
menengah pertama. In Seminar Nasional Pendidikan
IPA, 1(1), 722-731.
http:/ / conference.unsri.ac.id/index.php/semnasi
pa/article/view/738/355

Anggraini, N., Nazip, K., Wardhani, P. K., & Andriani,
D. S. (2021). Analysis of Environmental Literacy
Skill of Biology Teacher Candidates in Human and
Environmental Courses. SE] (Science Education
Journal), 5(1), 29-40.
https:/ /doi.org/10.33369/ pendipa.5.3.309-315

Anggraini, P. D., & Wulandari, S. S. (2021). Analisis
penggunaan model pembelajaran project based
learning dalam peningkatan keaktifan siswa. Jurnal
Pendidikan Administrasi Perkantoran (JPAP), 9(2),
292-299.
https:/ /doi.org/10.26740/jpap.vOn2.p292-299

Aninda, A., Permanasari, A., & Ardianto, D. (2020).
Implementasi pembelajaran berbasis proyek pada
materi pencemaran lingkungan untuk
meningkatkan literasi stem siswa SMA. Journal of

Science  Education and  Practice, 3(2), 1-16.
https:/ /doi.org/10.33751/jsep.v3i2.1719

Arsanti, M., Zulaeha, I, & Subiyantoro, S. (2021).
Tuntutan Kompetensi 4C Abad 21 dalam
Pendidikan ~di  Perguruan Tinggi untuk

Menghadapi Era Society 5.0. Prosiding Seminar
Nasional Pascasarjana (PROSNAMPAS), 4(1), 319-
324.

https:/ / proceeding.unnes.ac.id/index.php/snpas
ca/article/view /895

Bancin, A. (2017). Sistem Penjaminan Mutu Perguruan
Tinggi. Jurnal Manajemen Pendidikan Indonesia, 9(1),
1-12.
https:/ /jurnal.unimed.ac.id/2012/index.php/jmp
i/article/view /9723

Beswick, K., & Fraser, S. (2019). Developing mathematics
teachers’ 21st century competence for teaching in
STEM contexts. ZDM, 51(6), 955-965.
https:/ /doi.org/10.1007 /s11858-019-01084-2

Ding, L., Wei, X., & Mollohan, K. (2016). Does higher
education improve student scientific reasoning
skills?  International  Journal of Science and
Mathematics Education, 14(4), 619-634.
https:/ /doi.org/10.1007/510763-014-9597-y

Djaali, D., & Mulyono, P. (2008). Pengukuran dalam
Bidang Pendidikan. Grasindo.

Dywan, A. A., & Airlanda, G. S. (2020). Efektivitas model
pembelajaran project based learning berbasis stem
dan tidak berbasis STEM terhadap kemampuan
berpikir kritis siswa. Jurnal Basicedu, 4(2), 344-354.
https:/ /doi.org/10.31004/ basicedu.v4i2.353

Efstratia, D. (2014). Experiential education through
project based learning. Procedia-Social and Behavioral

246



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Sciences, 152, 1256-1260.
https:/ /doi.org/10.1016/j.sbspro.2014.09.362

Fajri, Z., Baharun, H., Muali, C. Farida, L., &
Wahyuningtiyas, Y. (2021). Student’s Learning
Motivation and Interest; The Effectiveness of
Online Learning during COVID-19 Pandemic.
Journal of Physics: Conference Series, 1899(1), 012178.
https://doi.org/10.1088/1742-
6596/1899/1/012178

Ginting, F. W., Muliaman, A., Lukman, I. R., & Mellyzar,
M. (2020). Analysis of the readiness of education
study program students to become pre-service
teacher based on teacher competency standards.
Jurnal  Pendidikan  Fisika,  9(2),  120-127.
https:/ /doi.org/10.22611/jpf.v9i2.20941

Haristy, D. R., Enawaty, E. & Lestari, 1. (2013).
Pembelajaran berbasis literasi sains pada materi
larutan elektrolit dan non elektrolit di sma negeri 1
pontianak. Jurnal Pendidikan Dan Pembelajaran
Khatulistiwa, 2(12), 1-13.
https://doi.org/10.26418 /jppk.v2i12.4002

Hariyanto, H., Yamtinah, S., Sukarmin, S., Saputro, S., &
Mahardiani, L. (2019). Penerapan model project
based learning (PjBL) terintergrasi pendekatan
STEM dalam meningkatkan pemahamahan konsep
peserta didik di salah satu sekolah daerah
Tangerang Selatan. Prosiding SNPS (Seminar

Nasional Pendidikan Sains), 256-261.
https:/ /jurnal fkip.uns.ac.id/index.php/snps/arti
cle/view /12848

Hollweg, K. S., Taylor, J. R, W. Bybee, R, ]
Marcinkowski, T., C. McBeth, W., & Zoido, P.
(2011). Developing a framework for assessing
environmental literacy. Washington, DC: North
American Association for Environmental Education,
122.

Huang, N.-T. N., Chiu, L.-J.,, & Hong, J.-C. (2016).
Relationship among students’ problem-solving
attitude, perceived value, behavioral attitude, and
intention to participate in a science and technology
contest. International Journal of Science and
Mathematics Education, 14(8), 1419-1435.
https:/ /doi.org/10.1007 /s10763-015-9665-y

Irianto, P. O., & Febrianti, L. Y. (2017). Pentingnya
penguasaan literasi bagi generasi muda dalam
menghadapi MEA. Proceedings Education and
Language International Conference., 1(1), 640-647.
http:/ /lppm-
unissula.com/jurnal.unissula.ac.id/index.php/EL
IC/article/view /1282 /989

Islam, S., Baharun, H., Muali, C., Ghufron, M. I, Bali, M.
el I, Wijaya, M., & Marzuki, 1. (2018). To boost
students’ motivation and achievement through
blended learning. Journal of Physics: Conference
Series, 1114(1), 012046.

January 2023, Volume 9 Issue 1, 242-248

https:/ /doi.org/10.1088 /1742-
6596/1114/1/012046

Ismail, I., Permanasari, A., & Setiawan, W. (2016). Stem
virtual lab: An alternative practical media to
enhance student’s scientific literacy. Jurnal
Pendidikan ~ IPA  Indonesia,  5(2),  239-246.
https:/ /doi.org/10.15294 /jpii.v5i2.5492

Jannah, M., Oviana, W., & Nurhalizha, 1. (2021).
Pengembangan Modul Ipa Berbasis Islamic Science
Technology Engineering and Mathematics Pada
Materi Hukum Newton. Edusains, 13(1), 83-94.
https:/ /doi.org/10.15408/es.v13i1.13805

Kapila, V., & Iskander, M. (2014). Lessons learned from
conducting a K-12 project to revitalize achievement
by using instrumentation in Science Education.

Journal of STEM  Education, 15(1), 46-51.
https:/ /www .learntechlib.org/p/148286/
Karimova, G., & Makhamadaliev, L. (2022). The

importance of innovative ideas in increasing the
effectiveness of education. Asian Journal of Research
in Social Sciences and Humanities, 12(6), 143-148.
https:/ /doi.org/10.5958 /2249-7315.2022.00352.5

Komariah, N., Yusup, P. M., Saepudin, E., & Rodiah, S.
(2020). Diseminasi Informasi Peduli Lingkungan
pada Masyarakat Desa Paledah Kabupaten
Pangandaran. Dharmakarya, 9I1), 34-37.
https:/ /doi.org/10.24198 /dharmakarya.v9i1.1946
8

Lin, F., & X. Long, C. (2020). The impact of globalization
on youth education: Empirical evidence from
China’s WTO accession. Journal of Economic Behavior
& Organization, 178, 820-839.
https:/ /doi.org/10.1016/j.jebo.2020.08.024

Muliaman, A., & Mellyzar, M. (2020). Peningkatan Hasil
Belajar Menggunakan Model Project Based
Learning Pada Materi Laju Reaksi. Chemistry in
Education, 9(2), 91-95.
https:/ /journal.unnes.ac.id/sju/index.php/chemi
ned/article/view /42771

Nasution, R. (2021). Analisis tingkat literasi lingkungan
mahasiswa FKIP Universitas Mulawarman dengan
transformasi skor NELA (National Environmental
Literacy Assessment). Jurnal Ilmiah BioSmart (JIBS),
7(1), 38-51. https:/ /doi.org/10.30872/jibs.v1i1.423

Ningkaula, T. A,, Laliyo, L. A. R, Iyabu, H., & Abdullah,
R. (2021). Dampak Model Discovery Learning
Pendekatan STEM Terhadap Pemahaman Konsep
Hidrolisis Garam Siswa SMA. Jurnal Pendidikan
Kimia Indonesia, 5(2), 76-84.
https:/ /doi.org/10.23887/jpk.v5i1.28871

Oktaviani, C., & Mellyzar, M. (2021). Implementasi
Pembuatan Bahan Ajar Pocket Book Sebagai Upaya
Peningkatan pemahaman Konsep dan Kreativitas
Mahasiswa. Lantanida Journal, 8(2), 157-167.
https:/ /doi.org/10.22373/1j.v8i2.8038

247



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Ozsoy, S., Ertepinar, H., & Saglam, N. (2012). Can eco-
schools improve elementary school students’
environmental literacy levels. Asia-Pacific Forum on
Science Learning and Teaching, 13(2), 1-25.
https:/ /www.eduhk.hk/apfslt/download/v13_is
sue?_files/ozsoy.pdf

Permanasari, A. (2016). STEM education: Inovasi dalam
pembelajaran sains. In Prosiding SNPS (Seminar
Nasional  Pendidikan  Sains) Vol. 3, 23-34.
https:/ /jurnal fkip.uns.ac.id/index.php/snps/arti
cle/viewFile/9810/7245

Pratama, A.Y., Marpaung, R. R, & Yolida, and B. (2020).
Pengaruh literasi lingkungan terhadap
environmental responsibility siswa kelas XI SMA
Negeri 2 Bandar Lampung. Jurnal Bioterdidik:
Wahana Ekspresi Ilmiah, 8(1), 56-65.
http:/ /repository lppm.unila.ac.id / 24625/

Putri, C. D., Pursitasari, I. D., & Rubini, B. (2020).
Problem based learning terintegrasi STEM di era
pandemi  covid-19  untuk  meningkatkan
keterampilan berpikir kritis siswa. Jurnal IPA &
Pembelajaran IPA, 4(2), 193-204.
https:/ /doi.org/10.24815/jipi.v4i2.17859

Roshayanti, F., Wicaksono, A. G. C., & Minarti, I. B.
(2019). The profile of students” analytical skills in
environmental issues of coastal area. JPBI (Jurnal
Pendidikan  Biologi  Indonesia), 5(1), 33-40.
https:/ /doi.org/10.22219/jpbi.v5il.7574

Stehle, S. M., & E. Peters-Burton, E. (2019). Developing
student 21 st Century skills in selected exemplary
inclusive STEM high schools. International Journal of
STEM Education, 6(1), 1-15.
https:/ /doi.org/10.14456 / sujsha.2016.17

Stofkova, Z., & Sukalova, V. (2020). Sustainable
development of human resources in globalization
period. Sustainability, 12(18), 1-14.
https:/ /doi.org/10.3390/su12187681

Traphagen, K., & Traill, S. (2014). How cross-sector
collaborations are advancing STEM learning. 1-8.

Wabhono, B., Lin, P.-L., & Chang, C.-Y. (2020). Evidence
of STEM enactment effectiveness in Asian student
learning outcomes. International Journal of STEM
Education, 7(1), 1-18.
https:/ /doi.org/10.1186/s40594-020-00236-1

Widiyawati, Y., Nurwahidah, L., Sari, D. S., Masykuri,
M., & Budiyanto, C. W. (2020). STEM-Project Based
Learning Integration On Bioacoustics Worksheet
To Enhance Critical Thinking Skills. Proceedings of
the 4th International Conference on Learning Innovation
and Quality Education, 1-7.
https://doi.org/10.1145/3452144.3452279

January 2023, Volume 9 Issue 1, 242-248

248



