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Abstract

Improving chemical literacy is an important task in learning in the global and sustainable development
era. However, chemistry learning at schools still tends to focus on mastering theoretical concepts.
Therefore, a learning model that is able to provide meaningful and contextual learning experience is
needed, one of which is the experiential learning model. The experiential learning model is considered
capable of facilitating students in constructing knowledge and developing chemical literacy skills. This
study aims to analyze students’ chemical literacy skills before and after learning using the experiential
learning model on the topic of global warming, as well as analyzing their improvement. This study
employed a quasi-experimental method with a one-group pretest—posttest design and was conducted in
two public senior high schools in Sleman Regency, Indonesia, with a sample of 144 Grade X students. Data
were collected using chemical literacy tests that had been validated theoretically and empirically. The
data were analyzed using a paired t-test and N-gain scores. The results showed a significant difference
between pretest and posttest scores, with an improvement in chemical literacy skills in the medium
category. These findings indicate that the application of the experiential learning model is effective in
improving students’ chemical literacy skills on global warming topics.
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INTRODUCTION
Global warming is an increasingly crucial environmental issue in the 21st century. The impact
not only disrupts ecosystem stability, but also triggers social, economic, and public health
changes around the world. Studies have shown that the increase in the earth's average
temperature is mainly caused by human activities, such as the burning of fossil fuels,
deforestation, industrialization, and land-use changes (Ibarra-Rius & Pons, 2024; Scafetta, 2024).
These activities produce greenhouse gases including carbon dioxide (CO;) and methane (CH,)
that reinforce the greenhouse effect in the atmosphere (Rezapouraghdam & Hidalgo-Garcia,
2024; Sulistyono, 2020). The accumulation of these gases triggers climate change which is
characterized by extreme weather, rising sea levels, and declining biodiversity (Andarini &
Sudarti, 2023). The Intergovernmental Panel on Climate Change (IPCC) also affirms that human
activity is a major factor in climate change that is taking place today (Kovach et al., 2024).
Global warming is a complex problem that cannot be solved only through a scientific and
technical approach. However, it requires the collaboration of various social, economic, political,
and ethical perspectives to produce sustainable solutions (Roper & Kohl, 2024; Zhao et al.,
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2024). This condition places education as a strategic sector in preparing the younger generation
to be able to understand, study, and play an active role in finding solutions to these global
challenges. Science learning, especially at the secondary school level, is required not only to
emphasize understanding of concepts, but also to encourage the development of science
literacy and concern for the environment.

The global warming issue is an example of Socio-Scientific Issues (SSI) which is very relevant
in the field of chemistry. This topic has a strong connection with chemical concepts such as the
combustion process, the carbon cycle, the greenhouse effect, and gas emissions (Atabey &
Topcu, 2017; Widiyawati, 2020). SSI-based learning provides students with the opportunity to
connect scientific concepts with real context while understanding the social and environmental
impacts of an issue. A number of studies have proven that the SSl approach can improve science
literacy through the ability to interpret scientific evidence, evaluate arguments, and make data-
driven decisions (Badeo & Duque, 2022; Ban & Mahmud, 2023; Wiyarsi & Calik, 2019). In
addition, direct involvement in real issues also contributes to fostering environmental
awareness (Edsand & Broich, 2020; Thor & Karlsudd, 2020).

Global warming as a context of SSl allows chemistry teachers to present more applicable and
meaningful learning. Through activities such as discussion, debate, and problem-solving,
students are invited to examine issues from various perspectives, understand the relationship
between science and social life, and consider the long-term impact of human activities on the
environment (Araya et al., 2024; Auliah et al., 2025; Yaumi et al., 2019). This kind of learning not
only enriches the learning experience, but also shapes learners into critical, reflective, and
responsible individuals.

In Indonesia, the Merdeka Curriculum provides a wider space for the integration of
environmental and social issues in the learning process. This approach emphasizes the relevance
of the subject matter to the real lives of students, including discussions about climate change
and global warming that are relevant to the context of students' lives (Kementerian Pendidikan
Kebudayaan Riset dan Teknologi, 2024; Vioreza et al., 2023). In addition, the Independent
Curriculum emphasizes the development of 21st century skills, such as critical thinking,
collaboration, problem-solving, and science literacy as essential competencies for students
(Devian et al.,, 2023). Learning is designed to be more experiential to learning through
experimental activities, field projects, and scientific discoveries that allow learners to actively
build understanding (Bell, 2010; Ridwan et al., 2023).

In chemistry learning outcomes, students are expected to understand scientific processes
related to global warming, such as the reactions that produce CO,, the role of deforestation in
increasing greenhouse gas concentrations, and the environmental and social impacts of climate
change (Ministry of Education and Culture, 2024). Students are also invited to learn about other
issues related to climate change, such as food security and human health (Mirzabaev et al.,
2023). This approach is consistent with constructivist theory which emphasizes that knowledge
is built through direct experience and reflection (Piaget, 1972; Sarkar et al., 2022). One of the
models that is considered to be able to optimize the learning process based on environmental
issues is Experiential Learning, because this model provides opportunities for students to
experience real phenomena directly so that science concepts can be understood through
concrete experiences and deep reflection (Hayati, 2020).

The experiential learning model places direct experience as the core of learning, so that
students can understand phenomena concretely (Susiloningsih et al., 2023). Kolb (1984) explains
that this model includes four stages, namely concrete experience, reflection, abstract
conceptualization, and active experimentation. Through this stage, students are given the
opportunity to observe, reflect, build concepts, and apply these concepts in new situations
(Shehu et al., 2024; Susanti et al., 2023). In the discussion of global warming, Experiential
Learning can be carried out through activities such as greenhouse effect experiments, air quality
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observations, analysis of ambient temperature changes, or environmental mitigation projects
such as tree planting. In addition, action-based activities such as waste processing, biogas
production, and ecoenzyme production can also be a means of learning that allows students to
understand the relationship between human activities, greenhouse gas emissions, and efforts
to reduce the impact of global warming directly.

Various studies show that experiential learning is able to strengthen the understanding of
scientific concepts because students experience the phenomena they learn for themselves
(Conchas et al., 2023). In addition, this model supports the development of critical thinking
because learners are trained to analyze information and draw conclusions based on evidence
(Hamilton & Klebba, 2011). Experiential learning has strong relevance to the development of
chemical literacy. Chemical literacy includes the ability to understand chemical concepts and use
them in real-life situations, including the skills to analyze chemical issues in society and make
science-based decisions (Cigdemoglu & Geban, 2015; Shwartz, Ben-zvi, et al., 2006). However,
some studies report that the chemical literacy of students in Indonesia is still low (Yuliati, 2017;
Prasemmi et al., 2021), which is also seen in the 2022 PISA achievements (OECD, 2023).
Therefore, a learning model is needed that not only strengthens the mastery of concepts, but is
also able to relate them to real-life contexts so that chemical literacy develops more
comprehensively.

The issue of global warming requires very adequate chemical literacy because students must
understand the chemical mechanisms underlying global warming, such as the carbon cycle or
the impact of gas emissions. Students who have good chemical literacy will be able to assess the
impact of human activities, compare alternative solutions, and make decisions that favor
environmental sustainability (Rahmawati et al., 2023). Students must also be able to see issues
from a social and ethical perspective (Sevian et al., 2018; Shwartz et al., 2013).

SSlI-based learning has been shown to improve students' chemical literacy (Prodjosantoso et
al., 2024). Topics such as global warming allow students to engage in the analysis of real issues,
weigh scientific evidence, and formulate solutions. Thus, incorporating SSl in chemistry learning
is an effective strategy to improve students' understanding. Although the Experiential Learning
model and the SSI approach have proven to be effective, research integrating the two on global
warming is still limited in Indonesia. Given that global warming is a topic in the curriculum,
empirical studies are needed to assess the effectiveness of this learning strategy. This research
is expected to make a theoretical and practical contribution. Theoretically, research can expand
the study of the integration of Experiential Learning and SSI in chemistry learning. In practical
terms, the results of the research can serve as a guideline for teachers in designing learning that
is more contextual and relevant to global challenges, while supporting the development of
curricula that are responsive to environmental issues and 21st century skills.

Based on this urgency, as well as the limited research that specifically integrates the
Experiential Learning model and SSl's approach to global warming materials in the context of
chemistry learning in Indonesia, an empirical study is needed that is able to assess the
effectiveness of these learning strategies in more depth. Thus, the questions focused on the
research are: (1) How did students' chemical literacy skills improve before and after participating
in the experiential learning model on global warming as a SSI? and (2) How much did students'
chemical literacy skills improve after participating in the Experiential Learning model on global
warming?

RESEARCH METHOD

This study employed a quantitative approach with a quasi-experimental design to examine the
effect of the Experiential Learning model on students’ chemical literacy skills in the context of
global warming as a socio-scientific issue (SSI). The research design applied was a one-group pre-
test—post-test design (Creswell & Plano Clark, 2017). The study involved four experimental
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classes consisting of 144 Grade X students from two public senior high schools in Sleman
Regency, namely two classes from SMA Negeri 1 Pakem and two classes from SMA Negeri 1
Cangkringan. The selection of schools was conducted using convenience sampling, based on
school accessibility and willingness to participate in the study. After the schools were selected,
the sample classes were determined using random sampling, with the class serving as the unit
of randomization. The primary research instrument was a chemical literacy test consisting of 15
designed to measure students' skills to apply chemical concepts in the context of climate change
and environmental issues. To enhance clarity and provide a comprehensive overview of the
methodological process, a flowchart diagram illustrating the research stages is presented in
Figure 1.

Research Design Selection

A 4

Instrument Development
(20-item Chemical Literacy Test)

v
Expert Validation

!

Instrument Revision

I

Empirical Validation

}

Final Instrument
15-item Chemical Literacy Test

!

Main Data Collection

'

Data Analysis

}

Interpretation and Conclution

Figure 1. Flowchart of instrument development and
empirical validation process

The chemical literacy skills test instrument consisted of open-ended questions developed
based on six topics related to global warming. Each topic was contextualized with environmental
issues relevant to students’ local conditions, enabling students to connect real-life experiences
with the chemistry concepts learned. The development of the test items was based on four
aspects of chemical literacy proposed by Shwartz et al. (2006), namely the chemical aspect in
the context, the aspect of chemical content knowledge, Higher Order Learning Skills (HOLS), and
affective aspects. The instrument was piloted with 282 students outside the research sample.
Construct validity was evaluated using Confirmatory Factor Analysis (CFA), and the results
indicated that all items met the required validity criteria. Reliability analysis was conducted to
examine the internal consistency of the instrument, yielding a Cronbach’s alpha coefficient of
0.83, which falls into the very good category. The research data were analyzed using a paired t-
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test to determine differences in students’ chemical literacy skills before and after the
intervention, as well as normalized gain (N-gain) analysis to measure the magnitude of
improvement. Prior to inferential analysis, the data were tested for normality. If the normality
assumption was satisfied, a paired t-test was applied; however, if the data were not normally
distributed, the Wilcoxon signed-rank test was employed as a nonparametric alternative.

RESULTS AND DISCUSSION

Results

This study was conducted to analyze differences in chemical literacy skills before and after
learning using the experiential learning model on the topic of global warming, employing a
paired t-test. Before the implementation of the instructional intervention, a pre-test was
administered, followed by a post-test to measure students’ chemical literacy skills. Because the
assumptions for parametric testing were not met, the data were analyzed using a nonparametric
statistical test, namely the Wilcoxon Signed-Rank Test. The results of the analysis are presented
in Table 1.

Table 1. Wilcoxon signed-rank test chemical literacy score results
Comparison N Mean Rank  Sum of Ranks z Asymp. Sig. (2-tailed)
Posttest — Pretest 144 72.50 10,440.00 -10.480 0.000

Based on the results of the Wilcoxon Signed-Rank Test on students’ chemical literacy scores
in the experimental group, a Z value of -10.480 was obtained with an Asymp. Sig. (2-tailed) value
of 0.000, which is less than 0.05. This indicates a statistically significant difference between pre-

test and post-test scores. The effect size was calculated using the formula (1).

Z
r=— (1)

Vn

It yields a value of 0.87, which indicates a large effect. These results demonstrate a significant
improvement in students’ chemical literacy scores after the implementation of the experiential
learning model. Furthermore, the positive mean rank value of 72.50 indicates that the majority
of students experienced an increase in scores following the learning intervention. Therefore, the
experiential learning model has a positive effect on improving students’ chemical literacy.

Learning using the experiential learning model resulted in greater improvement in students’
chemical literacy skills. This is evidenced by the average N-gain score of the experimental group,
which was 0.52, compared to 0.29 in the control group. A description of the average chemical
literacy scores of Grade X students in the experimental group is presented in Table 2.

Table 2. Average pretest and posttest scores of chemical literacy skills

Groups n Pretest Posttest N-gain Category
Experiment 144 58.37 80.11 0.52 Medium

Discussion

The results of the Wilcoxon Signed-Rank Test showed a significant increase between the pretest
and posttest scores of students' chemical literacy skills. The high positive mean rank value
indicates that the increase in chemical literacy skills occurred consistently in most students, not
just in a few individuals. This finding indicates that learning with the experiential learning model
is able to provide a relatively even and inclusive learning experience in developing chemical
literacy, regardless of differences in students' initial abilities. The achievement of this increase
in chemical literacy is inseparable from the structure of activities in the Experimental Student
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Worksheet (LKPD) which implements the four main stages of experiential learning by Kolb
(1984), namely concrete experience, reflective observation, abstract conceptualization, and
active experimentation.

Concrete experience stage

Students are invited to observe extreme weather phenomena, the production of eco-enzymes,
and the management of organic waste through videos and direct observation in their
surroundings. These activities provide authentic experiences that stimulate scientific awareness
and the ability to connect real phenomena with chemical concepts such as greenhouse gas
formation reactions and fermentation processes.

Reflective operation stage

Reflective observation stage guides students to reflect on their experiences and identify the
relationship between human activities, greenhouse gas emissions, and their impact on the
environment. This stage strengthens interpretive and evaluative skills in chemical literacy as
stated by Shwartz et al. (2006), that the ability to understand chemical issues requires critical
reflection on the relationship between scientific concepts and their social context.

Abstract conceptualization stage

Students connect their reflections with theoretical concepts, such as the chemical reactions of
hydrocarbon combustion, photosynthesis, and fermentation. This activity fosters the ability to
apply chemical concepts to scientific explanations of the phenomenon of global warming.

Active experimentation stage
Active experimentation stage provides opportunities for students to design real actions to
mitigate global warming, such as making eco-enzymes or compost and other innovations based
on the students' ideas. This stage encourages students to apply chemical concepts creatively
and solution-oriented, so that they can do it independently.

A series of Experiential Learning activities comprising the stages of concrete experience,
reflective observation, abstract conceptualization, and active experimentation are presented in
Figure 2.

(d)
Figure 2. Concrete experience (a), reflective observation (b), abstract
conceptualization (c), and active experimentation (d).
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In the concrete experience phase, students work in groups to gain authentic learning
experiences through field observations and hands-on practice. Each group visits a different
environmental management-based location. Group 1 conducted observations at Omah Maggot
Jogja, Group 2 visited Kampung lklim, Group 3 visited a biogas production site, Group 4 studied
eco-enzyme production, and Group 5 observed the organic fertilizer production process. In
addition to observing the ongoing processes, students also participated directly in product
manufacturing practices at each location. This phase aims to provide real, contextual
experiences related to climate change and environmental management issues.

In the reflective observation phase, students reflect on their experiences through structured
classroom discussions. Each group presents the results of their observations and practices and
then discusses them with other groups. Through this process, students analyze field findings,
identify similarities and differences between practices, and develop collaborative
understanding.

Next, in the abstract conceptualization stage, students relate these empirical experiences to
relevant chemical concepts, such as decomposition reactions, fermentation, waste
management, renewable energy, and the principles of environmental chemistry. At this stage,
the teacher acts as a facilitator, helping guide discussions and correct misconceptions so that
the concepts developed align with scientific principles. This process enables students to develop
a more systematic conceptual understanding based on real-world experiences.

The final stage, active experimentation, is realized through the design and implementation
of concrete actions by students as a form of application of the concepts they have understood.
Students design simple activities aimed at reducing the impact of global warming on the
surrounding environment. This stage emphasizes the application of knowledge in everyday life
contexts, so that learning does not stop at conceptual understanding but progresses to reflective
and responsible action.

Overall, the four stages demonstrate a systematic experiential learning cycle that connects
real-world exposure with scientific meaning-making. The integration of real experiences,
scientific reflection, and concept application makes this student worksheet function as a
constructivist tool for building high-level chemistry literacy. This is in line with the findings of
(Bloom & Fuentes, 2019) that Experiential Learning is effective in improving environmental
literacy through direct involvement with real phenomena, critical reflection on issues,
integration between scientific knowledge and social context, and the development of attitudes
as energy and environment-conscious learners. Additionally, the eco-enzyme and biogas context
in the worksheet provides space for learners to relate chemistry concepts to actual
environmental issues, in line with the view of (Hanifha et al., 2023) that science and chemistry
literacy develops when learners can apply scientific concepts to make decisions about real
phenomena in life.

Experiential learning provides space for students to build understanding through direct
interaction with real phenomena, so that the chemistry concepts learned become easier to
understand, meaningful, and sustainable. Thus, the significant improvement in chemistry
literacy scores shows that learning through Experiential Learning-based worksheets has
successfully fostered students' ability to identify, analyze, and solve chemistry problems in the
context of global warming in a scientific and meaningful way.

CONCLUSION

Based on the results of the study, the chemical literacy skills of students before participating in
experiential learning on global warming as SSI were relatively low to moderate, as evidenced by
the students' limited ability to explain scientific concepts, interpret data, and relate chemical
concepts to contextual problems. After participating in experiential learning, students' chemical
literacy skills improved significantly, as seen in the increase in posttest scores compared to
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pretest scores in most chemical literacy indicators. The magnitude of the improvement was
moderate, based on the results of the n-gain study. These results indicate that the experiential
learning model is effective in improving students' ability to understand the concept of global
warming in a contextual manner, analyze science-based issues, and make decisions based on
scientific considerations.
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