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Abstract: The low scientific literacy skills of students in Indonesia, as reflected in the results of the Programme for
International Student Assessment (PISA), indicate the need for the implementation of learning models that are able to develop
students' scientific thinking skills. This study aims to determine the effect of the guided inquiry learning model on students'
scientific literacy skills in ecology material. This study uses a quantitative approach with a quasi-experimental design using
a Nonequivalent Control Group Design. The research sample consisted of two classes: the experimental class, which
implemented the guided inquiry learning model, and the control class, which used the direct learning model. The research
instrument was a scientific literacy test consisting of validated multiple-choice questions. Data analysis was carried out using
normality and homogeneity tests, N-gain calculations to assess increases in scientific literacy skills, and independent-samples
t-tests to test the research hypothesis. The results showed that the average pretest scores for the experimental and control
classes were 37.92 and 38.02, respectively, indicating that the two classes' initial abilities were relatively similar. After
treatment, the average posttest score for the experimental class increased to 77.60, while the control class's score reached
65.10. The independent sample t-test results showed a significance value of 0.000 (<0.05), thus accepting the alternative
hypothesis. Based on the study's results, the guided inquiry learning model significantly improved students' scientific literacy
in ecology. This finding suggests that the implementation of the guided inquiry learning model can be an effective alternative
in improving students' scientific literacy skills through learning activities centered on investigation, problem-solving, and

active student involvement in the scientific process.
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Introduction

The 21st century demands an education system that
prepares students not only with academic competence but
also with the ability to adapt to the rapid advancement of
science and technology [1]. One essential competency is
scientific literacy, which refers to an individual's ability to
understand, evaluate, and apply scientific knowledge in
various real-life contexts. Scientific literacy plays a crucial
role in fostering critical thinking, evidence-based decision-
making, and problem-solving skills to address increasingly
complex social, environmental, and technological challenges
[2]. Therefore, science education has a strategic role in
developing this competency through learning that
emphasizes not only conceptual understanding but also the
ability to explain natural phenomena and apply scientific
concepts in everyday life [3].

However, Indonesian students' scientific literacy
remains relatively low. Results from the Programme for
International Student Assessment (PISA) indicate that
Indonesia's science literacy score declined from 403 in 2015
to 396 in 2018, and further decreased to 383 in 2022 [4].
These scores remain below the OECD average, indicating
that many students continue to have difficulty explaining
scientific phenomena, evaluating scientific evidence, and
applying scientific knowledge to solve real-world problems
[5]. This condition suggests that science instruction in
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schools still needs improvement to better develop
competencies aligned with the demands of the 21st century
and the latest international assessment framework [6].

The low level of scientific literacy is influenced by
several factors, including teacher-centered instructional
practices that provide students with limited opportunities to
engage in scientific activities. Students tend to receive
information passively through lectures, while opportunities
for observation, experimentation, scientific discussion, and
inquiry remain limited [7]. Furthermore, the underutilization
of laboratory facilities, the limited implementation of
contextual learning, and the lack of activities that encourage
students to construct knowledge through direct experience
result in students memorizing concepts rather than
understanding their connections to real-world phenomena
[8]. Recent international studies have also demonstrated that
inquiry-based learning, authentic learning experiences, and
contextual problem-solving significantly improve students'
scientific literacy [9].

One instructional approach considered effective in
addressing these issues is the Guided Inquiry Learning
Model. This model places students at the center of the
learning process by engaging them in systematic
investigations under the teacher's guidance throughout each
stage of learning [10]. Through identifying problems,
formulating hypotheses, collecting and analyzing data, and
drawing conclusions based on scientific evidence, students
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are provided with opportunities to construct their own
understanding of the concepts being studied. At the same
time, this process develops scientific thinking skills, which
constitute the core of scientific literacy [11]. Numerous
national and international studies have reported that
implementing guided inquiry learning enhances students'
ability to explain scientific phenomena, develop science
process skills, think critically, construct scientific
arguments, and use scientific evidence in decision-making
[12].

Ecology is a highly relevant subject for developing
scientific literacy because it examines the relationships
between living organisms and their environment through
authentic phenomena closely related to students' daily lives,
such as environmental pollution, ecosystem changes,
biodiversity, climate change, and the impacts of human
activities on environmental balance. These characteristics
enable students to conduct direct observations, collect data,
analyze cause-and-effect relationships, and formulate
evidence-based solutions. Consequently, ecology provides
an appropriate context for developing the three core
scientific literacy competencies emphasized in the PISA
2025 Framework: explaining phenomena scientifically,
evaluating and designing scientific investigations, and
interpreting scientific data and evidence critically [13].

The novelty of this study lies in implementing the
Guided Inquiry Learning Model in ecology instruction, using
the PISA 2025 scientific literacy competency framework as
the basis for developing indicators, assessment instruments,
and analyses of students' scientific literacy. Unlike previous
studies, which generally relied on earlier PISA frameworks
or focused solely on scientific knowledge, this study
comprehensively integrates the three scientific literacy
competencies outlined in the PISA 2025 framework into
both the instructional process and student assessment.

Based on preliminary observations and interviews
with science teachers at SMP Negeri 35 Medan, classroom
instruction remains predominantly lecture-based, while
laboratory activities and scientific investigations have not
been implemented effectively despite the availability of
science laboratory facilities. This situation has limited
students' development of scientific literacy, as reflected in
the initial (pretest) assessment results, which showed an
average score of 45.83. Therefore, there is a need to
implement a learning model that actively engages students in
scientific inquiry to more effectively develop their scientific
literacy.

Based on the above considerations, this study is
expected to provide more up-to-date empirical evidence
regarding the effectiveness of the Guided Inquiry Learning
Model in improving students' scientific literacy in ecology at
SMP Negeri 35 Medan during the 2025/2026 Academic
Year.

Research Methods

This study employed a quantitative quasi-
experimental design with a Nonequivalent Control Group
Design. This design was selected because the researcher was
unable to randomly assign participants; therefore, the
experimental and control groups were determined based on
existing classroom assignments. Both groups were
administered a pretest before the treatment and a posttest
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after the treatment to measure students' initial scientific
literacy and the changes in it following the learning process.
This design enabled a more objective analysis of the learning
model's effect on students' scientific literacy [14].

The study was conducted at SMP Negeri 35 Medan
during the second semester of the 2025/2026 academic year.
The population consisted of all seventh-grade students, while
the sample was selected through purposive sampling based
on students' equivalent academic abilities. The sample
comprised Class VII-6 as the experimental group (32
students) and Class VII-7 as the control group (32 students).

The treatment was implemented over 10 instructional
periods on the topic of ecology. The experimental group
received instruction using the Guided Inquiry Learning
Model, whereas the control group received direct instruction,
following the teaching practices commonly implemented at
the school.

The Guided Inquiry Learning Model was
implemented systematically according to its instructional
syntax in each lesson, consisting of: (1) orientation and
problem presentation, in which the teacher introduced
contextual phenomena related to ecology; (2) problem
identification and hypothesis formulation, in which students
identified the problem and proposed tentative hypotheses;
(3) data collection, through observation, discussion, analysis
of various learning resources, or laboratory activities
appropriate to the lesson; (4) data analysis and interpretation,
in which students processed and analyzed the collected data
to test their hypotheses; and (5) conclusion and reflection, in
which students presented the results of their investigations,
discussed their findings, and related them to the scientific
concepts being studied. These stages were designed to
provide active, systematic, and meaningful learning
experiences that promote the development of students'
scientific literacy[ 15].

To ensure implementation fidelity, the researcher
used the same lesson modules, Student Worksheets (LKPD),
and instructional materials throughout all learning sessions.
In addition, the implementation of each instructional stage
was monitored using observation sheets to ensure consistent
adherence to the Guided Inquiry Learning Model and the
research design.

The research instrument was a 30-item multiple-
choice scientific literacy test developed based on the
scientific literacy competencies outlined in the PISA 2025
framework, namely: explaining phenomena scientifically,
evaluating and designing scientific investigations, and
interpreting scientific data and evidence. Prior to its
administration, the instrument underwent content validity
evaluation by expert validators. The validation results
indicated that all test items met the required validity criteria
and were therefore suitable for use as research instruments.

Data were analyzed using IBM SPSS Statistics
Version 22. The analysis included descriptive statistics to
obtain the mean and standard deviation, N-gain analysis to
determine improvements in students' scientific literacy [16],
assumption tests consisting of the Shapiro—Wilk test for
normality and Levene's Test for homogeneity of variance,
and an Independent Samples t-test at a significance level of
0.05 to examine the effect of the learning model on students'
scientific literacy [17].
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Results and Discussion

The results of this study present an analysis of
students’ scientific literacy data obtained from pretests and
posttests in both the experimental and control classes. The
analysis was conducted to determine the equivalence of
students’ initial abilities, the fulfillment of prerequisite tests,
and the effect of implementing the guided inquiry learning
model on improving students’ scientific literacy skills.

Table 1. Independent Samples T-Test Results for Pretest

Data Class Mean Sig.  Sig. Level
Experimental 37.92
Pretest Control  38.02 0.833 >0.05

Based on Table 1, the results of the Independent
Samples T-Test on the pretest data indicate that the
significance value of 0.833 exceeds the established
significance level of 0.05. This indicates that there is no
significant difference in initial scientific literacy between the
experimental and control classes.

Table 2. Normality Test
Data Class Sig. Criteria
Pretest Control 0.127  Normally distributed
Experimental 0.222  Normally distributed
Posttest Control 0.086  Normally distributed
Experimental 0.122  Normally distributed

Based on the results of the normality test using the
Shapiro-Wilk method presented in Table 2, the significance
(Sig.) values for the pretest data are 0.127 for the control
class and 0.222 for the experimental class. Meanwhile, for
the posttest data, the significance values are 0.086 for the
control class and 0.122 for the experimental class. These
values indicate that all data are normally distributed, as each
significance value is greater than 0.05.

Table 3. Uji Homogenitas

Data Levene Sig. Sig. Description
Statistic Level

Pretest 0.006 0.939 >0.05 Homogeneously

distributed

Posttest 0.760 0.387 >0.05 Homogeneously

distributed

The normality test using the Shapiro-Wilk method is
presented in Table 2; the significance (Sig.) values for the
pretest data are 0.127 for the control class and 0.222 for the
experimental class. Meanwhile, for the posttest data, the
significance values are 0.086 for the control class and 0.122
for the experimental class. These values indicate that all data
are normally distributed, as each significance value is greater
than 0.05.

Table 4. Uji Independent sample T test Postest

Data Class Mean Sig. Sig. Level
Posttest Experimental 77.60 0.000 <0.05
Control 65.10

The independent Samples T-Test on the posttest data
after the treatment yielded a significance value of 0.000
(p=0.000) with a t-value of -6.970. This significance value is
lower than the predetermined significance level of 0.05.
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Therefore, the null hypothesis (Ho) is rejected, and the
alternative hypothesis (H.) is accepted.
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Figure 1. Improvement of Scientific Literacy Indicators

Figure 1, which shows improvements in scientific
literacy for each indicator, the experimental class achieved
higher scores on the indicators of explaining phenomena
scientifically and constructing and evaluating investigations
than the control class. Meanwhile, for the indicator of
investigating, evaluating, and using scientific information
for decision-making, both classes show relatively similar
scores. This indicates that the improvement in this indicator
is less pronounced than in the other indicators.

Based on the results of the hypothesis test, there was
a significant difference in the posttest scores between the
experimental and control groups. These findings indicate
that implementing the Guided Inquiry Learning Model had a
significant effect on students' scientific literacy in ecology.
This instructional model provided students with
opportunities to actively participate in the learning process
through inquiry activities, construct concepts independently,
and connect scientific concepts with phenomena
encountered in everyday life. These findings are consistent
with constructivist learning theory, which posits that
knowledge is actively constructed by learners through
learning  experiences and interactions with their
environment. Through these experiences, students not only
developed a deeper understanding of ecological concepts but
also enhanced their scientific thinking skills, which form the
foundation of scientific literacy [18].

The improvement in scientific literacy observed in the
experimental group can be explained by the stages of the
Guided Inquiry Learning Model implemented throughout the
study. The learning process began with a video presenting a
contextual problem illustrating interactions within
ecosystems, intended to stimulate students' curiosity about
the observed phenomena. Students were then guided to
formulate hypotheses through group discussions based on
the identified problems. During the investigation stage,
students conducted direct observations in the school
environment to identify biotic and abiotic components and
examine the relationships among ecosystem components.
The observational data were subsequently analyzed
collaboratively by comparing the findings with the
hypotheses formulated earlier. In the final stage, each group
presented the results of its investigation, followed by class
discussions and concept reinforcement by the teacher. This
sequence of activities provided meaningful learning
experiences because students acquired knowledge through
direct inquiry, making the learning process more active,
contextual, and effective in enhancing scientific literacy
[19].
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Analysis of the scientific literacy competencies
revealed that the greatest improvement in the experimental
group occurred in the indicators of explaining phenomena
scientifically and in constructing, evaluating, and designing
scientific investigations. These improvements can be
attributed to the fact that both competencies were explicitly
practiced throughout every stage of the Guided Inquiry
Learning Model. Students were trained to identify problems,
formulate hypotheses, conduct observations, collect data,
analyze observational findings, and draw conclusions based
on scientific evidence. These activities provided students
with authentic experiences in applying ecological concepts
to explain phenomena occurring in their surrounding
environment. In contrast, instruction in the control group
remained predominantly teacher-centered, limiting students'
opportunities to  conduct independent  scientific
investigations, which consequently resulted in lower gains in
scientific literacy compared with the experimental group
[20].

Meanwhile, the improvement in the indicator of
investigating, evaluating, and using scientific information
for decision-making was relatively lower than that of the
other indicators. This finding suggests that this competency
is more complex because it requires students to evaluate
information critically, consider alternative solutions to
problems, and make decisions based on scientific evidence.
Although observation, discussion, and presentation activities
provided opportunities for students to develop these skills,
the duration of the intervention was not sufficient to
maximize their achievement. Therefore, this competency
requires more intensive and sustained practice through
instructional approaches that consistently engage students in
contextual problem-solving and evidence-based decision-
making [21].

The findings of this study reinforce those of previous
research demonstrating that the Guided Inquiry Learning
Model is effective in improving students' scientific literacy,
science process skills, and critical thinking abilities.
However, previous studies have also reported that students'
abilities to evaluate scientific information and make
evidence-based decisions tend to develop more slowly than
their abilities to explain scientific phenomena or conduct
scientific investigations. These findings suggest that the
effectiveness of the Guided Inquiry Learning Model is
influenced by factors such as instructional duration, subject-
matter characteristics, and students' engagement in scientific
inquiry activities.

This study has several limitations. First, it was
conducted in only one school with a relatively small sample
size, limiting the generalizability of the findings. Second, the
instructional intervention lasted only ten instructional
periods, which may not have been sufficient to fully develop
all aspects of scientific literacy, particularly evidence-based
decision-making skills. Third, scientific literacy was
assessed solely through a multiple-choice test, which may
not comprehensively capture students' abilities in scientific
argumentation and inquiry. Therefore, future studies are
recommended to involve larger and more diverse samples,
implement longer instructional interventions, and employ a
wider range of assessment methods, such as performance
assessments, scientific argumentation tasks, and interviews,
to provide a more comprehensive evaluation of students'
scientific literacy.
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Conclusion

Based on the data analysis and processing, it can be
concluded that the implementation of the Guided Inquiry
Learning Model had a significant effect on students'
scientific literacy in ecology at SMP Negeri 35 Medan
during the 2025/2026 academic year. This conclusion is
supported by the results of the Independent Samples t-test on
the posttest data, which yielded a significance value of 0.000
(p < 0.05). Therefore, the alternative hypothesis (H.) was
accepted, while the null hypothesis (Ho) was rejected. The
findings indicate that the Guided Inquiry Learning Model
effectively increased students' active engagement in
observing, investigating, analyzing, interpreting data, and
drawing conclusions based on scientific evidence, thereby
producing a positive impact on the development of their
scientific literacy. Regarding the scientific literacy
competencies, the greatest improvement was observed in
explaining phenomena scientifically and in evaluating and
designing scientific investigations, whereas the smallest
improvement occurred in interpreting and using scientific
information for decision-making. These findings suggest
that evidence-based decision-making skills require more
intensive and sustained practice, supported by learning
experiences that provide students with opportunities to
analyze scientific issues within authentic real-life contexts.
This study advances science education by demonstrating that
the Guided Inquiry Learning Model is an effective
instructional approach for developing scientific literacy
competencies in line with the PISA 2025 framework.
Therefore, junior high school science teachers are
encouraged to consistently implement inquiry-based
learning by incorporating contextual problems, scientific
investigations, and classroom discussions to provide
students with more meaningful learning experiences while
fostering their scientific thinking skills.
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