
 

SPEKTRA: Jurnal Kajian Pendidikan Sains, Vol. 12, No. 2, 2026: pp. 393-404 

393 
 

 

INTEGRATION OF PJBL-SETS IN MULTIMODAL TEACHING 

MATERIALS TO IMPROVE STUDENTS' SCIENCE LITERACY AND 

ENVIRONMENTAL AWARENESS 
 

Ruhama Desy M1, Teuku Hadi Wibowo2  
1,2 Faculty of Teacher Training and Education, Universitas Samudra, Langsa, Indonesia  

 

Article Info 
 

ABSTRAK 

Article history: 

Received 26/05/2026 

Accepted 22/09/2026 

Published 07/10/2026 

 

 Improving thinking skills in learning can be done through the 

application of learning methods that suit the needs of students. This 

study aims to examine the integration of the Project-Based Learning 

(PjBL) model with the Science, Environment, Technology, and 

Society (SETS) approach in multimodal teaching materials that can 

improve students' science literacy and environmental concern. 

Learning that is still theoretical and less contextual causes a low ability 

of students to relate science concepts to real life. In addition, this 

research aims to analyze the effectiveness of project-based learning 

that is integrated with science, environment, technology, and society 

approaches and supported by multimodal teaching materials in 

improving students' science literacy and environmental concern for 

vertebrate materials in mangrove ecosystems. The method used is a 

quasi-experiment with a pretest-posttest control group design. The 

research subjects consisted of 25 students of Biology Education FKIP 

UNSAM, 19 students of Biology Study Program of Science and 

Technology of UNSAM and 23 students of Tadris Study Program 

FITK UINSU. Data were collected through science literacy tests and 

environmental awareness questionnaires, then analyzed using 

improvement scores and percentages. The results of the study showed 

that students' science literacy increased significantly in the high 

category, while environmental awareness was in the sufficient 

category. These findings show that project-based learning combined 

with contextual approaches and multimodal teaching materials is 

effective in improving students' cognitive abilities and attitudes. The 

implications of this study emphasize the importance of implementing 

innovative learning strategies to create meaningful learning that is 

relevant to environmental issues. 
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1. INTRODUCTION  

 

The development of high-level thinking skills, science literacy, and character formation 

that cares about the environment are one of the learning transformations in the 21st century that 

does not only focus on concepts. In the global context, environmental issues such as climate 

change, ecosystem degradation, and pollution are serious challenges that require the active role of 

the young generation as agents of change (Luthfia, 2025). Therefore, education has a strategic role 
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in shaping individuals who not only understand scientific concepts, but also have awareness and 

concern for the environment. However, various studies show that students' environmental concern 

is still relatively low. This is shown by the lack of active involvement of students in protecting the 

environment and the low ability to relate science concepts to real problems around them (Ridho et 

al., 2021). This condition is inseparable from learning practices that still tend to be theoretical and 

less contextual. Teacher-centered learning causes students to become passive and lack meaningful 

learning experiences. In addition, students' science literacy is also an important concern (Cairns, 

2025). Science literacy includes not only understanding concepts, but also the ability to interpret 

data, evaluate information, and make decisions based on scientific evidence. 

Low science literacy has an impact on students' low ability to understand environmental 

issues critically. This is in line with the findings that there is a close relationship between science 

literacy and environmental concern, where individuals with good science literacy tend to have 

higher attitudes of caring for the environment (Faize & Akhtar, 2020). In the context of science 

learning, an approach that is able to integrate knowledge with real-life contexts is needed. One 

relevant approach is Project-Based Learning (PjBL). This model emphasizes the active 

involvement of students in solving real problems through structured project activities.  

Project-Based Learning (PjBL) has been widely researched as an effective learning model 

in improving various competencies in the 21st century. PjBL allows students to learn through 

hands-on experience, so that learning becomes more meaningful. The results of the study show 

that PjBL is able to improve science literacy, critical thinking skills, and environmental concern 

for students. The application of PjBL in environmental learning has been proven to be able to 

increase environmental awareness through student involvement in real projects related to 

environmental problems (Herman et al., 2020). Other research also shows that PjBL has a positive 

influence on environmental care, because students are directly involved in activities that demand 

responsibility for the environment (Safitri et al., 2021). The integration of PjBL with the concept 

of sustainability or Sustainable Development Goals (SDGs) has also been proven to be able to 

increase students' awareness of sustainability. This shows that project-based learning has great 

potential in shaping the character of caring for the environment (Rahmawati et al., 2020). 

However, although PjBL has proven to be effective, its implementation still faces various 

challenges, such as the limitation of teaching materials that support project-based learning and the 

lack of integration with contextual approaches. Therefore, innovation is needed in the development 

of teaching materials that are able to support the implementation of PjBL optimally. One of the 

approaches that can be integrated with PjBL is the Science, Environment, Technology, and Society 

(SETS) approach (Rustana et al., 2021). The SETS approach emphasizes the interconnectedness 

between science concepts and the environment, technology, and society, so that learning becomes 

more contextual. This approach allows students to understand that the concept of science does not 

stand alone, but has real implications in everyday life (Chandra et al., 2020).  

In addition to learning models and approaches, teaching materials also have an important 

role in determining the success of learning. Innovative teaching materials can increase student 

engagement and facilitate a deeper understanding of concepts (Tran & Nagirikandalage, 2025). 

One of the innovations in the development of teaching materials is the use of multimodal teaching 

materials, which are teaching materials that integrate various forms of representation such as text, 

images, audio, video, and digital interaction (Zenouzagh et al., 2023). Recent research shows that 

PjBL-based teaching materials in the form of e-modules are able to significantly increase students' 
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environmental awareness and problem-solving skills. Environmental awareness increases after the 

use of e-modules and PjBL helps students understand local environmental issues (Handayani et 

al., 2021). This shows that the integration of learning models and innovative learning media can 

have a positive impact on learning outcomes (Prasanti et al., 2023). 

Although various studies have shown the effectiveness of PjBL in improving science 

literacy and environmental awareness, there are still some research gaps. First, most research still 

focuses on one aspect, namely science literacy or environmental concern, without integrating the 

two comprehensively. Second, research that integrates PjBL with the SETS approach is still 

limited, especially in the context of higher education. In fact, this integration has great potential in 

creating contextual and meaningful learning. Third, the use of multimodal teaching materials in 

project-based learning has not been widely studied, especially in the context of science learning in 

specific materials such as mangrove and vertebrate ecosystems. Fourth, most of the previous 

research was conducted at the primary and secondary education levels, so research at the higher 

education level is still very limited.  

The novelty of this research lies in several aspects, namely the integration of three main 

components in the form of PjBL, the SETS approach and multimodal teaching materials that focus 

on student environmental awareness, the context of mangrove ecosystem-based learning, and a 

multidimensional approach. The contribution of this research for the future of the three aspects of 

integration is to maintain the mangrove ecological ecosystem. Mangroves as a means that can be 

used as a literacy environment with all ecosystems in it. 

 

2. METHOD 

 

This study uses a quasi-experimental method with a Pretest-Posttest Control Group Design 

(Creswell & Creswell, 2023), with a sample of 25 people in the Biology Education Study Program, 

FKIP Samudra University, 19 people from the Biology Study Program, Faculty of Science and 

Technology, Samudra University, and 23 people from the Tadris Study Program, FITK UINSU. 

The effectiveness of teaching materials is measured from science literacy and environmental 

awareness test data through science literacy tests in the form of selected objective test questions 

in the form of pretest and post scores. Pretest and post-test questions consist of 20 questions that 

have been tested for students of the Biology Study Program FITK UINSU and are suitable for use. 

Furthermore, it is analyzed using standard n-gain to see whether there is an increase in science 

literacy and student concern in students of the Biology Education Study Program FKIP and the 

Biology Study Program, Faculty of Science, Samudra University. Research from (Riduwan, 2016) 

which uses a quasi-experimental method with a Pretest-Posttest Control Group Design. The 

effectiveness of teaching materials is measured from science literacy and environmental awareness 

test data. The science literacy test is in the form of optional objective test questions in the form of 

pretest and post-test scores and is then analyzed using standard gains to see whether there is an 

increase in science literacy and concern for students of the Biology Education Study Program 

FKIP and the Biology Study Program, Faculty of Saintek, Samudra University and the FITK 

Biology School of the State Islamic University of North Sumatra. 

 

< 𝑔 > = 𝑁 𝑔𝑎𝑖𝑛 =  
(𝑝𝑜𝑠𝑡 − 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒) − (𝑝𝑟𝑒 − 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒)

(𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒) − (𝑝𝑟𝑒 − 𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒)
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The criteria for the N-gain value obtained are interpreted as follows: 

 

Table 1. Interpretation of Gain Value Acquisition (Hake, 2009)  

Average Criteria 

g ≥ 0,70 Height 

0,3 ≤ g < 0,70 Medium 

 g < 0,30 Low 

 

The effectiveness of the teaching materials can be seen from the success of lecturers using 

teaching materials complete with the PjBL model in teaching about vertebrate zoology for students 

and the results of the student environmental concern questionnaire. The calculation of the Student 

Environmental Concern questionnaire will be grouped according to the percentage of respondents' 

answers and become a benchmark in making conclusions, so to get the percentage is adjusted to 

the criteria according to the criteria according to (Sudijono, 2012): 

 

P = 
F

N
x 100% 

 

The variables are defined as follows, P is the percentage of alternative answers, F refers to the 

frequency of respondents' alternative answers, and N represents the sample size of the research. 

To find out the criteria for an attitude of environmental concern was presented in Table 2: 

 

Table 2. Criteria for the Percentage of Environmental Concern Attitude Questionnaire 

Score (%) Category 

0-20 No matter 

21-40 Quite care 

41-60 Quite care 

61-80 Care 

81-100 Very caring 

(Riduwan, 2016) 

 

3. RESULTS AND DISCUSSION 

 

3.1. Scientific Literacy 

  

The effectiveness of the vertebrate PjBL model in mangrove forests using a multimodal 

teaching material was carried out a science literacy test for students (Biology Study Program FITK 

UINSU, Biology Study Program FT UNSAM and Biology Education Study Program FKIP 

UNSAM) as many as 20 questions. In addition to the science literacy test, the test was also carried 

out using environmental awareness questionnaires as a social form of students towards the 

surrounding environment, namely mangrove forests which are rich in benefits both economically 

and in natural sciences, which are related to the lives of all living beings. 

 The results of the science literacy scores of students who have been tested on students 

(Biology Study Program FITK UINSU, Biology Study Program FT UNSAM and Biology 
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Education Study Program FKIP UNSAM) are 20 questions, the results were presented in Table 

3: 

 

Table 3. Student Science Literacy Score Data 

No. Study Programs 

Average Science 

Literacy Score N-Gain Criteria 

Pretest Post-Test 

1 Department of Biology Education FITK 

UINSU 

35 81 0,71 High 

2 Department of Biology Education FKIP 

UNSAM 

35 82 0,72 High 

3 Biology Study Program FT UNSAM 34 83 0,78 High 

 

Judging from the average science literacy score of the Biology Study Program of FITK 

UINSU, the pre-test score of 35 and the post-test score of 81 with an N-Gain value of 0.71 

including high criteria gives a very positive picture of the improvement of student science literacy. 

A pre-test score of 35 indicates the level of science literacy of students before learning. The pre-

test score of 35 shows that before learning, students have a fairly low understanding of vertebrate 

animal material in mangrove forests related to science literacy associated with the concept of 

SETS. After learning was carried out using the PjBL model and multimodal teaching materials 

with the SETS approach, a post-test score of 81 showed that there was a very significant increase 

in understanding and mastery of the material by students who had succeeded in mastering the 

material better after following the learning process that had been designed. The post-test score was 

much higher than the pre-test score showed that the learning carried out succeeded in improving 

students' understanding of vertebrate material in mangrove forests. This significant improvement 

reflects that the material delivered, the learning methods used, and the interactions that occur 

during learning are effective in improving students' science literacy. 

An N-Gain value of 0.71 is within the high criterion, which means that there is a significant 

improvement in students' science literacy after learning. With this score, it can be concluded that 

the learning strategy applied using the vertebrate PjBL model in mangrove forests with the SETS 

approach using multimodal teaching materials has succeeded well in improving students' science 

literacy. This high N-gain value reflects excellent learning quality. The methods applied in the 

learning process successfully facilitate students to master the material better than before, which 

can include improving the understanding of scientific concepts, critical thinking skills, and the 

application of knowledge in real-life contexts.  

The results of the average science literacy score of the Biology Education Study Program 

FKIP UNSAM, the pre-test score of 35 and the post-test score of 82 with an N-Gain value of 0.72 

including high criteria provide a positive picture of the improvement of student science literacy. 

A pre-test score of 35 indicates the level of science literacy of students before participating in 

learning. A pre-test score of 35 shows that students have a relatively low understanding of concepts 

related to animal vertebrate science literacy in mangrove forests before learning begins. After 

learning, a post-test score of 82 shows a very significant increase in students' understanding of the 

material that has been taught. This value indicates that after following the learning process, 
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students have mastered the material better. The pre-test score of 35 and the post-test score of 82 

show that there has been great progress in mastery of the material by students.  

The above results indicate that the learning carried out is very effective in improving 

students' science literacy. With a significant improvement, this reflects the good quality of 

teaching. Students successfully overcome initial difficulties in understanding vertebrate material 

in mangrove forests and showed substantial progress after learning. The N-Gain value of 0.72 was 

in the high criterion, which indicates a significant improvement in the overall material 

understanding of vertebrates in mangrove forests by students. This means that the applied learning 

has succeeded in increasing student knowledge in terms of science literacy, with a considerable 

increase between pre-test and post-test scores. 

The results of the average science literacy score of the FT UNSAM Biology Study Program, the 

pre-test score of 34 and the post-test score of 83 with an N-Gain value of 0.78 including the high criterion 

provide a very positive indication of the improvement of student science literacy. The pre-test score of 34 

shows that students have a fairly low understanding of vertebrates in mangrove forests before learning 

begins. The pre-test score of 34 gives an idea that many students may not have adequate basic knowledge 

about the science topics to be taught. 

After participating in the learning, the post-test score of 83 showed a significant 

improvement. This indicates that students have mastered the material very well after the learning 

process, which illustrates the effectiveness of the teaching strategies applied. The huge difference 

between the pre-test (34) and post-test (83) scores shows that students have made significant 

progress in their understanding of the material. This signifies that learning has successfully 

overcome students' initial knowledge gaps. These excellent results reflect the high quality of 

teaching and effectiveness. 

Students not only improve their knowledge but also gain a better and deeper understanding 

of the topics being taught. The increase in high science literacy also reflects that students are not 

only mastering information theoretically, but also beginning to apply their knowledge in practical 

contexts, such as experiments or science problem-solving. The value of N-gain = 0.78, which falls 

under the high criterion, can be concluded that there is a significant increase in students' science 

literacy. This value shows that the learning carried out has succeeded in improving student 

understanding substantially, with an excellent improvement from pre-test to post-test. For more 

details, see Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Histogram of Student Pre-Test and Post-Test Science Literacy Scores 

  

81 82 83 

35 35 34 

Department of Biology Education FITK 
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3.2. Student Environmental Concern 

 

The effectiveness of the PjBL Vertebrate learning model in mangrove forests using the 

SETS approach using multimodal teaching materials was also obtained from the results of pilot 

research on the dissemination of environmental awareness questionnaires for students (Biology 

Study Program FITK UINSU, Biology Study Program FT UNSAM and Biology Education Study 

Program FKIP UNSAM). The following results of the student environmental concern 

questionnaire are explained in Table 4.  

  

Table 4. Student Environmental Awareness Questionnaire Value Data 

No. Institutions 
Total 

Average 

Average 

Percentage 
Criteria 

1 Department of Biology Education FITK 

UINSU 

35,87 59,78 Simply Care 

2 Department of Biology Education FKIP 

UNSAM 

34,92 58,2 Simply Care 

3 Biology Study Program FT UNSAM 36,68 61,14 Care 

Average 35,82 59,71 Simply Care 

 

 Based on Table 4, the data table of environmental concern questionnaire scores tested to 

students (Department of Biology Education FITK UINSU, Department of Biology Education 

FKIP UNSAM and Biology Study Program FT UNSAM) it can be seen that students in the three 

Study Programs have an average score of 35.82 and an average percentage of 59.71% including 

the criteria of being quite caring, this shows that students show a moderate level of attention to 

environmental issues. Despite the concern for environmental conservation, this figure indicates 

that there is still room to increase student awareness and involvement in environmental activities. 

In other words, even though students care enough, more intensive efforts are still needed to 

improve their understanding and real action related to environmental issues, such as through more 

in-depth education or more interactive and applicable programs. 

 

3.3. Discussion  

 

Learning with the help of multimodal teaching materials can significantly increase student 

literacy because of the effectiveness of multimodal compared to only conventional (Arifin et al., 

2025). This approach can facilitate a better understanding, especially in the biological sciences 

which often involve experimentation and application of scientific concepts. The use of multimodal 

teaching materials with a SETS component complete with independent learning based on the PjBL 

model with a SETS approach is also the initial determination of the achievement of increasing the 

value of student science literacy. This multimodal teaching material is equipped with photos and 

even interactive video links so that students understand more about each material presented. The 

use of text equipped with animations in multimodal teaching materials in science education makes 

a strong understanding of scientific concepts (Montenegro et al., 2020).  
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The multimodal teaching materials are also equipped with links to SETS components related 

to activities in mangrove forests so that there is feedback related to social, environmental, animal 

utilization technology and results in mangrove forests and inseparable from science related to 

vertebrates in mangrove forests. Improving students' skills in the context of utilizing relevant 

information, finding and evaluating obtained with the right technology so as to encourage the 

development of science literacy as well as critical thinking skills and evidence-based conclusion 

making (Putri et al., 2025). 

The effectiveness of the PjBL Vertebrate Learning model in Mangrove Forests with a 

SETS Approach Using Multimodal Teaching Materials can also be seen by obtaining an average 

student concern questionnaire score of 35.82 and a percentage of 59.71% for the three study 

programs studied. This shows that students are able to care about the mangrove forest environment. 

Multimodal teaching materials that have completeness in the form of texts, images and videos 

related to mangroves and vertebrates support visual understanding and real context (Sucilestari et 

al., 2025). Learning with the SETS approach introduces the technology used to monitor and 

maintain the sustainability of mangrove ecosystems. This learning makes students understand the 

mangrove ecosystem visually, digitally and interactively and are able to apply aspects of science, 

environment, technology and social society (Noga et al., 2022). 

Teaching materials that connect science, the environment, and society, students can see 

how mangrove conservation efforts not only impact the environment but also the surrounding 

community (Poulopoulou, 2025). This broadens their insights into the relationship between 

ecosystems and human well-being. Multimodal teaching materials are also equipped with videos 

that are covered with links and barcodes that connect directly to the video according to the material 

being studied. This supports more flexible and depersonalize learning. This is the starting point 

because multimodal teaching materials equipped with texts, images and videos are the main 

supporters in the independent learning process at the University level (Nouri, 2019).  

The multimodal teaching materials produced do not only function as learning support 

media. The representations available in the teaching materials are associated with the context of 

SETS which is the basis of learning problems. Photos and videos about mangroves are a tool for 

students who can connect vertebrate characteristics with habitats and environmental conditions 

(Desy et al., 2026). The SETS component contained in the teaching materials determines the 

context and relevance of the information, while multimodality provides a way to represent and 

understand the information (Hüfner et al., 2026). This relationship is what makes multimodal 

teaching materials part of the learning mechanism, not just a technological feature.  

The application of learning methods is basically all good, but learning characteristics need 

to be identified so that the model applied is according to learning needs (Franco et al., 2021). The 

need to learn with the use of the right methods will become more relevant to improve students' 

abilities (Solehuddin & Budiman, 2019).  The need to learn with the use of the right methods will 

become more relevant to improve students' abilities (Novita & Mukhtar, 2024). Mangroves are 

used as a means of learning that can improve students' science literacy, in line with this opinion of 

research from (Basyuni et al., 2022), stating that mangroves in Sumatra and Aceh have a rich 

diversity of vertebrate biodiversity so that they can be a source of learning and research centers. 

However, maintaining the environment so that mangroves remain a sustainable ecosystem is very 

necessary. 
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The application of knowledge through PjBL is obtained by students through the SETS 

component and information from various multimodal representations, project activities provide 

opportunities to use this knowledge (Mackay & Davenport, 2019). Students can investigate, 

discuss, collect information, evaluate evidence, work together, and produce solutions to the 

problems studied. The function of PjBL in this mechanism is to turn understanding into activities 

and applications. This is in line with the characteristics of PjBL which places students in problem-

solving activities and authentic learning experiences. The interaction of the three components is in 

detail, namely SETS answers why science concepts are important to learn, multimodal teaching 

materials help students understand how these concepts and problems are represented, while PjBL 

provides opportunities to apply this knowledge through actions and project completion. With this 

pattern, learning moves from context to meaning and then to application (Jeppsson et al., 2026). 

The application of these three aspects of learning is a method that can be recommended for 

student learning so that learning abilities and characteristics increase. Learning using mangrove 

facilities can increase students' science literacy which can encourage more meaningful learning 

skills through direct experience in nature. 

 

4. CONCLUSION  

 

Based on the results of the research and discussion, it can be concluded that the integration 

of the Project-Based Learning (PjBL) model with the SETS approach in multimodal teaching 

materials is effective in improving science literacy and environmental concern for students. In the 

aspect of science literacy, there was a very significant increase in all study programs studied. The 

relatively low pre-test average score (34–35) increased drastically in the post-test (81–83), with 

N-Gain values ranging from 0.71–0.78 which was in the high category. The aspect of 

environmental concern shows that students have a level of concern in the category of caring 

enough with an average percentage of 59.71%. This indicates that PjBL-SET-based learning with 

multimodal teaching materials has been able to foster student awareness of the importance of 

environmental conservation, especially mangrove ecosystems. However, this level of concern still 

needs to be improved through learning activities that are more applicable, sustainable, and based 

on real actions in the field. Overall, the integration between the PjBL model, the SETS approach, 

and multimodal teaching materials (text, images, videos, and digital interactions) is able to create 

learning that is contextual and meaningful, interactive and engaging, and relevant to students' real 

lives. This learning not only improves cognitive competence (science literacy), but also begins to 

shape students' attitudes and environmental awareness (affective). Thus, it can be concluded that 

the learning model developed is suitable for use as an alternative to learning innovation in higher 

education, especially in improving students' science literacy and environmental awareness, 

although further strengthening is still needed to improve the aspect of environmental concern into 

a higher category. 

 

REFERENCES 

 

Arifin, K., Sirih, M., Munir, A., Jahidin, & Sabilu, M. (2025). The influence of multimodal 

learning strategies on prospective biology teachers’ literacy-numeracy learning outcomes. 

EURASIA Journal of Mathematics, Science and Technology Education, 21(1), 1–14. 



 

SPEKTRA: Jurnal Kajian Pendidikan Sains, Vol. 12, No. 2, 2026: pp. 393-404 

402 
 

Basyuni, M., Bimantara, Y., Nyuyen, T. K. C., & Balke, T. (2022). Macrozoobenthic community 

assemblage as key indicator for mangrove restoration success in North Sumatra and Aceh, 

Indonesia _ Enhanced Reader.pdf. Restoration Ecology: The Journal of The Society for 

Ecological Restoration, 30(7), 1–13. 

Cairns, D. (2025). Balancing teacher-led and student-led learning in science: the importance of 

cognitive load. Large-Scale Assessments in Education. 

Chandra, R., Rahayu, E. S., Made, N., Putra, D., Dasar, S., Kangkung, N., & Tengah, J. (2020). 

Development of Science Module SETS Approach to Strengthen Cognitive Learning 

Outcomes of Elementary School Students. Journal of Primary Education, 3(9), 248–257. 

https://doi.org/https://doi.org/10.15294/jpe.v9i3.37713 

Creswell, J. W., & Creswell, J. D. (2023). Reseach Design: Qualitative, Quantitative, and Mixed 

Metods Approaches. Sage Publications, Inc. 

Desy, R., Rahayu, E. S., & Indriyanti, D. R. (2026). Biodiversity and conservation challenges in 

mangrove ecosystems: a comparative study of faunal assemblages and community 

perceptions in Aceh, Indonesia. Brazilian Journal of Biology, 86(1), 1–13. 

https://doi.org/https://doi.org/10.1590/1519-6984.302754 

Faize, F. A., & Akhtar, M. (2020). Addressing environmental knowledge and environmental 

attitude in undergraduate students through scientific argumentation. Journal of Cleaner 

Production, 252. https://doi.org/https://doi.org/10.1016/j.jclepro.2019.119928 

Franco, E., Tovar, C., González-Peño, A., & Coterón, J. (2021). Effects of a Sport Education 

Model-Based Teaching Intervention on Students’ Behavioral and Motivational Outcomes 

within the Physical Education Setting in the COVID-19 Scenario. Sustainability, 13(22), 

12468. https://doi.org/10.3390/su132212468 

Hake, R. R. (2009). Interactive-engagement versus traditional methods: A six-thousand-student 

survey of mechanics test data for introductory physics courses Interactive-engagement 

versus traditional methods: A six-thousand-student survey of mechanics test data for 

introduc. American Association of Physics Teachers, 64(1998). 

https://doi.org/10.1119/1.18809 

Handayani, E. S., Yuberti, Saregar, A., & Wildaniati, Y. (2021). Development of STEM-integrated 

physics e- module to train critical thinking skills: The perspective of preservice teachers 

Development of STEM-integrated physics e-module to train critical thinking skills: The 

perspective of preservice teachers. Journal of Physics: Conf. Series. 

https://doi.org/10.1088/1742-6596/1796/1/012100 

Herman, B. C., Zeidler, D. L., & Newton, M. (2020). Students’ Emotive Reasoning Through 

Place-Based Environmental Socioscientific Issues. Research in Science Education, 50(4), 

2081–2109. 

Hüfner, S., Weirauch, K., List, F., Menthe, J., Abels, S., Hüfner, S., Weirauch, K., List, F., Menthe, 

J., & Abels, S. (2026). Context-based science education to promote diversity-equity-

inclusion – a systematic literature review on the understanding of context in science 

education. Studies in Science Education, 62(2), 283–324. 

https://doi.org/10.1080/03057267.2025.2563946 

Jeppsson, F., Ünsal, Z., Danielsson, K., Siry, C., & Wilmes, S. E. D. (2026). Unpacking 

multimodal assessment in primary science: a teacher’s view on task design, implicit criteria 

and representational challenges. International Journal of Science Education, 1–21. 



 

SPEKTRA: Jurnal Kajian Pendidikan Sains, Vol. 12, No. 2, 2026: pp. 393-404 

403 
 

https://doi.org/https://doi.org/10.1080/09500693.2026.2681791 

Luthfia, A. R. (2025). International Journal of Social the Role of Youth in the Implementation of 

Climate Change Policies in Indonesia. International Journal of Social Science and 

Humanity, 0–5. 

Mackay, W. E., & Davenport, G. (2019). Virtual Video Editing in Interactive Multimedia 

Applications. Communications of the ACM, 32(7), 802–810. 

https://doi.org/10.1145/65445.65447 

Montenegro, Meneses, Véliz, Escobar, Garolera, & Ramírez. (2020). Promoting Scientific 

Understanding through Animated Multimodal Texts. Learning from Animations in Science 

Education (Springer). 

Noga, P., Maris, L., & Ritter, O. (2022). Connecting environmental education, science – 

technology – society and ecological theory: possible pathways to reduce 

socioenvironmental problems. Brazilian Journal of Environmental Sciences, September 

2021. https://doi.org/10.5327/Z21769478996 

Nouri, J. (2019). Students Multimodal Literacy and Design of Learning During Self ‑ Studies in 

Higher Education. Technology, Knowledge and Learning, 24(4), 683–698. 

https://doi.org/10.1007/s10758-018-9360-5 

Novita, A., & Mukhtar, E. (2024). Review Article: Mangrove Ecotourism Development Potential. 

International Journal of Progressive Sciences and Technologies, 46(2), 653. 

https://doi.org/10.52155/ijpsat.v46.2.6534 

Poulopoulou, S. (2025). Biology Teaching Strategies for Greek Primary School Students with 

Learning Disabilities. International Journal of Instruction, 18(1), 463–484. 

Prasanti, N. P., Suarjana, I. M., & Bayu, G. W. (2023). The Guided Inquiry Learning Model Aided 

by Audiovisual Media Improves Students’ Mathematics Learning Outcomes. 6(2), 247–

254. 

Putri, H. S., Grace, A. J., & Siregar, N. R. (2025). Improving Students’ Digital Literacy through 

Technology: The Importance of Information Seeking Skills. International Journal of 

Educational Evaluation and Policy Analysis, 2(2), 210–221. 

Rahmawati, E. L., Niasih, A., Kusmanto, H., & Joko, H. (2020). Environmental Awareness 

Content for Character Education in Grade 10 in Indonesian Language Student Textbooks. 

International Journal of Innovation, Creativity and Change, 11(4), 161–174. 

Ridho, M. O. H. R., Patriono, E., Rahmawati, D., Pratama, R., & Avesena, M. (2021). Short 

Communication: Investigating gonad length and fecundity in mudskippers (Gobiidae) at 

the Musi River estuary, South Sumatra, Indonesia. Biodiversitas, 22(10), 4413–4420. 

https://doi.org/10.13057/biodiv/d221034 

Riduwan. (2016). Dasar-dasar statistika. Alfabeta. 

Rustana, C. E., Aminah, S., & Budi, A. S. (2021). The Science Environment Technology Society 

(SETS) based e-module development with project-based learning model in colloidal 

learning The Science Environment Technology Society (SETS) based e- module 

development with project-based learning model in col. Journal of Physics: Conference 

Series, 2175, 1–15. https://doi.org/10.1088/1742-6596/2157/1/012046 

Safitri, D., Lestari, I., & Marini, A. (2021). Web-Based Animation Video for Student 

Environmental Education at Elementary Schools Web-Based Animation Video for Student 

Environmental Education at Elementary Schools. International Journal of Interactive 



 

SPEKTRA: Jurnal Kajian Pendidikan Sains, Vol. 12, No. 2, 2026: pp. 393-404 

404 
 

Mobile Technologies (IJIM), 15(11), 65–75. https://doi.org/10.3991/ijim.v15i11.22023 

Solehuddin, M., & Budiman, N. (2019). Multicultural competence of prospective preschool 

teachers in predominantly Muslim country. Cakrawala Pendidikan, 38(3), 438–451. 

https://doi.org/10.21831/cp.v38i3.25033 

Sucilestari, R., Ramdani, A., Susilawati, Sukarso, A. A., & Rokhmat, J. (2025). Analysis of 

project-based science E-module development integrated with mangrove ecotourism for 

scientific creativity and environmental literacy. Edelweiss Applied Science and 

Technology, 9(8), 666–686. https://doi.org/10.55214/2576-8484.v9i8.9396 

Tran, T. T., & Nagirikandalage, P. (2025). Insights into enhancing student engagement: A practical 

application of blended learning. The International Journal of Management Education, 

23(2). https://doi.org/https://doi.org/10.1016/j.ijme.2025.101167 

Zenouzagh, Z. M., Admiraal, W., & Saab, N. (2023). Learner autonomy, learner engagement and 

learner satisfaction in text-based and multimodal computer mediated writing environments. 

In Education and Information Technologies (Vol. 28, Issue 11). Springer US. 

https://doi.org/10.1007/s10639-023-11615-w 

 


