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enhancement of students' scientific literacy through
implementation of Problem Based Learning (PBL) model based on
socio-scientific issues (SSI) on ecosystem learning. This research
used a quasi-experimental study with a non-equivalent control
group design. The population consisted off all 7t grade in the
academic year 2024/2025, totaling 108 students. Two classes
were selected as samples: 28 students in the experimental class
and 26 students in the control class. Data collection instruments
include tests, observation, and questionnaire. The data were
analyzed using N-Gain to measure improvement and inferential
statistics to test significance. These findings suggest that Problem
Based Learning (PBL) based on socio-scientific issues (SSI)
effectively enhances students' scientific literacy. This research can
be an alternative strategy, and reference for teachers and schools
in implementing innovative learning that supports scientific
literacy development.
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INTRODUCTION

Scientific literacy is one of the 16 skills in 21st-century considered important by World
Economic Forum, because it includes the ability to research, evaluate, and use scientific information in
decision-making, especially amidst the rampant disinformation in digital era (Sariningrum et al., 2018).
Programme for International Student Assessment (PISA) 2025 emphasizes the importance of scientific
literacy as a crucial competency in responding to science-based issues critically and creatively (Osborne
et al, 2023). Unfortunately, the results of PISA measurement show that the scientific literacy of
Indonesian students is still relatively low (Rohmawati et al,, 2018). In 2015, the assessment of PISA
showed that Indonesian students had an average score of 403, below the global average of 493,
positioning the country at 62nd out of 69 participating nations. In 2018, Indonesia scored an average of
396, significantly below the global average of 489, placing the country at 74th out of 78 participating
nations (Khikmah et al., 2024). The downward trend continued in 2022, with an average score of 383,
still below the global average of 485. That year, Indonesia ranked 71st out of 81 countries (Putri et al.,
2025). Previous study by Putri et al., (2018) revealed that students’ scientific literacy in one of Junior
High School was low in 3 indicators. A similar finding was reported by Permatasari (2022), who noted
that the scientific literacy ability of students at a Junior High School is obtained in a low category in 3
aspects, namely, explaining scientific phenomena, evaluating and designing scientific investigations, and
interpreting data and evidence scientifically. Based on the research pre-interview with science teacher
at MF Junior High School (pseudonym), stated that students still experience difficulties in solving
analytical problems such as interpreting data, explaining scientific phenomena, and drawing
conclusions based on scientific evidence. This is in line with the findings of Ramli et al., (2021) who
stated that students’ scientific literacy is in low category for explaining scientific phenomena indicator
and very low for interpret scientific data and evidence indicator. According to Isti et al., (2020), only
20% of students were able to observe, analyze, and draw conclusions based on data. Putri et al,, (2025)
found that students’ achievement in construct and evaluate designs for scientific inquiry was 53%, and
69% in use scientific information.

The low scientific literacy of students is caused by various factors, including the selection of
inappropriate textbooks, misconceptions, low reading skills, and an unsupportive learning environment
(Fuadi et al.,, 2023). In addition, learning that is not contextual and not relevant to everyday life is also
the main cause (Fibonacci & Sudarmin, 2014; Rohmaya, 2020), including the learning process that is
still conventional and relies on conceptual mastery (Toharudin et al,, 2011; Permanasari et al., 2021).
The results of interviews with science teachers at MF Junior High School (pseudonym) showed that
learning is still conventional, dominated by lecture methods, videos, and discussions without an in-
depth approach to scientific process. Students tend to memorize concepts rather than understand and
relate them to everyday life, so they only get standard concepts (Fauziah et al., 2019; Azizah, 2021). This
is in line with the findings of Yenni et al., (2017) who stated that learning which only focuses on content,
not process and context, contributes to low scientific literacy. Based on the explanation above, the lack
of contextual science learning is one of the main factors contributing to students' low scientific literacy.
Therefore, science learning in schools needs to be improved by not only focusing on the transfer of
knowledge, but also by encouraging students to apply concepts in solving real-world problems, one of
which can be achieved through the implementation of problem-based learning based on socio-scientific
issues.

Problem Based Learning (PBL) model is an effective learning approach to improve students'
scientific literacy, because it places problems as starting point of learning and encourages students to
engage in the learning process independently and collaboratively (Graaff, 2003; Hestiana et al., 2020).
PBL model encourages students to formulate problems, analyze data, conduct investigations, and make
decisions based on scientific evidence (Savery et al., 2001), so they are able to link science concepts to
real life and improve scientific thinking skills (Graaff, 2003). PBL model can be combined with Socio-
Scientific Issues (SSI) approach which raises social issues related to science and has an impact on society
(Yenni et al,, 2017). The combination of SSI-based PBL has been shown to provide real problems that
encourage students to think critically, collect and analyze scientific evidence, and understand the
scientific process more deeply (Graaff, 2003). The results of Yolida's (2021) study showed that the
application of the SSI-based PBL Model can significantly improve students' scientific literacy. Thus, SSI-
based PBL learning has potential to support the improvement of students' scientific literacy.

Biology learning, especially on the topic of Ecosystems, is not sufficient by merely memorizing
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factual knowledge (Permatasari, 2022). In ecosystem learning, contextual aspect is very important
because the scope of ecosystem problems is closely related to everyday life, which requires not only
knowledge, but also attitudes and skills to reflect and solve existing environmental problems
(Subiantoro et al., 2013). Permanasari et al. (2021) stated that ecosystem material is a theme that has
many issues present in society, such as deforestation, environmental pollution, animal exploitation, and
even global warming and climate change. The ecosystem material requires scientific literacy
competencies in its learning process (Putri et al., 2025); therefore, it was selected as the focus of this
study.

Research on the Problem-Based Learning (PBL) Model to improve scientific literacy has been
conducted by several researchers. One of them by Hestiana et al.,, (2020) showed an increase in pretest
and posttest results, thus proving that there was an increase in students' scientific literacy abilities,
especially in the competency aspect. Yani et al., (2022) conducted a similar study but using different
learning materials, and their findings demonstrated that the Problem-Based Learning Model can
enhance students' scientific literacy. The latest research by Putriyani (2024) showed that there was an
increase in the competency aspect of students' scientific literacy after the implementation of the PBL
Model. Similar studies have also been conducted in various countries, demonstrating the global
relevance and effectiveness of the PBL model in science education. A study conducted in Spain by Mufioz
et al, (2023) showed that PBL was effective in enhancing students’ scientific skills, such as asking in-
depth and systematic questions, as well as increasing student engagement in the science learning
process. Furthermore, research in Turkey by Uluginar (2023) revealed that the PBL method used in
science education had a significant impact on students' scientific competencies, related to identifying
and analyzing scientific problems, interpreting data, proposing evidence-based solutions, and drawing
logical conclusions and decision-making. Another study by Ke et al., (2021) in United States found that
the application of socio-scientific issues (SSI) could improve students' scientific literacy skills. The use
of SSI-based learning models has been shown to help students connect scientific knowledge with social,
political, and economic contexts through real-world issues. This approach not only deepens students’
understanding of scientific concepts but also strengthens their critical thinking, decision-making, and
reasoning skills. However, research that integrates the PBL Model with SSI, particularly in ecosystem-
related material, has not yet been implemented at MF Junior High School (pseudonym). Therefore, this
study aims to examine the improvement of the students’ scientific literacy after the use of Problem
Based Learning (PBL) Model Based on Socio-Scientific Issues (SSI) on Ecosystem learning.

METHODS
Research Design

The approach used in this study is a quantitative approach with the research method used were
quasi-experimental method. This study aims to analyze whether there is an increase in students'
scientific literacy, especially in the competency aspect after being given treatment in the form of
implementing the Problem Based Learning (PBL) model based on Socio-Scientific Issues (SSI) on
ecosystem learning. This research uses a Nonequivalent control group design. According to Jaedun
(2011) this design can be illustrated in Table 1.

Table 1
Nonequivalent control group design
No Group Pretest Treatment Posttest
1 Experiment 01 X 02
2 Control Os - 04

The description for the table is as follows: (1) Oi: Initial average value of the Scientific literacy
of students in the experimental class; (2) O2: Final average value of the Scientific literacy of students in
the experimental class; (3) Os: Initial average value of the Scientific literacy of students in the control
class; (4) O4: Final average value of the Scientific literacy of students in the control class; (5) X: Problem
Based Learning (PBL) model based on Socio-scientific Issues (SSI); (6) -: Direct instruction model
learning.

Population and Samples
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This research was conducted at MF Junior High School (pseudonym). The population consisted
off all 7th grade in the academic year 2024 /2025, totaling 108 students, A total of 54 students from two
classes were selected as the research sample. The sample was selected using a purposive sampling
technique, which involves the deliberate selection of subjects based on specific criteria relevant to the
objectives of the study (Jaedun, 2011). Based on academic equivalence, two classes were chosen (Table
2). While the sample may not statistically represent the entire population, it is sufficient to meet the
experimental design requirements. This is supported by Arikunto (2012) who suggests that if the
number of subjects is less exceeds 100, we may take around 25%-30% of the total population as a
representative sample.

Table 2
Research Samples Classification
No Class Numbers of Students Group Type
1 VII-B 26 Controll Class
2 VII-C 28 Experimental Class
Instrument

Data collection instruments include tests, observation, and questionnaire. Data were collected
through several techniques: (1) observation to gather information on the learning implementation
process; (2) written tests to assess the development of students’ scientific literacy before and after the
learning activities; and (3) questionnaires to capture students’ reflections following the learning
process. The observation instrument for learning implementation includes the phases of Problem Based
Learning Model referring to Arends (2008) as cited in Azizah (2021). The scientific literacy test and
questionnaire instrument was constructed with reference to the PISA 2025 scientific literacy
framework, which outlines three core competencies: (1) explaining phenomena scientifically; (2)
constructing and evaluating scientific inquiry designs and interpreting scientific data and evidence
critically; and (3) researching, evaluating, and utilizing scientific information for decision-making and
action. Each item in the instrument were subjected to content validation by two experts in biology
education to ensure alignment with the intended indicators and cognitive demands.

The scientific literacy test was subjected to a try-out process to determine the validity,
reliability, item difficulty level, and discrimination index of each test item. Based on item analysis, 20
multiple choice items demonstrating acceptable levels of validity, difficulty, discrimination, and internal
consistency were retained. The reliability of the refined instrument was determined using Cronbach’s
Alpha, resulting in a coefficient of 0.82, indicating a high level of internal consistency referring to Jaedun
(2011). The test blueprint for each scientific literacy indicators are illustrated in Table 3.

Table 3
Test Blueprint for Scientific Literacy Items
No Scientific Literacy Indicators Total Items Item Numbers
1 Explain phenomena scientifically 6 1,2,5,9, 13,16
2 Construct and evaluate designs for scientific enquiry and 3 3,6,8,10, 15,
interpret scientific data and evidence critically 17,18, 20
3 Resgarch, evalu.ate and use scientific information for decision 6 4,7,11,12, 14, 19
making and action
Procedure

The research procedure was carried out in two main stages: the preparation stage and the
implementation and data collection stage. During the preparation stage, research proposals and
instruments were developed, validated, and research permits were obtained. In the implementation and
data collection stage, the learning model was applied to experimental class. The control class received
conventional instruction, while the experimental class was taught using a problem-based learning (PBL)
model based on Socio-Scientific Issues (SSI) referring to Arends (2008) as cited in Azizah (2021). The
stages of Problem Based Learning (PBL) Based on Socio-Scientific Issues (SSI) implemented in the
experimental class are illustrated in the Table 4.
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Table 4
Stages of Problem-Based Learning (PBL) Based on Socio-Scientific Issues (SSI)

No PBL Syntax SSI Stages Learning Activity
1  Student orientation Problem analysis teacher presents the context of socio-scientific issues
to the problem related to the ecosystem which will hone students' ability
to identify scientific issues
2 Organizing students - students are guided to create questions (problem
to learn formulation) and temporary answers (hypotheses), and

divide tasks with their groups, which will hone students'
ability to make predictions from a scientific phenomenon

3  Assisting students Clarification of the  students are encouraged to lead the investigation process,
and groups in their science & connecting theory and practice, and applying the
investigations Refocus on the knowledge and skills they have to formulate appropriate

socio-scientific solutions to the problems they face (Savery et al., 2001) so
dilemma they will hone students' abilities in designing investigation

designs, interpreting scientific data and evidence, and
researching, evaluating, and using scientific information
for decision making and action

4  Developing and Role-playing task students are guided to plan and prepare appropriate work
presenting work results such as reports and present their work results to
results other groups to hone students' abilities in explaining

scientific phenomena

5  Analyzing and Meta-reflective students will reflect on the investigation process and draw
evaluating the activity conclusions, which will hone students' abilities in
problem-solving evaluating, using scientific information for decision
process making and action.

Data Analysis Techniques

The data analysis method used in this research is to calculate the percentage of observation
results (observed by observers) regarding the implementation of the stages in learning carried out by
teachers and students during the learning process. Analysis of the Scientific literacy test results includes
N-Gain test and inferential statistical test. The N-Gain test is used to determine the difference between
initial score and final score so that the category of improvement can be determined. Meanwhile,
inferential statistical test is used to assess the significance of the improvement (Khikmah et al., 2024).
Analysis of the student reflection questionnaire was carried out quantitative descriptively to determine
student reflection after learning.

RESULTS AND DISCUSSION
1. Learning Implementation

Learning implementation was observed by one observer during two meetings. The results of
learning implementation are presented in Table 5, which show the level of implementation of teacher
performance and student activity in two meetings based on three main stages, namely introduction, core
activities (SSI-based PBL syntax), and closing.

Table 5
Results of Observations of Teacher and Student Activities in Experimental Class
No Stage Object Meeting Mark (%) Category Mean Category
1 Preliminary Teacher 1st 100 Very Good 100 Very Good
2nd 100 Very Good
Students 1st 100 Very Good 100 Very Good
2nd 100 Very Good
2 Core Aktivity Teacher 1st 94 Very Good 97 Very Good
2nd 100 Very Good
Students 1st 87 Very Good 92 Very Good
2nd 96 Very Good
3 Closing Teacher 1st 100 Very Good 100 Very Good
Activities 2nd 100 Very Good
Students 1st 100 Very Good 100 Very Good
2nd 100 Very Good
d
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The results show that SSI in PBL was well implemented on the first and second days/meeting.
The SSI in PBL begins with preliminary activities. Based on Table 5, implementation of the preliminary
stage obtained a very high score of 100, both in the first and second meetings, which shows that teacher
has implemented it very well. The preliminary stage is the initial foundation in the learning process that
functions so that students are ready to learn and have high motivation. Some of the main activities in
this stage include providing motivation, apperception, and conveying learning objectives (Nasirun et al,,
2019). Pedagogically, providing motivation at the beginning of learning plays an important role in
arousing students' interest and enthusiasm to be actively involved in the learning process
(Fathurrohman et al., 2012). Meanwhile, apperception acts as a bridge between students' prior
knowledge and new material to be learned (Asmara et al, 2023). Learning will be more meaningful if
new information can be integrated with the cognitive structure that students previously had (Puteri,
2018). According to Schmidt (1995), activating this prior knowledge is very important because it
prepares students to receive and understand new information. In other words, linking old knowledge
to new problems makes the learning process more meaningful and effective. Moreover, the results of
monitoring teacher and student activities in Table 5 show that the closing stage gets a maximum score
of 100 (very good) both in the first meeting and in the second meeting. This closing stage includes one
of the reflection activities. Reflection functions as a forum for students to re-evaluate what they have
learned, as well as internalize the concepts and skills acquired during the learning process
(Fathurrohman et al., 2012).

The syntax of the PBL model according to Arends (2008) in Azizah (2021) are presented in Table
4. The scores obtained for each stage are illustrated in Figure 1, indicating that the implementation of
the learning process was carried out very well.

100 100 8100 100 0—100 ® 100

95

92 —@= Meeting 1st (students)

g5 ®— Meeting 2nd (Students)
e— Meeting 1st (Teacher)

80 i

@ Meeting 2nd (Teacher)

Percentage of Lesson Activity (%)

75

Activity 1 Activity 2 Activity 3 Activity 4 Activity 5
Lesson Activity

Figure 1. Lesson Activity Data with PBL Models. Note: activity - (1) Student orientation to the problem; (2)
Organizing students to learn; (3) Assisting students and groups in their investigations; (4) Developing and
presenting work results; (5) Analyzing and evaluating the problem-solving process.

The PBL-SSI process proceeds through several structured stages, beginning with the
introduction of complex and authentic SSI problems. Students, either individually or in groups, work to
understand the problem, conduct research, and identify the necessary information. Then, students
formulate hypotheses and seek solutions through discussion and collaboration (Barrows, 1986).
Subsequently, students apply problem-solving strategies they have learned, reflect on the process and
outcomes, and evaluate the solutions they have developed (Asmara et al., 2023). The teacher acts as a
facilitator who supports the development of students’ cognitive and collaborative skills throughout this
process (Azizah, 2021). Through such a learning process, students are encouraged to deeply understand
the problem, seek solutions both independently and collaboratively, and apply scientific steps in solving
the problem (Putriyani, 2023). This process helps students develop stronger problem-solving skills as
they learn to identify issues, formulate hypotheses, test solutions, and reflect on the results (Mufioz et
al,, 2023). Based on Figure 1, the student orientation stage towards the problem obtained the lowest
score (Figure 1). This problem orientation is very important because it acts as the basis for the learning
process, so that it determines the direction of learning (Asmara et al., 2023). The low score at this stage
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can be caused by several factors, including the lack of student experience in dealing with complex open-
ended problems, such as socio-scientific issues (SSI) that are not familiar to most students so students
tend to be passive participation (Subiantoro et al., 2013). In addition, the orientation stage is often
shortened due to time pressure, so teacher do not have time to provide a strong introduction.

When viewed from the learning stages (introduction, core, closing), the value at the core activity
stage is the lowest achievement compared to the values of the preliminary and closing stages (Table 5).
Nasirun et al., (2019) stated that the core activity is the most crucial stage because at this stage the
learning model, learning method, learning media and learning resources are applied. Several factors
that cause this stage not to be implemented properly include: (1) The habit of students learning style,
which tends to rely more on listening the teacher’s explanation rather than reading and studying the
material independently causes students to not easily or slowly respond to the learning scenarios
applied. Most students only read part of the contents of the teaching material to find answers, rather
than to understand the content comprehensively; (2) students have difficulty understanding and
working on worksheets, especially because the substance of the material is quite complex and requires
high analytical skills. Although the material is interesting, most students do not yet have sufficient
critical thinking skills to solve problems in the worksheet in depth. Components in the preliminary
activities and closing activities are were already familiar to both teachers and students so that they can
be carried out very well, while the core learning activities become difficult due to complex class
dynamics, differences in student characteristics, and the need to improve teacher skills in carrying out
in-depth interactions and supporting students' thinking processes (Nasirun et al., 2019).

2. Students’ Scientific Literacy

Students' Scientific literacy is reflected in the N-Gain results analyzed from the pretest and
posttest results of the experimental and control classes in Table 6. The overall N-Gain results indicate a
moderate improvement in scientific literacy competence in the experimental class, both in the average
score and across the three indicators. In contrast, the control class showed only a low improvement, as
reflected in both the overall average and each of the indicators. These results indicate that providing
treatment PBL learning model in the experimental class was able to improve students' scientific literacy
better than using conventional methods. This finding is in line with the research of Hanitha et al. (2023)
that there was an increase in the scientific literacy score with an N-Gain score of 0.57, which is included
in the moderate category. In addition, Nainggolan et al. (2021) described an increase in students'
scientific literacy in the experimental class.

Table 6
N-Gain Calculation in Experimental Class and Control Class
Experimental Class Controlling Class
No  Scientific literacy Indicators Pretest  Posttest N-Gain Pretest Posttest N-Gain
1  Explain phenomena scientifically 52.38 80.35 0.58 62.17 68.58 0.16
2 Construct and evaluate designs 52.23 80.80 0.59 49.03 54.32 0.10

for scientific enquiry and
interpret scientific data and
evidence critically
3 Research, evaluate and use 55.95 76.19 0.45 51.92 60.89 0.18
scientific information for decision
making and action

Mean 53.52 79.11 54.37 61.27
Overall N-Gain 0.53 0,10
Category medium Low

The Explain phenomena scientifically indicator measures students' ability to understand
scientific concepts and use them to explain phenomena that occur in everyday life, not just remembering
these scientific concepts (Berland et al., 2008). The results of the analysis showed that the experimental
class experienced a moderate improvement, while the control class demonstrated only a low level of
improvement (Table 6). This shows that the learning approach applied in the experimental class is more
effective in encouraging students to understand scientific concepts and relate them to real phenomena.
In accordance with Khikmah et al., (2024) that there was an increase in the Explain phenomena
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scientifically indicator with an N-Gain score of 0.72. Another findings by Arding et al., (2020) showed
that the explains the phenomenon scientifically obtained a value of 32.19 and also in the research of
Hestiana et al.,, (2020) that this indicator obtained a value of 42.8 and is included in the medium
category. Uluginar (2023) revealed that PBL method can improve students’ scientific competencies,
especially in identifying and analyzing scientific problems. Thus, proving that including social science
issues in PBL learning can increase the ability to Explains phenomena scientifically. This is due to the
fact that during the stage of student orientation to the problem, organizing students to learn, and
developing and presenting work results in PBL syntax, students are given the opportunity to organize
their findings and communicate their solutions through presentations, reports, or other forms of output
(Schmidt, 1995). This process encourages students to construct explanations for scientific phenomena
based on the evidence they have gathered during the investigation phase. In presenting their work,
students are required to articulate scientific reasoning, explain cause-and-effect relationships, and
connect scientific concepts to real-world contexts (Uluginar, 2023). As a result, this stage directly fosters
the ability to explain scientific phenomena.

In the Construct and evaluate designs for scientific inquiry and interpret scientific data and
evidence critically indicator, the experimental class showed the highest level of improvement with a
moderate category, whereas the control class demonstrated only a low level of improvement (Table 6).
Consistent with the findings of Hidayat et al. (2024) showed that there was an improvement in Construct
and evaluation designs for scientific inquiry and interpret scientific data and evidence critically
indicator at the moderate category level. Rahayu et al. (2022) reported similar findings, that this
indicator obtained a value of 0.70. According to Husniyyah et al. (2023), the indicator demonstrated a
positive development, with an average gain of 37.90. The application of the PBL model in learning can
improve the aspects of data interpretation and evidence scientifically (Putri et al., 2025). Uluginar
(2023) revealed that the PBL method used in science education had a significant impact on students’
scientific competencies, especially in interpreting data. Another study by Mufioz et al. (2023) showed
that PBL was effective in enhancing students’ scientific skills, such as asking in-depth and systematic
questions, as well as increasing student engagement in the science learning process. Thus, proving that
including PBL-SSI learning can increase the ability to construct and evaluate designs for scientific
inquiry and interpret scientific data and evidence critically. This is because during the stage of assisting
students’ investigations in PBL, syntax encourages active student participation in designing
investigations, analyzing and connecting information/data, interpreting and understanding data and
scientific evidence from the data represented (Graaff, 2003). Throughout the investigation process,
students engage with various sources of information, such as texts, tables, and graphs (Putri etal., 2025).
Under the teacher’s guidance, they are encouraged to develop skills in identifying variables, recognizing
patterns, comparing data, and drawing conclusions from graphical data (Asmara et al, 2023).
Furthermore, working in groups facilitates peer discussion, which deepens students’ understanding of
data visualizations. Through collaborative analysis, students are exposed to multiple perspectives,
allowing for a more comprehensive interpretation of graphical information (Uluginar, 2023). This
learning supports students to build experiences through the application of science in everyday life
(Hestiana etal., 2020). This gives students the opportunity to gain deeper learning and concrete learning
experiences so that these skills can develop significantly (Graaff, 2003).

The Research, evaluation and use of scientific information for decision-making and action
indicator showed the lowest N-gain improvement compared to the other indicators. Even so, the
experimental class demonstrated a moderate improvement, while the control class showed a low level
of improvement (Table 6). This indicator requires students to find scientific explanations as evidence
for a statement or conclusion, choose alternative statements that are still related to the evidence,
provide reasons to oppose certain conclusions, and identify assumptions made in concluding (Thomson
etal, 2013). The results of the study conducted by Putri et al. (2025) revealed that students’ scientific
literacy in this competency falls within the proficiency category. Ulucinar (2023) reported that problem-
based learning had a significant impact on students' scientific competencies, related to proposing
evidence-based solutions and drawing logical conclusions, and decision-making. Another study by Ke et
al, (2021) found that the application of socio-scientific issues (SSI) could improve students’ critical
thinking, decision-making, and reasoning skills. In analyzing and evaluating the problem-solving
process, students are guided to engage in critical reflection on the investigative process they have
conducted (Asmara, et al., 2023). This activity includes evaluating the strategies used, the effectiveness
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of the solutions developed, and the relevance and accuracy of the scientific information gathered
(Schmidt, 1995). Students’ reflections at this stage demonstrate active engagement in higher-order
thinking, such as analyzing the validity of data, evaluating the appropriateness of methods, and
considering the implications of their decisions (Uluginar, 2023). Therefore, this stage significantly
contributes to enhancing students’ ability to critically evaluate and responsibly use scientific
information based on evidence. However, according to Nafiati (2021), research and evaluation skills are
included in the highest level of thinking in Anderson's Taxonomy, more complex than interpreting or
explaining skills. Evaluating requires in-depth understanding, assessment of the relevance and validity
of information, and critical thinking skills (Khikmah et al., 2024). As a result, this indicator showed the
smallest gain compared to the others, likely due to the greater cognitive demands it places on students.

In addition to analyzing the category of scientific literacy improvement, this study also evaluated
the level of significance of the improvement of students' scientific literacy after being treated. To find
out whether the improvement was statistically significant, an inferential statistical test was used.
However, before conducting the test, a normality test and a homogeneity test were first carried out and
showed in Table 7.

Table 7
Recapitulation of Statistical Analysis Results of Pretest and Posttest of Scientific Literacy Test
No Class Normality Test Homogeneity Test Mann-Whitney Test
Sig. Status Sig. Status Sig. Status
1 Pretest Experiment 0.145 Normal 0,964 Homogen 0,896 Not
Control 0.268 Normal Significant
2 Postest Experiment 0.005 Not Normal 0,022 Not Homogen 0,001 Significant

Control 0.005 Not Normal

The results of the normality test and the homogeneity test for the pretest in both the
experimental and control classes showed that the data of the two classes were normally distributed and
had homogeneous variances (Table 7). This shows that the initial abilities between the experimental
and control groups were not statistically different (equivalent) (Novia et al., 2025). In contrast, the
posttest data in both groups were found to be non-normally distributed and had non-homogeneous
variances (Table 7). This condition indicates that the intervention of Problem-Based Learning (PBL)
based on Socio-Scientific Issues (SSI) produced varying impacts across students. The difference in
students' engagement levels, prior knowledge, and particularly students’ learning styles likely
contributed to the widened distribution of scores (Davis et al, 2020). Students have different
preferences in how they process information; some learn better through visuals, others through hands-
on activities or discussion-based exploration (Fathurrohman, 2012). As a result, some students were
able to follow the PBL process more effectively, while others may have experienced difficulties in
understanding and solving complex problems. Therefore, future research is recommended to integrate
differentiated instruction into the implementation of the PBL-SSI model, so that all students, regardless
of their initial ability and learning preferences, can participate effectively in the learning process
(Sutrisno et al., 2023) and enhance their scientific competencies (Apriliandani et al., 2023), such as
identifying and analyzing problems, interpreting data, formulating evidence-based solutions, drawing
logical conclusions, and making informed decisions.

Based on Table 7, non-normal and non-homogeneous posttest data cause the inferential
statistical test used, namely non-parametric tests including the Mann-Whitney test and the Wilcoxon
test. The Wilcoxon Signed-Rank Test was conducted to see the differences in student learning outcomes
between the pretest and posttest in each group (Novia et al., 2025). The results of the Wilcoxon test
analysis are listed in Table 8.

Table 8
Wilcoxon Test Results
No Class Min Max Z Sig. Status
1  Experimental Class 35 95 -6.282 <0,001 Significant
2 Control Class 35 90 -6,516 <0,001 Significant
The results of the Mann-Whitney test indicate that there was no significant difference in
d
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students’ initial abilities between the experimental and control groups before the treatment (Table 7),
suggesting that both groups were in comparable conditions at the beginning of the study. However, after
the treatment was implemented, a significant difference was found between the two groups, indicating
the effectiveness of the intervention. Likewise, the Wilcoxon test showed that both the experimental and
control groups experienced a significant increase in learning outcomes (Table 8). In accordance with
research by Husniyyah et al. (2023) that there is a difference in the scientific literacy competency of
students in the experimental and control classes. Yani et al. (2022) also obtained similar results that
based on the independent sample t-test, the value obtained was 0.000 <0.05, which means that SSI-
based learning has a significant effect on the scientific literacy, especially in the competency aspect.
Another study, namely Lubis et al. (2022), found a significant difference in the results of the scientific
literacy of students in the control class and the experimental class. Previous research, namely
Sariningrum et al. (2018), showed that SSI-based learning provided a significant difference between the
pretest and posttest results in the experimental class. Savery etal., (2001) stated that in the PBL learning
process, students are encouraged to lead the investigation process, connect theory and practice, and
apply the knowledge and skills they have to formulate appropriate solutions to the socio-scientific
problems faced so that through these learning activities, students' scientific literacy competencies will
develop, especially in ecosystem material which has many issues spread in society. The PBL-SSI learning
helps students develop scientific behavior, make informed decisions related to socio-scientific
problems, enhance their capacity to evaluate information, and engage in discussions about
sociotechnical controversies relevant to their lives (Sadler et al, 2009). Scientific literacy also
contributes to the development of life skills, as it involves the application of scientific concepts when
individuals make decisions regarding situations or problems related to science (Sulistina et al., 2024).
Based on the findings of these three studies, it can be concluded that SSI-based learning has the potential
to enhance students’ scientific literacy.

3. Student Reflection

Student reflection is used to determine the impact or effectiveness of the learning that is applied,
seen from the student's perspective (student perception after the learning process). The recapitulation
of student reflection results based on the three indicators of the PISA 2025 scientific literacy is listed in
Table 9.

Table 9
Recapitulation of Student Reflection Results in Each Indicator
No Indicators Scientific literacy Percentage Category
1  Explain phenomena scientifically 76% Good
2 Construct and evaluate designs for scientific enquiry and interpret 72% Good
scientific data and evidencse critically
3 Research, evaluate and use scientific information for decision making 77% Good
and action

The analysis of students’ reflections indicated that they responded positively to the learning
process. In the Explain phenomena scientifically indicator, students reported a positive experience, with
an average response of 76% in the “Good” category. This suggests that students felt confident in
identifying and explaining natural phenomena scientifically, as well as in applying scientific knowledge
to solve real-life problems (Putri et al.,, 2025). For the Construct and evaluate designs for scientific
inquiry and interpret scientific data and evidence critically indicator, students also gave a positive
response, with an average of 72% categorized as “Good”. This indicates that students felt capable of
formulating scientific questions, designing solutions, evaluating outcomes, and drawing conclusions
based on scientific data (Ulucinar, 2023). Meanwhile, the Research, evaluation, and use of scientific
information for decision-making and action indicator received the highest positive response, with an
average of 77% in the “Good” category. This shows that students perceived themselves as being able to
utilize scientific information to support decision-making during the learning process (Khikmah et al.,
2024).

The results of student reflection showed a relatively lower response to the indicators of building
and evaluating scientific research designs and interpreting data and scientific evidence, compared to
the other two indicators. This finding is not entirely in line with the results of the N-Gain analysis, which
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showed that this indicator had the highest increase. This difference shows that although cognitively
students have increased their ability to compile research designs and interpret data, students have not
fully realized this achievement or felt confident in the process. The complexity of the scientific process
involved in this indicator, such as data analysis and research design, is considered quite challenging by
students, especially because of the limited experience of students in drawing conclusions from the data
presented and carrying out scientific activities directly. Research by Samosir et al,, (2024) shows that
many students feel and have difficulty understanding basic concepts such as tables, diagrams, and
graphs, which has an impact on critical thinking skills in processing and utilizing information.

CONCLUSION

The implementation of learning using the Problem-Based Learning model based on Socio-
Scientific Issues on ecosystem material was carried out very well, where all stages of learning, from the
introduction, core activities, to the closing, could be carried out consistently and optimally, especially at
the second meeting, which showed an increase in implementation. The effectiveness of this learning is
also reflected in the results of the students' scientific literacy test, which was analyzed through the
Wilcoxon and Mann-Whitney tests, showing a significant increase. Based on the N-gain results, the
increase is in the moderate category. In addition, the results of student reflections strengthen these
findings, where students respond positively to the learning experience. Overall, these findings indicate
that the application of the PBL-SSI model is effective in improving students' scientific literacy, including
understanding scientific phenomena, designing data-based solutions, and using scientific information
in decision making and action on ecosystem material. However, the scope of research using the
Problem-Based Learning model based on Socio-Scientific Issues was only carried out on ecosystem
material and in the context of one school with certain characteristics (small sample) so that the
generalization of the results is limited.
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