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INTRODUCTION  
The current era of globalization significantly affects various aspects of life, including increasingly 

complex and difficult-to-predict environmental issues. Environmental degradation has been a subject of concern 
among scholars for several decades. Environmental degradation refers to the destruction of the environment 
due to resource scarcity, encompassing all biotic and abiotic components of our surroundings, including air, soil, 
water, plants, animals, and other living and non-living components of the Earth (Maurya et al., 2020). 
Environmental disasters typically arise from human negligence, mechanical malfunctions, natural disasters, 
technical challenges, and inadvertent releases. They result in enduring ecological issues such as the greenhouse 
effect and depletion of the ozone layer (Hanif et al., 2020; Park, 2022). Several observable phenomena suggest 
potential risks to the future environment and human life. British Petroleum reported that CO2 emissions from 
petrol have been rising by approximately 1.8% annually. This has resulted in anomalous climate change, causing 
a substantial increase in global temperatures, wildfires, flooding, and ecological destruction (Amin et al., 2020; 
Keshavarzian & Tabatabaienasab, 2022).  

Evidence of environmental damage has emerged as a significant focal point in international forums 
(Ikhsan & Amri, 2024). The Kyoto Protocol, with over 160 parties, was ratified in 1997 and, for the first time, 
imposed legally binding restrictions on emissions of CO2 and other greenhouse gases for industrialized nations 
(Breidenich et al., 1998). The international agreement for tackling environmental issues was followed by the 
Paris Agreement in 2016, with Indonesia among the signatories. As a country with rich biodiversity and culture, 
Indonesia faces serious environmental issues, including illegal logging, illegal hunting of protected animals, 
overuse of renewable energy, and careless disposal of industrial, agricultural, and livestock waste. The 
emergence of COVID-19 has once again raised concerns about human attitudes and behaviors towards nature 
(Ha et al., 2022). To address those issues, citizens should understand and care about the environment, possess 
the competence to analyze environmental issues, and be highly motivated to act appropriately (Hollweg et al., 
2011). This suggests that environmental literacy is essential in overcoming current and future ecological 
problems.  

The term EL was first introduced in the 1960s and refers to an individual's level of environmental 
knowledge and awareness. The term was then refined from its initial concept of environmental literacy to 
encompass observable behaviors as well (Örs, 2022). Environmental literacy includes knowledge and 
understanding of environmental issues, attitudes and concerns about the environment, moral and ethical 
considerations related to the environment, and the intention to engage in environmentally responsible behavior, 
along with the development of skills for data evaluation, conclusion, and opinion formation. It focuses on four 
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aspects: affect, behavior, knowledge, and skills (Kaya & Elster, 2019; Maurer & Bogner, 2020). In particular, 
the relationship between human knowledge of environmental issues and human health is called environmental 
health literacy (Gray, 2018).  

Protecting against future environmental damage could be initiated early by building awareness in 
younger generations, such as lower secondary school students. The spirit of environmental literacy will protect 
our environment from any possible damage (Kaya & Elster, 2019). The required skills, motivation, and action to 
tackle environmental issues are associated with the four components of EL, namely: knowledge, affect, cognitive 
skills, and environmental behavior. Knowledge encompasses a positive attitude, sensitivity towards the 
environment, and self-efficacy. Meanwhile, cognitive skills refer to the ability to analyze environmental issues 
and solve problems (Hollweg et al., 2011; Stevenson et al., 2013). Science teaching at this level is a potential 
approach for equipping students with knowledge and skills relevant to environmental literacy. Therefore, 
teaching resources should be designed to familiarise students with environmental issues and foster awareness 
of the need to protect and utilize the environment wisely. In addition, students will find it easier to understand 
scientific concepts related to environmental issues that closely connect to everyday life, enabling them to apply 
and take more appropriate actions related to their surrounding environment (Ilhami et al., 2019). Therefore, 
providing science teaching materials based on Problem-Based Learning (PBL) could be an effective approach to 
building students' environmental literacy. For example, a game-based learning approach regarding 
environmental pollution measures has been developed, and further positive outcomes could be assessed 
(Suhartatik et al., 2026). PBL integrated with a cooperative approach was also applied in the ecosystem class 
and was found to be effective in improving students' critical thinking (Lailia, 2025).  

As demonstrated in previous research, several studies have highlighted the positive impact of PBL-based 
teaching materials that integrate local wisdom. The incorporation of Rawa Bento local wisdom in an e-science 
module for junior high school students in Yogyakarta enhanced students' environmental literacy (Fahlevi et al., 
2024). Meanwhile, a comic was also used as a PBL resource to improve students' environmental literacy (Wajdi 
et al., 2022). Specifically, a teaching material on environmental pollution and global warming was also found to 
be effective in building junior high school students' environmental awareness and literacy (Suryawati et al., 
2020). In a similar study, Natural Environmental Exploration (NEE) and Lombok coastal local wisdom were used 
in a PBL-based teaching approach to improve students' environmental literacy (Abdillah et al., 2021; Sukri, 
2023). PBL is an established approach in educational settings; therefore, introducing new or additional elements 
into the PBL system should be carefully considered. Findings suggest that such immersion has been largely 
unsuccessful (Sulistiyani et al., 2025). This study aims to investigate the contribution of PBL-based teaching 
materials integrating local wisdom contexts to improving students' EL. For simplicity, from this point forward, 
the teaching material will be referred to as PBL-LW. The PBL-LW was implemented in the topic of ecosystem 
and biodiversity. 
 
METHODS 

This study employs a one-group pretest-posttest design to investigate the benefits of PBL-LW for the 
EL of 45 seventh-grade students at a public Junior high school in Malang. Seventh-grade students, or first-year 
junior high school students, are equivalent to first-year lower secondary school students, aged 11-13 years. 
Instruments for data collection include PBL-LW for delivering PBL in the topic areas of ecosystem and 
biodiversity, and MSELS for measuring students' EL. The PBL-LW has met the criteria for high implementation 
feasibility, as assessed by two raters, with an Aiken coefficient of 0.89. This exceeds the minimum criterion for 
Aiken's validity, which is 0.74 (Aiken, 1985). The PBL-LW has also been registered with the digital book publisher 
platform under the QRCBN (Quick Response Code Book Number) 62-9557-4062-565. Students' environmental 
literacies were measured before and after the treatments using the MSELS, which covers 4 aspects (Cincera et 
al., 2023; Maurer & Bogner, 2020; Ramulumo & Shabalala, 2024; Stevenson et al., 2013; Szczytko et al., 2019).  

 A pre-test measuring students' initial EL was administered before the implementation of PBL-LW. 
Teaching on ecosystems and biodiversity was delivered over several PBL-LW sessions. Upon completion of the 
class, a post-test was also administered to assess students' final level of EL. Data on students' environmental 
literacy were analyzed descriptively using the MSELS indicators provided in Table 1. 

 
Table 1. Aspects of EL 

EL Component Instrument Type Number of Questions 
Ecological Knowledge Multiple Choice 17 items 
Attitude Towards the Environment Likert Scale 25 items 
Cognitive Ability  Multiple Choice 10 items 
Environmentally Responsible Behavior Likert Scale 12 items 
Total  64 items 
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Meanwhile, the effectiveness of the PBL-LW was measured using paired t-tests and Wilcoxon signed-
rank tests. The paired t-test was used for those who met the prerequisite tests for homogeneity and normality 
(Kolmogorov-Smirnov and Shapiro-Wilk tests). For those not meeting the two criteria, a nonparametric test, the 
Wilcoxon signed-rank test, was employed. Ecological knowledge and environmentally responsible behavior were 
normally distributed, with p-values > 0.05: 0.063 and 0.086, respectively. Meanwhile, attitudes towards the 
environment and cognitive ability were not normally distributed, with p-values <0.05: 0.020 and 0.001, 
respectively. In addition, the N-gain test was administered to measure students' EL before and after participating 
in science instruction using the PBL-LW. 

  
RESULT AND DISCUSSION 

Figure 1 presents a screenshot of the PBL-LW content.  
 

 
Figure 1. Content screenshot 

 
This PBL-LW is equipped with features to enhance students' knowledge of both the material and the 

integrated local wisdom, thereby improving their environmental literacy. The figure illustrates the food chain 
involved in an apple orchard in Malang and the surrounding area. Presenting the apple orchard to teach the 
concept of the food chain will enhance students' understanding and their initiative to preserve the future of the 
apple stock in Malang. Malang is well known as the apple city of Indonesia and supplies apples nationwide. With 
this approach, the learning outcome related to the food chain could be obtained. At the same time, the spirit of 
EL is gradually instilled in students' mindsets. The effectiveness of this teaching material was assessed by 
measuring the improvement in students' EL. Table 2 presents the distribution of students' environmental literacy 
scores, ranked from lowest to highest, between the pre-test and post-test.  

 
Table 2. The minimum and maximum EL scores at the two tests 

Indicator Min Max 
Pre-test Post-test Pre-test Post-test 

Ecological knowledge 41.18 58.82 82.35 100.00 
Attitude towards the environment 40.80 58.40 93.60 96.00 
Cognitive ability 10.00 20.00 100.00 100.00 
Environmentally responsible behavior 40.00 61.67 100.00 100.00 

 
Table 2 shows a consistent increase in minimum scores across indicators from pre-test to post-test, with 

increases ranging from 10 to 21. The most notable enhancement was in 'environmentally responsible behavior,' 
while cognitive ability showed the least improvement, with only 10 points increased. The maximum scores across 
all aspects nearly reached the optimum of 100, except for "attitude towards the environment," which was only 
slightly below 100. Although the pre-test scores were also high, only two aspects achieved optimal scores. The 
high scores depicted in Table 2 are supported by improvements in students' average environmental literacy 
scores. Figure 2 illustrates the enhancement of students' EL scores before and after experiencing PBL-LW-based 
science instruction.  
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Figure 2. Improvement in EL 

 
Figure 2 shows a significant improvement in students' EL scores across all aspects. The most notable 

improvement is in ecological knowledge, which increases by almost 20 points, while cognitive ability shows the 
smallest increase, by only about 8 points. However, on average, students' EL scores improved significantly, 
rising from 69.83 (moderate) to 81.39 (high). This improvement serves as evidence that science teaching using 
a PBL-LW significantly promoted students' EL. This is also supported by N-Gain scores for ecological knowledge, 
attitude towards the environment, cognitive ability, and environmentally responsible behavior, all of which are 
0.456, 0.319, 0.273, and 0.453, respectively. The average N-Gain score of 0.375 implies that the handbook 
improved students' EL by 37.5%. The statistical procedures, including the Paired Samples T-test and the 
Wilcoxon Signed-Rank Test, confirmed the significance of the outcomes. The significance values for the two 
tests were 0.00 and 0.01, respectively. The results of this study align with previous findings. A teaching resource 
focused on environmental awareness literacy is effective. A comparable study employed Natural Environmental 
Exploration (NEE) and Lombok Coastal local wisdom within a PBL framework to enhance students' environmental 
literacy (Abdillah et al., 2021; Sukri, 2023). The integration of Rawa Bento local knowledge into an e-science 
module for junior high school students in Yogyakarta improved students' environmental literacy (Fahlevi et al., 
2024). Simultaneously, a comic was employed as a PBL instructional resource to enhance students' 
environmental literacy (Wajdi et al., 2022). 

Future studies should examine how larger systems, such as communities, relate to personal 
environmental literacy. A study in China found that environmental knowledge moderated the relationship 
between nature identification and pro-environmental behavior only in cities with elevated sustainability levels 
(Jia & Wang, 2024). However, despite the positive outcome of this study, further efforts to develop a more valid 
and robust instrument to measure students' environmental literacy should be pursued (Saarna & Laius, 2025). 
Some studies explored more specific areas to uncover deeper insights into environmental literacy, including 
health literacy (Fiore et al., 2024; Gray, 2018; Urstad et al., 2022), water environmental literacy (Irvin et al., 
2019; McCarroll & Hamann, 2020; Yu et al., 2021), ocean literacy (Ashley et al., 2019; Kelly et al., 2022; Molloy 
et al., 2021; Thorkelsdóttir et al., 2026), sustainability knowledge (Fošner, 2025), eco-literacy (Kazazoglu, 2025; 
Koçoğlu et al., 2023), and others. 

 
CONCLUSION 

This study demonstrates that PBL-based science teaching materials integrated with local wisdom are 
highly feasible for use in junior high school science instruction. The empirical test provided significant evidence 
that the PBL-LW improved students' environmental literacy. Students' environmental literacy was categorized 
as strong following science instruction that utilized the handbook. The statistical procedures and the N-Gain test 
also confirmed the PBL-LW's positive contribution to improving students' environmental literacy. This study 
offers a promising approach to promoting students' environmental literacy by drawing on local wisdom. Given 
Indonesia's rich culture and biodiversity, this approach is suitable for application. However, the weak 
experimental design in this study could limit the transferability of its results. Therefore, it is recommended to 
employ a stronger experimental design with broader population coverage to obtain more convincing results. 
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