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Introduction

Indonesia popularly serves as a live laboratory due to its alleged posses-
sion of 30,000 plant species out of approximately 40,000 known worldwide 
(Food and Agriculture Organization, 2020). Around 9,000 plant species are 
credited with medicinal properties; however, according to the Food and 
Agriculture Organization’s 2020 report, only 1,000 plant species are currently 
utilized for medicinal ingredients (Food and Agriculture Organization, 2020). 
Understanding the diversity of medicinal plants enables communities to 
identify plant species with medicinal value and appreciate the uniqueness 
and benefits of each plant variety (Martín, 2015). The community’s utilization 
of medicinal plants relates to environmental literacy (Dabaghian et al., 2023). 
Understanding environmental literacy provides a foundation for the younger 
generation to actively engage and cultivate a caring and responsible attitude 
toward environmental sustainability (Rahmawaty, 2020).

Literacy terminology has been widely discussed since the 21st century 
(Affandy et al., 2019; Pratiwi et al., 2019; Trilling & Fadel, 2009). It differs from 
the ability to read and write; it has a broader context. Environmental literacy 
has also been stated in the P21 framework for 21st-century learning, making 
environmental literacy a theme in 21st-century learning (Global Partnership 
for Education, 2020). The necessity of environmental literacy has been in-
cluded in the P21 framework as a theme in 21st-century education, ensuring 
that future generations have the knowledge, skills, and awareness needed 
to maintain environmental sustainability. 

Unfortunately, society’s recognition of medicinal plants differs from that 
of the current millennial generation. The results of studies (Harfouche et al., 
2021; Linger, 2017; Ojalehto et al., 2017; Templeman et al., 2018) have found 
that students have been skeptical or doubtful of belief claims related to the 
utilization of medicinal plants as traditional medicine. Students’ skepticism 
about the benefits of medicinal plants may have been due to the lack of 
evidential support (Ojalehto et al., 2017), differences with modern medical 
approaches (Linger, 2017), cultural influences and myths (Templeman et al., 
2018), safety and risk (Harfouche et al., 2021), and negative experiences or 
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testimonies (Templeman et al., 2018). The skeptical perception of medicinal plant knowledge as superstitious may 
vary among students. It could have been influenced by cultural background (Harfouche et al., 2021), education 
(Linger, 2017), and experience (Ojalehto et al., 2017). Skeptical students could have been given an opportunity 
for educators and herbal health professionals to provide scientific and evidence-based information on the use of 
medicinal plants so that students could make more informed decisions about medicinal plants.

Research Problem  

Biology courses at the secondary education level still need to fully integrate knowledge of medicinal plants 
into the curriculum (Linger, 2017). Educational authorities have designed school curricula to focus on more general 
biology concepts, such as cell biology, genetics, ecology, etc. Meanwhile, educational authorities have yet to priori-
tize introducing medicinal plants despite their inclusion in the fields of botany and ethnobotany (Harfouche et al., 
2021; Kamaraj et al., 2023). Knowledge of medicinal plants could have helped students understand environmental 
science and conservation (Bruschi et al., 2019). Students could have learned about maintaining biodiversity and 
the role of medicinal plants in the ecosystem. Knowledge of how people have utilized medicinal plants sustainably 
could have opened insights into the conservation of natural resources and the environment (Kamaraj et al., 2023).

Research Aim and Research Questions

The current research aims to introduce the inquiry-ethnobotany (IEb) model to enhance students’ environ-
mental literacy. In the IEb model, the implementation of learning enables students not only to learn about plants 
conventionally but also to understand biodiversity from the perspective of human culture and history, linking 
scientific knowledge with local wisdom and building awareness of the importance of environmental conservation. 
Hopefully, the research findings provide an in-depth understanding of the IEb model for educators, education 
policymakers, and stakeholders to improve student learning in terms of environmental literacy, facilitate bridging 
the gap between modern science and local knowledge, and encourage awareness of the importance of preserving 
the environment for a sustainable future.

The IEb model, implemented in the learning process, goes beyond conventional plant learning by incorpo-
rating perspectives on biodiversity from cultural and historical viewpoints. It connects scientific knowledge with 
local wisdom and fosters awareness of the importance of environmental conservation. The research findings are 
expected to provide a deep understanding of the IEb model for educators, education policymakers, and stakehold-
ers, facilitating student learning in environmental literacy. It bridges the gap between modern scientific and local 
knowledge and promotes awareness of the importance of environmental preservation for a sustainable future. 
Through this study, the following essential research questions were proposed: (1) how does the implementation 
of the IEb model impact students’ understanding of biodiversity and environmental issues?; and (2) to what extent 
does the IEb model facilitate the integration of scientific knowledge with cultural and historical perspectives on 
biodiversity?.

Theoretical Framework 

Inquiry Learning Model

The inquiry model has five stages (Wenning & Khan, 2011), which are often referred to as the inquiry cycle 
or scientific cycle, starting from Observation, Manipulation, Generalization, Verification and Application or the 
acronym “OMGVA”. The inquiry learning model proposed by (Wenning, 2011a) is a learning model that combines 
concepts from scientific learning with students’ cognitive levels. The inquiry learning model is designed to provide 
flexibility in adapting the inquiry learning process according to cognitive abilities (Wenning, 2005). 

The inquiry model enables teachers to adapt learning to students’ cognitive development level (Chen et al., 
2022). Teachers can choose stages that match students’ abilities to ensure that the learning process is truly relevant 
and meaningful for students (Wenning, 2005). The stages in the inquiry model proposed by (Wenning, 2011a) have a 
hierarchical nature that reflects the progression from simpler to more complex scientific learning, such as discovery 
learning, interactive demonstration, inquiry lesson, inquiry labs, real-world application, and hypothetical inquiry.

The inquiry model has several advantages that make it an effective learning model. The inquiry model encour-
ages students to actively participate in learning (Perdana et al., 2019). It fosters exploration and in-depth investi-
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gation of biological concepts (Rodrigues, 2014), promoting the development of critical thinking skills (Nagarajan 
& Overton, 2019). Students engage in independent research, including experiment design, data collection, and 
result analysis. The inquiry model facilitates firsthand experiences in experiments and observations (Al-Balushi & 
Al-Abdali, 2015), stimulating student interest and motivation (Rodrigues, 2014). Additionally, students practice 
communication and public speaking skills by sharing research results with their peers or class (Setyawan et al., 
2020). It exposes students to problem-solving scenarios (Kowaltowski et al., 2010) and prioritizes the learning 
process over results (O’Neil et al., 2020). Furthermore, the inquiry model can be directed to establish connections 
between biology concepts and the natural world (Perdana et al., 2019), helping students recognize the relevance 
and application of biology in real-life situations.

The inquiry model has various advantages, but it also has some disadvantages that need to be considered in 
the context of biology learning. Inquiry models often require more time than conventional learning models (Yusup 
et al., 2021). Effective teachers in inquiry learning need to have skills in facilitating students’ learning process, de-
signing triggering questions, and providing appropriate guidance (Tuenter et al., 2012). Some biological concepts 
are difficult to teach using the inquiry model, especially if the concepts are abstract or require deep understanding 
(Liu et al., 2021). The inquiry model gives students the freedom to explore learning topics, so learning outcomes 
could vary (Dmoshinskaia et al., 2021). Implementation of the inquiry model requires access to certain resources 
and equipment (Suárez et al., 2018). Evaluation of inquiry models is more difficult than conventional models (Bollen 
et al., 2018). The inquiry model provides students with the freedom to develop their own understanding, but it also 
means that teachers have less control over what students learn, which could pose challenges in covering all planned 
material (Costes-Onishi & Kwek, 2023). Furthermore, some students feel awkward with open and flexible learning 
models such as inquiry, so students with more structured learning styles or different learning preferences experience 
difficulties (Nzomo et al., 2023). Students need extra guidance from teachers when going through the inquiry process, 
especially when facing difficulties in formulating questions or interpreting experimental results (de Jong et al., 2023).

Ethnobotany in the Perspective of Medicinal Plants

Ethnobotany is a discipline that combines ethnology (the science of human culture) and botany (the science 
of plants) to understand how traditional societies or certain cultures utilize plants in various aspects of daily life 
(Van Wyk & Gorelik, 2017). Ethnobotany explores traditional knowledge passed down from generation to genera-
tion about plants in the neighborhood (Hossain et al., 2021). Ethnobotany includes knowledge of how plants are 
collected and processed (Rahman et al., 2019), utilized in daily practices (Nanjala et al., 2022) (religious rituals, 
traditional medicine), and how medicinal plants are linked to cultural stories and myths (Xiong et al., 2020).

The natural medicinal plants known in Indonesia include daun sirih (Piper betle), kunyit (Curcuma longa), Jahe 
(Zingiber officinale), sambiloto (Andrographis paniculata), and temulawak (Curcuma xanthorrhiza) (Gaoue et al., 2021). 
Every medicinal plant has specific properties and is recognized in traditional medicine to treat various health prob-
lems. While modernization and developments in medical science bring changes in medicinal practices, the practice 
of using natural medicinal plants persists in many communities in Indonesia (Axiotis et al., 2018; Bunalema et al., 
2014). Scientific research efforts on medicinal plants link traditional knowledge with modern medical knowledge 
so communities can utilize natural medicinal plants more mindfully and effectively.

Medicinal plants have a variety of chemical compounds that may exhibit pharmacological or therapeutic 
effects on the human body (Gaoue et al., 2021). Several medicinal plants contain active compounds that have 
antibacterial, anti-inflammatory, antioxidant, and analgesic properties or could even boost the immune system 
(Alsarhan et al., 2021). Medicinal plant treatments include various forms, such as infusions, decoctions, extracts, 
essential oils, capsules, and ointments (Hossain et al., 2021). Moreover, some medicinal plants can also be processed 
into health products or natural supplements available in the market. Although medicinal plants are recognized 
in traditional medicine practices, their effectiveness and safety must be supported by strong scientific evidence 
(Hossain et al., 2021). 

More than 2,039 species of medicinal plants are an integral part of traditional medicine practices in various 
ethnic groups living in and around forests (Gaoue et al., 2021) . People living near forests or in natural environments 
often have a deep understanding of the environment, including the plants that grow around them (Rahman et al., 
2019). Knowledge of medicinal plants includes identification of medicinal plants, how to process them, and the 
correct dosage. Medicinal plants are medicinal tools with deep cultural and spiritual meanings for specific communi-
ties (Zaidi et al., 2022). The custom of rural communities, especially those living near forests, using natural plants to 
treat several ailments is a centuries-old practice passed down from generation to generation (Arumugam, 2019).
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The Inquiry-Etnobotany (IEb) Model

The IEb model is a learning model that combines the concepts of inquiry and discovery learning model in the 
context of ethnobotany, which results in the syntax of IEb (Figure 1). The inquiry model provides a foundation for 
students to lead the learning process through exploration and discovery (Ng & Fergusson, 2019; Rodrigues, 2014; 
Wenning, 2005), while the discovery learning model enriches students’ experience through direct observation, 
exploration, and an active role in understanding biological concepts (Adriyawati et al., 2020; Bicknell-Holmes & 
Seth Hoffman, 2000; Muhammad et al., 2023). Ethnobotanical elements were added to the conceptual framework 
to align learning with plant knowledge, cultural use of plants, and sustainability practices (Peticca-Harris et al., 
2016; Van Wyk & Gorelik, 2017).

Figure 1
Visual Syntax of The Inquiry-Ethnobotany (IEb) Model

The positive contribution of developing the IEb model towards a deeper understanding of human interaction 
with plants and enhanced environmental literacy. The IEb model is expected to stimulate students’ curiosity and 
encourage them to ask questions, investigate, and discover knowledge independently. Additionally, hands-on 
experience and exploration in the IEb model could give students a deeper understanding of biological concepts in 
a natural context, strengthening the connection between theory and practical application. The primary objectives 
of the IEb model are to (1) explore traditional knowledge about plants and understand their role and meaning in 
human culture, (2) invite students to engage in the inquiry process, triggering curiosity, creativity, and student 
activeness in learning, and (3) develop a deeper understanding of the interrelationships between humans and the 
plant environment and the diversity of ethnobotanical knowledge.

Learning activities in the IEb model are carried out by encouraging students to conduct research or explora-
tion related to the use of plants by humans, including the utility of plants in traditional medicine, food, jewelry, or 
other cultural needs. Students formulate research questions, collect data through direct observation, interviews 
with experts or the community, and analyze information. The syntax linkage with student learning activities in 
the IEb model is presented in Table 1.

Table 1
Syntax and Student Learning Activities in The IEb Model 

Syntax IEb Model Student Learning Activities

Problem orientation Observe and understand phenomena or occurrences presented by the teacher.

Exploration Discuss and distribute tasks to find data needed to solve problems (search for data/references/
sources)

Interpretation Clarify, interpret, and analyze the same/different exploration findings.
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Syntax IEb Model Student Learning Activities

Concluding Summarize the results of the investigation, then relate them to other concepts and possibly compare 
the same/different exploration findings.

Reflection Express all forms of feelings and impressions (both strengths and weaknesses) after learning and 
provide what is desired and expected in the next learning activity.

Research Methodology 

Design & Procedure

The study design involved a pretest-posttest control group design (Figure 2) to evaluate the effectiveness of 
the intervention, in this instance, the IEb model, by comparing it directly with the existing inquiry and discovery 
learning models. The initial stage of the research involved collecting pre-test data to assess students’ baseline 
understanding before exposure to the three predefined models. Three groups of students were divided into three 
classes according to the learning models: one experimental class with the IEb model and two control classes with 
inquiry and discovery learning models, respectively.

The experimental class applied the IEb model. The first stage of learning with the IEb model involves students 
understanding the basics of biology and the relationship between humans and plants through an inquiry model. 
It provides the necessary knowledge base to proceed to the discovery learning stage, where students engage 
in hands-on experience and exploration to develop an understanding of biological concepts in the context of 
plants. Elements of ethnobotany become integral to the inquiry and discovery learning models as students discuss 
plant utilization in culture, understand the diversity of ethnobotanical practices, and reflect on the sustainability 
implications of plant utilization. Integrating the inquiry model, discovery learning, and ethnobotanical elements 
provided a contextual and cultural dimension to education, motivating students to explore and investigate deeper.

Figure 2
Research Design

Implementation of lessons in control class 1 applied the Inquiry model. Learning was conducted with a focus 
on the inquiry process involving exploration, inquiry, and discovery. The students in the control class engaged in a 
series of structurally designed activities but needed to integrate the ethnobotanical context specifically, as in the 
experimental class. Although a structured inquiry process occurred in the control class of the Inquiry model, the 
focus was more on exploring concepts without any specific integration with the ethnobotanical context. Learning 
activities were centered more on applying the principles of inquiry in understanding concepts in general without 
explicitly considering the cultural aspects associated with using plants.

The implementation of learning in control class 2 implemented the discovery learning model. The discovery 
learning model focuses on students’ exploration, experimentation, and discovery. The discovery learning model 
allowed students to lead their learning by providing situations or problems that enabled them to find solutions 
or understanding. Moreover, in the control class with the discovery learning model, students were given more 
autonomy to determine the steps in learning a topic.
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However, the posttest data were collected to assess the students’ environmental literacy level after the different 
learning models. Posttest data from each class (IEb, inquiry, and discovery learning) was analyzed to compare the 
enhancement of students’ understanding in each group. Accordingly, the study’s results provide empirical evidence 
related to the effectiveness of the IEb model in achieving learning objectives compared to existing models, which 
were inquiry, discovery, and learning models.

	 The current research, conducted in Karanganyar, Central Java, Indonesia, aimed to assess the effectiveness 
of the IEb model in enhancing students’ environmental literacy. The research was conducted from July to Septem-
ber 2023 in three senior high schools under the Department of Education of Karanganyar Regency, Central Java, 
Indonesia. During this time, data collection activities, including pre-test assessments, implementation of the IEb 
model, inquiry model, and discovery learning model, as well as post-test evaluations, were carried out across the 
three selected secondary schools in Karanganyar, Central Java, Indonesia. July marked the commencement of the 
research, with preparatory activities such as obtaining ethical approvals, securing research permissions from school 
authorities, and refining research instruments. Subsequently, August saw the implementation phase, where lessons 
based on the IEb model, inquiry model, and discovery learning model were delivered to students in the respective 
schools. Throughout this period, meticulous records were maintained to document the teaching process, student 
engagement, and any unforeseen challenges encountered. Finally, in September, post-test assessments were 
administered to measure the effectiveness of the different learning models in enhancing students’ environmental 
literacy. The conclusion of data collection in September marked the conclusion of the research period, paving the 
way for subsequent data analysis and interpretation.

Research Sample

The population of the study comprised secondary school students from three specific institutions: Senior 
High School (in Indonesian; Sekolah Menengah Atas, SMA) SMA 1 Karanganyar, SMA 2 Karanganyar, and SMA Mu-
hammadiyah Karanganyar. The selection of SMA 1 Karanganyar, SMA 2 Karanganyar, and SMA Muhammadiyah 
Karanganyar as research locations has several reasons: (1) The three schools are educational institutions under the 
Department of Education of Karanganyar Regency, so they are representative of evaluating educational policies 
and programs implemented at the district level; (2) The selection of schools based on the uniformity of pre-test 
scores in the environmental literacy test ensured that the research sample came from a similar background in 
terms of understanding environmental literacy; (3) The selection of the three schools also aimed to reduce de-
mographic differences among the research sample, ensuring a broader representation of the student population 
in the Karanganyar district. Accordingly, the selection of this research site was based on strategic considerations 
that enabled the researcher to gain a more holistic and relevant insight into environmental literacy in the local 
educational environment.

The study population consisted of 792 students who were in grade 10. The 3 schools were selected based 
on the uniformity of the pre-test scores in the environmental literacy test obtained by the students. The selection 
of the three schools also aimed to reduce demographic differences among the study sample. The purposive sam-
pling method was used to select the sample, which resulted in the participation of 297 students, with 99 students 
selected from each school. This sample selection process was conducted with the approval of the Department of 
Education of Karanganyar Regency, school principals, and classroom teachers. The 297 students involved in the 
study included 169 students (59.90%) who were female, while 128 students (43.09%) were male, with an average 
age of 15 years. Prior to the start of the study, important steps were taken to ensure students’ voluntary participa-
tion and comprehension. Each student involved was asked to read and sign an informed consent form affirming 
their willingness to participate in the study. Furthermore, each participant was given a pseudonym to maintain 
confidentiality and hide their identity. The importance of this confidentiality was emphasized to the students, 
along with stressing that they had the right to withdraw from the study at any time without facing any sanctions 
or negative consequences.

Data Collection Tools

Environmental literacy tests were in the form of essays for ethnobotanical topics. They were prepared based 
on the following activities of the IEb model. The assessment tool calibration of environmental literacy uses the 
Rasch Model, which consists of test reliability analysis, item difficulty level, item suitability level, construct validity, 
and construct reliability. The reliability value of the test is .89, so the reliability of both items and students is in the 
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high category. The MNSQ outfit value ranges from .77 to 1.33 in the good category. Boone et al., (2014) provided a 
limitation that the range of recognized values for MNSQ is .5 to 1.5. The ZSTD outfit value ranges from -2.4 to +3.0, 
which is good enough. The Pt Mean Corr value ranges from .64 to .77 in the good category. Boone et al., (2014) 
provided a limitation that the range of values considered appropriate for Pt Mean Corr is .4 to .85. If the Pt Mean 
Corr value is outside this range, the item does not support a well-measured range of student performance (Af-
fandy et al., 2021). The environmental literacy variable produces items based on theoretical synthesis and biology 
learning outcomes, so the analysis of environmental literacy test kits uses confirmatory factor analysis (CFA). The 
results of the study of the environmental literacy test device produced items that were constructively valid through 
the parameters df = 48; Root Mean Square Error of Approximation (RMSEA) = .061; Normed Fit Index (NFI) = .90; 
Comparative Fit Index (CFI) = .91; and Goodness of Fit Index (GFI) = .81. 

Data Analysis
	
The analyses included statistical tests such as the dependent sample t-test to assess whether there was a 

significant difference between the pre-test and post-test scores. Moreover, the IBM SPSS Statistics program could 
also be utilized to conduct data distribution tests, such as the Shapiro-Wilk test, to ensure the data had a normal 
distribution before further analysis. The normality test results confirmed that the data obtained were normally 
distributed. The IBM SPSS Statistics 26/PC statistical program was used as an analytical tool to process quantitative 
data. The IBM SPSS Statistics program could perform various statistical analyses relevant to the collected dataset.

However, the results of the Shapiro-Wilk test confirmed that the students’ environmental literacy score data 
in the study fulfilled the normal distribution assumption with a 95% confidence interval (PretestIEb = .882 > .05; 
PosttestIEb = .871 > .05; PretestInkuiri = .861 > .05; PosttestInkuiri = .593 > .05; PretestDL = .531 > .05; PosttestDL = .592 > 
.05; PretestSA = .515 > .05; PosttestSA = .768 > .05; PretestSB = .401 > .05; PosttestSB = .670 > .05; PretestSC = .277 > .05; 
PosttestSC = .970 > .05). The results of the normality test which confirmed that the data had a normal distribution at 
the 95% significance level validated the use of the dependent sample t-test to more accurately evaluate the differ-
ence between students’ environmental literacy pre-test and post-test scores. The significance level in statistics is a 
threshold value used to determine whether differences or relationships between variables are the result of chance 
or actually exist significantly in the wider population. The value for significance level is p < .05.

Research Results 

Enhancing Environmental Literacy Based on Learning Models
	
The results found significant differences between pre-test and post-test scores regarding environmental literacy 

across the three models (IEb, Inquiry, and discovery learning models). The results of the analysis of environmental 
literacy enhancement based on each learning model provided a detailed overview of the effectiveness and effects 
of the three models in enhancing students’ understanding and awareness of environmental issues.

Table 2
Results of Independent Sample T-Test Based on Learning Model

Learning Models Test n M SD t p

IEb
Pre-test 99 71.14 4.35

-59.25 .0001
Post-test 99 78.10 4.69

Inquiry
Pre-test 99 69.53 4.35

-18.53 .0001
Post-test 99 71.82 4.45

Discovery Learning
Pre-test 99 70.75 5.18

-12.57 .0001
Post-test 99 72.78 5.20

The results in Table 2 represent a significant difference between students’ environmental literacy levels before 
and after applying different learning models. The difference between the pre-test and post-test results with the 
IEb model represents -6.96 (SD = 1.16; p < .05). However, in the context of environmental literacy, it indicates a 
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significant increase in understanding after learning using the IEb model. Meanwhile, in the Inquiry model, there is 
an increase in students’ environmental literacy with a difference in results of -2.29 (SD = 1.23; p < .05). Even though 
there is an increase, the difference between the pre-test and post-test results is not as vast as that shown in the 
IEb model. However, the difference in the results is lower, with a value of -1.52 (SD = 1.20; p < .05) compared to the 
Inquiry and IEb models. Furthermore, the IEb model has a more significant effect in enhancing students’ environ-
mental literacy than the inquiry and discovery learning models.

Enhancing Environmental Literacy in School Settings

The current research evaluated the improvement of environmental literacy in each school by applying three 
different learning models: IEb, inquiry, and discovery learning. The study results provided a more detailed overview 
of the effectiveness of the learning models in each school in enhancing students’ understanding of environmental 
issues. However, each school had a distinctive learning environment and students with different backgrounds. 
Therefore, presenting the results of improving environmental literacy in other schools considered these differences 
in context. The presented information provided greater insight into how the learning models interacted with the 
characteristics of each school and the extent to which they were effective in enhancing students’ awareness of 
environmental issues in each learning environment.

Table 3
Results of Dependent Sample T-Test in Each School

School Test n M SD t p

SMA 1 Karanganyar
Pre-test 99 73.09 4.11

-13.49 .0001
Post-test 99 76.93 5.03

SMA 2 Karanganyar
Pre-test 99 70.94 4.03

-12.37 .0001
Post-test 99 74.34 4.93

SMA Muhammadiyah Karanganyar
Pre-test 99 67.39 4.04

-14.11 .0001
Post-test 99 70.92 5.07

The results in Table 3 illustrate the significant difference between the pre-test and post-test scores in terms of 
environmental literacy in the three schools involved in the study, which are SMA  1 Karanganyar, SMA 2 Karanganyar, 
and SMA Muhammadiyah Karanganyar. According to SMA 1 Karanganyar, the difference between the pre-test and 
post-test results in environmental literacy is -3.84 (SD = 2.83; p < .05). The negative number in the difference indi-
cates a decrease in post-test scores from pre-test scores. Still, in the context of environmental literacy, it suggests an 
increase in students’ understanding of environmental issues after participating in learning at SMA 1 Karanganyar. 
Meanwhile, at SMA 2 Karanganyar, the difference between the pre-test and post-test results on environmental lit-
eracy is -3.39 (SD = 2.72; p < .05). It also indicates a significant increase in students’ understanding of environmental 
literacy after the SMA 2 Karanganyar learning process. Meanwhile, at SMA Muhammadiyah Karanganyar, there is a 
difference in the pre-test and post-test results of environmental literacy of -3.53 (SD = 2.49; p < .05). However, the 
negative number indicates an increase in students’ understanding and awareness of environmental issues after 
participating in learning at SMA Muhammadiyah Karanganyar. Furthermore, all three schools display a significant 
difference between the pre-test and post-test scores of environmental literacy. However, the difference between 
the post-test and pre-test results is negative. It indicates a positive increase in students’ understanding of environ-
mental literacy after the learning process.

Discussion 

Enhancing Environmental Literacy Based on Learning Model
	
The current research focuses on the utilization of the IEb model as a means to enhance students’ environmental 

literacy. The IEb model explores students’ understanding of the environment in depth by integrating aspects of 
inquiry, discovery learning, and ethnobotanical knowledge. The study’s findings confirmed that applying the IEb 
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model can effectively improve students’ understanding of environmental issues. The IEb model provides an approach 
that allows students to holistically understand the linkages between environmental aspects and ethnobotanical 
knowledge, thus enhancing environmental literacy in a more in-depth and integrated way.

The IEb model is constructed based on the Inquiry model integrated with ethnobotany. Previous research in 
many literatures reports that learning with an inquiry model enhances literacy (Calcagni et al., 2023; Chu et al., 2011; 
O’Neil et al., 2020), while the discovery learning model enriches students’ experiences through direct observation, 
exploration, and active roles in enhancing literacy (Adriyawati et al., 2020; Bicknell-Holmes & Seth Hoffman, 2000; 
Muhammad et al., 2023). Furthermore, other research results also report that learning based on ethnoscience 
studies improves literacy (Abonyi et al., 2014; Fasasi, 2017; Rusilowatil et al., 2021), which is the expected impact 
of ethnoscience-based learning. Nonetheless, in this study, the IEb model’s effect significantly enhances environ-
mental literacy. The significant results indicate that the IEb model successfully enhances students’ understanding 
of environmental issues and ways to address environmental challenges using ethnobotanical knowledge.

Furthermore, the improvement could have been in the IEb model, indicating a more minor impact on enhanc-
ing students’ understanding of environmental literacy. However, applying the discovery learning model represents 
a significant enhancement of environmental literacy. Nonetheless, this difference is minor compared to the inquiry 
and IEb models. The three learning models indicated an enhancement in environmental literacy, but the enhance-
ment level was different. However, the IEb model proves to have a more significant effect on enhancing students’ 
understanding of the environment than the inquiry and discovery learning models.

Previous research has suggested a significant enhancement in students’ understanding of environmental is-
sues and their ability to respond to environmental challenges by utilizing ethnobotanical knowledge (Rusilowatil 
et al., 2021). According to the study, it has been found that the application of ethnobotanical knowledge in an 
environmental context has helped students better understand the interaction between humans and the natural 
environment. The cultivation of student comprehension has been achieved through an inquiry-ethnobotany ap-
proach, encouraging active questioning, investigation, and application of knowledge regarding plants and their 
everyday use. Students have learned not only about the traditional benefits of plants but also how traditional 
knowledge could be applied to deal with environmental challenges encountered by modern society.

The utilization of the IEb model provides opportunities for students to engage in deeper research and explora-
tion of natural resources, local wisdom, and efforts to protect the environment. Each student gains a more holistic 
understanding of the complex relationship between humans and nature, as well as the importance of maintaining 
ecosystem balance (Zerbo et al., 2022). Accordingly, the results of previous studies (Abonyi et al., 2014; Rusilowatil 
et al., 2021) illustrate that the use of the inquiry-ethnobotany model can be an effective approach in enhancing 
students’ understanding of environmental issues and how the application of ethnobotanical knowledge could 
provide solutions in addressing current environmental challenges.

Enhanced Environmental Literacy in School Settings
	
	 The results at SMA 1 Karanganyar, SMA 2 Karanganyar, and SMA Muhammadiyah Karanganyar provide 

an exciting insight into the effectiveness of learning approaches in enhancing students’ understanding of environ-
mental issues. However, while all three schools demonstrate enhancement in environmental literacy, the different 
enhancement levels reflect the other effects of each learning model. The three schools indicated that each learning 
model further enhanced students’ understanding of environmental issues. Each learning model, IEb, inquiry, and 
discovery learning, presented different learning activities. The effects of the three learning models in enhancing 
students’ understanding of environmental issues are based on learning activities and encouraging students to 
interact with environmental information.

Previous studies have reported that each learning model has varying effects on enhancing student understand-
ing (Calcagni et al., 2023; Cheng & Carolyn Yang, 2023; Yue et al., 2023), including environmental issues. Combining 
multiple learning models could provide a holistic and in-depth approach to educating students about protecting 
and preserving the environment (Calcagni et al., 2023). The IEb model, emphasizing evidence-based learning, 
has assisted students in analyzing and structuring their understanding of environmental issues based on existing 
facts and evidence. Meanwhile, the inquiry model has emphasized active exploration and knowledge discovery 
by students. Furthermore, the discovery learning model has emphasized learning through experimentation and 
observation. Therefore, the difference in the enhancement of environmental literacy in each school reflects how 
each learning model provides different learning experiences for students. 
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Limitations of This Study
	
While the primary aim of the research is to introduce the IEb model as a means to enhance students’ envi-

ronmental literacy, it is important to acknowledge several limitations. Firstly, the findings of the study may have 
limited generalizability due to the specific context in which the IEb model was implemented. Variations in cultural 
backgrounds, educational systems, and geographical locations could influence the effectiveness of the model in 
different settings. Secondly, limitations related to sample size and diversity may impact the study’s applicability to 
a broader population. A small or homogeneous sample may constrain the ability to draw widespread conclusions. 
Additionally, the inclusion of diverse student demographics could provide a more comprehensive understanding 
of the IEb model’s effectiveness. Thirdly, the duration of the IEb model’s implementation could be a limiting factor. 
Longer-term studies would offer insights into the sustained impact of the model on students’ environmental literacy 
over time. Fourthly, the validity and reliability of the measurement tools used to assess students’ environmental 
literacy could pose limitations. Ensuring the adequacy and appropriateness of assessment instruments is crucial 
for accurately capturing the effects of the IEb model. Finally, external factors such as socioeconomic status, family 
influence, and community support may also influence students’ environmental literacy. While the IEb model may 
contribute to enhancing environmental awareness, these external influences should be considered in interpreting 
the findings. Despite these limitations, the research findings are anticipated to provide valuable insights into the 
potential of the IEb model in promoting environmental literacy and bridging the gap between modern scientific 
knowledge and local wisdom.
 
Conclusions and Implications

	
The current research highlights how the IEb model exhibited a significant effect in enhancing students’ 

environmental literacy. Although the difference in post-test scores from the pre-test is negative, it indicated an 
enhanced and deeper understanding of environmental issues post-learning. The inquiry model also contributes 
to enhancing environmental literacy, although not as much as IEb. While the discovery learning model, although 
providing a significant enhancement, provides less impact compared to the other models. However, from the 
results of the research in each of the schools involved, all indicated a significant enhancement of environmental 
literacy. Although the difference between post-test and pre-test results is negative, it also indicated a positive 
enhancement in students’ understanding of environmental issues after the learning process. While each school 
has different characteristics and responses to the learning models, in general, they all indicated a positive impact 
in enhancing students’ understanding of environmental issues. 

Furthermore, while the inquiry model also contributes to improving environmental literacy, its impact is not as 
significant as that of the IEb model. Similarly, the discovery learning model, while yielding significant enhancements, 
demonstrates a lesser impact compared to the other models. However, the results across all schools involved in 
the study uniformly indicate a substantial enhancement of environmental literacy. Despite the negative difference 
between post-test and pre-test results, there is a clear positive enhancement in students’ comprehension of envi-
ronmental issues following the learning process. In summary, this research confirms that all three learning models 
positively influence students’ understanding of environmental issues. Moving forward, future studies could delve 
into specific aspects of environmental literacy, such as ecosystem comprehension, engagement in environmental 
conservation efforts, or awareness of global environmental issues. This approach may yield deeper insights into 
the nuanced effects of each learning model on distinct facets of environmental literacy. Moreover, expanding the 
scope of studies to include more schools or diverse geographical regions could provide a broader understanding 
of how learning models interact within specific educational or community contexts. Further studies could focus 
on specific aspects of environmental literacy, such as understanding of ecosystems, environmental conservation 
actions, or awareness of global issues. It might provide deeper insights into how each learning model influences 
specific aspects of environmental literacy. 
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