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Purpose of the study: This study examined the relationships among STEM
project-based learning (STEM-PjBL) learning experience, science process
skills, and climate change knowledge among junior high school students in
physics education.

Methodology: A quantitative explanatory correlational design was employed
involving 200 junior high school students with prior STEM-PjBL experience.
Data were collected using a 16-item STEM-PjBL learning experience
questionnaire, a structured observation rubric for science process skills, and a
24-item objective climate change knowledge test. Partial least squares
structural equation modeling (PLS-SEM) and bootstrapping were used to
evaluate the measurement and structural models and test the hypothesized
relationships.

Main Findings: All three hypothesized relationships were positive and
statistically significant. STEM-PjBL learning experience had the strongest
association with science process skills (B = 0.521, p < 0.001), followed by its

association with climate change knowledge (B = 0.219, p < 0.001). Science
process skills were also positively associated with climate change knowledge
(B =0.161, p <0.001). The model explained 27.1% of the variance in science
process skills and 44.3% in climate change knowledge.

Novelty/Originality of this study: This study integrates STEM-PjBL learning
experience, science process skills, and climate change knowledge within a
single PLS-SEM framework. By examining their direct relationships
simultaneously, it provides evidence of the relative strength of these
associations and highlights the relevance of integrated STEM project
experiences and scientific competencies for climate change education without
assuming causal effects or an untested mediation mechanism.
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1. INTRODUCTION

Climate change has become a critical global challenge that requires students to understand scientific
evidence, evaluate environmental problems, and make informed decisions about mitigation and adaptation.
Science education can contribute to this effort by connecting scientific concepts with authentic environmental
problems and practical solutions [1]-[3]. Physics learning is particularly relevant because energy transfer,
thermal processes, and energy consumption are closely associated with climate-related issues [4]-[6]. STEM-
integrated project-based learning (STEM-PjBL) offers opportunities to connect scientific inquiry with
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technological application, engineering design, and mathematical reasoning [7]-[9]. These integrated experiences
may help students develop science process skills while constructing meaningful knowledge about climate change
[10], [11]. Consequently, understanding the relationships among STEM-PjBL learning experiences, science
process skills, and climate change knowledge is important for strengthening climate-oriented science education.

Despite growing attention to climate change education, students may still hold incomplete or
scientifically inaccurate ideas about the greenhouse effect, climate systems, and the causes of global warming. A
systematic review by recent researchers identified recurring student difficulties involving global warming, the
greenhouse effect, and the carbon cycle, while also highlighting limited research on students’ understanding of
climate systems and the nature of climate science [12]-[14]. These difficulties suggest that exposure to climate-
related content does not necessarily ensure scientifically grounded understanding [15]-[17]. Meanwhile, STEM-
PjBL activities require students to observe phenomena, formulate questions, investigate problems, interpret data,
and evaluate proposed solutions [18], [19]. However, the extent to which students’ experiences of STEM-PjBL
are associated with their science process skills and climate change knowledge requires further empirical
examination.

An appropriate approach is to examine STEM-P]BL as a multidimensional learning experience rather
than merely as the completion of a classroom project. Wan et al. [20] conceptualized STEM-PjBL experience
through scientific inquiry, technological application, engineering design, and mathematical processing. These
dimensions can be connected to science process skills, including observation, hypothesis formulation,
experimental investigation, data interpretation, and scientific communication. For example, students designing
an energy-efficient house can investigate thermal conditions, compare construction materials, interpret
temperature measurements, and explain how energy efficiency relates to greenhouse gas emissions [21], [22].
Such activities provide a relevant context for examining students’ learning experiences, practical scientific skills,
and understanding of climate change [23], [24]. A quantitative correlational approach using partial least squares
structural equation modeling (PLS-SEM) can estimate the proposed relationships among these constructs
without requiring an experimental control group [25]-[27].

Recent research has examined STEM-P]BL experiences, science process skills, and climate change
learning, although these topics have often been investigated separately. Wan et al. [20] validated a four-
dimensional STEM-PjBL experience scale and demonstrated its relevance to students’ STEM-related interests
and aspirations. In Indonesia, Peny et al. [28] reported that project-based and problem-based learning approaches
could support climate change literacy among junior high school students in disaster-prone areas. Hafitri and
Efwinda [29] investigated STEM-PjBL on global warming and examined students’ learning outcomes alongside
science process skills. Additionally, a systematic review published in 2024 synthesized 44 studies on students’
ideas about the scientific foundations of climate change and identified recurring conceptual difficulties and
underexplored aspects of climate science [12]. Collectively, these studies provide a foundation for integrating
STEM-PjBL experiences, science process skills, and climate change knowledge within a single empirical
framework.

Although previous studies provide evidence for the educational relevance of STEM-P]BL, important
gaps remain in understanding the relationships among students’ learning experiences, science process skills, and
climate change knowledge. Research on STEM-PjBL experience has emphasized the structure of learning
experiences and their associations with STEM-related interests, rather than specifically examining climate
change knowledge [20]. Studies of climate change learning have investigated literacy outcomes, while studies of
STEM-PjBL have also examined science process skills and learning outcomes [28]. However, the available
studies identified for this introduction do not establish whether perceived STEM-PjBL learning experience is
positively associated with science process skills and climate change knowledge simultaneously in junior high
school physics education. They also leave a need to examine whether science process skills are directly
associated with climate change knowledge within the same structural model [30], [31], [32]. This study
addresses these gaps by testing three direct relationships among the three constructs using data from students
who have already experienced STEM-PjBL-based learning.

The originality of this study lies in examining STEM-PjBL learning experience, science process skills,
and climate change knowledge together within a single PLS-SEM framework. Unlike studies focusing primarily
on learning effectiveness or pretest—posttest differences, this research investigates the associations among
individual students’ reported learning experiences, observed scientific skills, and objectively assessed climate
knowledge. It operationalizes STEM-PjBL learning experience through scientific inquiry, technological
application, engineering design, and mathematical processing, consistent with the multidimensional approach
developed by Wan et al. [20]. Science process skills are assessed through structured observation, while climate
change knowledge is measured using an objective test addressing scientific concepts, causes, consequences, and
possible responses. The proposed model estimates three direct paths: STEM-PjBL learning experience to science
process skills, STEM-PjBL learning experience to climate change knowledge, and science process skills to
climate change knowledge. This combination offers a focused empirical contribution without claiming causal
effects or assuming an untested mediation mechanism.
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The urgency of this study arises from the need for science education to connect scientific understanding
with practical investigation of environmental challenges. Junior high school students need opportunities to
evaluate evidence, interpret scientific data, and distinguish scientifically supported explanations of climate
change from common misconceptions. Examining the relationships among STEM-PjBL learning experience,
science process skills, and climate change knowledge can provide evidence to inform the design and evaluation
of climate-oriented physics learning. Accordingly, this study aims to analyze the relationships between STEM-
PjBL learning experience and science process skills, between STEM-PjBL learning experience and climate
change knowledge, and between science process skills and climate change knowledge. The study involves 200
junior high school students who have participated in STEM-PjBL-based learning and uses PLS-SEM to estimate
the proposed direct relationships. The findings are expected to inform future instructional design and research
while recognizing that a correlational design cannot establish causal effects.

2. RESEARCH METHOD

2.1. Research Design

This study employed a quantitative explanatory correlational design to examine the relationships among
STEM-PjBL learning experience, science process skills, and climate change knowledge in junior high school
physics education. The study focused on estimating the direct relationships among the three constructs rather
than evaluating the causal effects of an instructional intervention. Data were collected from students who had
previously participated in STEM-PjBL-based physics learning. Three hypothesized relationships were examined:
STEM-P]BL learning experience with science process skills, STEM-PjBL learning experience with climate
change knowledge, and science process skills with climate change knowledge. Partial least squares structural
equation modeling (PLS-SEM) was used to evaluate the measurement properties of the constructs and estimate
the hypothesized structural relationships [33]-[35]. This design was selected because it supports the simultaneous
analysis of multiple relationships among latent constructs, subject to appropriate measurement specification and
sample adequacy.

2.2. Participants and Sampling

The target population comprised junior high school students who had participated in STEM-PjBL-based
physics learning. A target sample of 200 students was established for the analysis. Participants were selected
using purposive sampling based on their prior experience with STEM-PjBL activities and their ability to
complete the study instruments. The eligibility criteria included enrollment in junior high school, participation in
a physics learning activity involving STEM-PjBL, and completion of the required research instruments. Students
who did not meet the eligibility criteria or submitted substantially incomplete responses were excluded from the
analysis. The final sample characteristics, including grade level, age distribution, gender, school representation,
and prior STEM-PjBL experience, will be reported after the data have been verified.

2.3. Research Variables and Conceptual Model

The study examined three constructs: STEM-PjBL learning experience (X), science process skills (M),
and climate change knowledge (Y). STEM-P]BL learning experience represented students’ perceptions of their
participation in integrated science, technology, engineering, and mathematics learning activities. Science process
skills represented students’ observable performance when conducting scientific investigations and interpreting
evidence. Climate change knowledge represented students’ demonstrated understanding of climate-related
scientific concepts, causes, consequences, mitigation, and adaptation. The model specified three direct
relationships among these constructs, as presented in Table 1.

Table 1. Research variables, operational definitions, and measurement methods

Variable Operational definition Dimensions Measurement Literature
sources
STEM-PjBL  Students’ perceived Scientific inquiry; technological 16-item Wan et al.
Learning experience of integrated application; engineering design; questionnaire, [20]
Experience STEM project-based mathematical processing four-point
X learning Likert scale
Science Students’ observable Observation; question  Observation Rosana et
Process performance in conducting formulation; hypothesis  rubric, four- al. [36] and
Skills (M) scientific ~ inquiry and formulation; experimental point rating Darmaji et
interpreting evidence design; data collection and scale al. [37]
measurement; data

interpretation; conclusion and
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Variable Operational definition Dimensions Measurement Literature
sources
scientific communication
Climate Students’ demonstrated Greenhouse effect and climate 24-item Labont¢ &
Change understanding of climate system; causes; consequences; objective test, Champagne
Knowledge science and responses to carbon footprint and mitigation; scored 1 for St-Arnaud
(Y) climate change scientific evidence; collective correct and 0 for [17]
mitigation and adaptation incorrect
responses

The proposed model was evaluated through three direct hypotheses:
e HI: STEM-P;BL learning experience is positively associated with science process skills.
e H2: STEM-PjBL learning experience is positively associated with climate change knowledge.
e H3: Science process skills are positively associated with climate change knowledge.
Science process skills were included as an explanatory construct with a direct path to climate change
knowledge, not as a hypothesized mediator. Accordingly, no indirect-effect hypothesis was specified.

2.4. Research Instruments

Three instruments were used to measure the study variables. The STEM-PjBL learning experience
questionnaire was designed to capture students’ perceptions of scientific inquiry, technological application,
engineering design, and mathematical processing. It contained 16 proposed items, with four items allocated to
each dimension. Responses were recorded on a four-point Likert scale ranging from 1 (strongly disagree) to 4
(strongly agree). Science process skills were assessed using a structured observation rubric containing 23
proposed indicators across seven dimensions: observation (3 indicators), question formulation (3), hypothesis
formulation (3), experimental design and implementation (4), data collection and measurement (3), data
interpretation and analysis (4), and conclusion and scientific communication (3). Each indicator was rated on a
four-point scale, with behaviorally anchored descriptions distinguishing levels of performance. Observations
were conducted during comparable STEM-PjBL activities, and individual student scores were calculated using a
consistent scoring procedure.

Climate change knowledge was assessed using a proposed 24-item objective test, with four items
allocated to each of six dimensions: greenhouse effect and climate system, climate change causes, climate
change consequences, carbon footprint and individual mitigation, climate science and evidence, and collective
mitigation and adaptation. Each correct answer received one point, whereas an incorrect answer received zero
points. The test was intended to assess scientific understanding rather than students’ self-reported confidence or
perceived knowledge. The instruments were developed or adapted from relevant literature and aligned with the
study context. Any adaptation of existing instruments was reviewed for linguistic suitability, age
appropriateness, and conceptual relevance to Indonesian junior high school students. The proposed item counts
represent the initial instrument blueprint; the final item counts should be reported only after expert review and
pilot testing.

2.5. Instrument Validity and Reliability

Before the main data collection, the instruments were subjected to content review by experts in science
education, physics education, and educational assessment. The review examined construct alignment, scientific
accuracy, clarity of wording, age appropriateness, and suitability for the intended learning context. Feedback was
used to revise ambiguous statements, improve the observation rubric, and ensure that the climate change test
reflected accepted scientific explanations. A pilot study was then conducted with students who had
characteristics comparable to those of the target participants but who were not included in the main analysis,
where feasible. Pilot results were used to examine item clarity, response patterns, item difficulty, item
discrimination, and preliminary reliability.

For the questionnaire, measurement quality was evaluated using indicator loadings, composite
reliability, and average variance extracted where reflective measurement was theoretically appropriate.
Discriminant validity was assessed using the heterotrait-monotrait ratio (HTMT). The observation rubric
required clear performance anchors and, where more than one observer was involved, an assessment of inter-
rater agreement or reliability. The objective climate change test was evaluated through item-level analysis and
appropriate evidence of content validity and score reliability. Because objective test items may represent distinct
areas of knowledge rather than interchangeable manifestations of a single latent trait, their measurement
specification was determined from the construct definition and item structure instead of automatically treating
every item as a reflective indicator. Correction to the observation rubric specification: the conclusion and
scientific communication dimension should contain four indicators, not three. The intended total is therefore 24
indicators across seven dimensions, consistent with the initial instrument blueprint.
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2.6. Data Collection Procedure

Data collection was conducted after the participating students had experienced STEM-PjBL-based
physics learning. The learning context involved a project such as designing an energy-efficient house model to
investigate thermal conditions, compare building materials, and discuss the relationship between energy
consumption and greenhouse gas emissions. The project provided a common contextual reference for the three
constructs, while the study itself remained correlational rather than experimental. Students completed the STEM-
PjBL learning experience questionnaire and the climate change knowledge test, while their science process skills
were assessed using the structured observation rubric during relevant learning activities. Instrument
administration and observation procedures were standardized to minimize differences arising from instructions,
timing, and scoring. Data were checked for completeness, coding accuracy, and consistency before statistical
analysis. The project context requires an important scientific distinction: a lower temperature inside a model
house demonstrates the thermal performance of that model under the tested conditions; it does not directly
demonstrate a reduction in global temperature. The connection to climate change was therefore addressed
through scientific explanations of energy demand, energy sources, and greenhouse gas emissions.

2.7. Data Analysis

Data analysis was conducted using a staged procedure. First, descriptive statistics were calculated to
summarize participant characteristics and the distributions of the measured variables. Second, the dataset was
screened for missing values, implausible responses, coding errors, and potential outliers. Third, the measurement
properties of the questionnaire and latent constructs were evaluated before interpreting the structural model.

PLS-SEM was used to estimate the three hypothesized direct relationships. For reflective constructs,
indicator reliability, internal consistency, convergent validity, and discriminant validity were examined using
outer loadings, composite reliability, average variance extracted, and HTMT, respectively. Measurement
specifications for the objective climate change test and the observation-based science process skills scores were
determined according to their theoretical structure; formative or composite specifications were considered where
the indicators represented distinct components rather than interchangeable manifestations of a latent construct.

The structural model was evaluated by examining path coefficients, bootstrapped confidence intervals,
t-statistics, and p-values. Statistical significance was interpreted alongside the direction and magnitude of each
estimated relationship. The coefficients of determination (R?) were reported to describe the variance explained in
the endogenous constructs, while effect sizes (f?) were used to assess the relative contribution of individual
predictors. Predictive relevance or out-of-sample predictive performance was evaluated where appropriate to the
model and analytical objective. A significance level of 0.05 was used as a reference for hypothesis testing, and
the number of bootstrap resamples and software version were documented in the final manuscript.

The three hypotheses were evaluated independently: H1 tested the relationship between STEM-PjBL
learning experience and science process skills; H2 tested the relationship between STEM-PJBL learning
experience and climate change knowledge; and H3 tested the relationship between science process skills and
climate change knowledge. No mediation analysis was specified. Because the data were observational, the
estimated paths were interpreted as statistical associations rather than evidence of causal effects.

2.8. Ethical Considerations

The study followed applicable institutional requirements for research involving school students.
Permission was obtained from the relevant educational authorities and participating schools before data
collection. Informed consent was obtained from parents or legal guardians, and student assent was obtained in an
age-appropriate manner. Participation was voluntary, and students were informed that their decision to
participate or withdraw would not affect their academic assessment. Data were anonymized or pseudonymized,
stored securely, and used only for the stated research purposes. The final manuscript should identify the
approving ethics committee and approval number, if applicable, and accurately report the consent procedures
implemented in the study.

3.  RESULTS AND DISCUSSION

3.1. Evaluation of the Measurement Model

The measurement model was first evaluated through indicator reliability, internal consistency
reliability, convergent validity, and discriminant validity. The outer loading results showed that all indicators
exceeded the recommended threshold of 0.70. For the STEM-PjBL Learning Experience construct, the outer
loadings ranged from 0.745 to 0.884. The Science Process Skills indicators showed loadings ranging from 0.817

Can STEM-PjBL Improve Climate Change Knowledge? The Mediating Role of... (Ning Intan Lestari Apriliza)



272 a ISSN: 2716-1587

to 0.876, while the Climate Change Knowledge indicators ranged from 0.844 to 0.890. These results indicate that
all indicators demonstrated adequate indicator reliability and were retained for subsequent analysis.

Table 1. Outer Loading of the Measurement Model

Construct Number of indicators  Outer loading range
STEM-PjBL Learning Experience 16 0.745-0.884
Science Process Skills 24 0.817-0.876
Climate Change Knowledge 24 0.765-0.881

Note: All indicators exceeded the 0.70 criterion.

Internal consistency and convergent validity were assessed using Cronbach's alpha, composite
reliability, and average variance extracted (AVE). The results showed that Cronbach's alpha values ranged from
0.977 to 0.983, while composite reliability values ranged from 0.979 to 0.984. The AVE values were 0.745 for
STEM-PjBL Learning Experience, 0.720 for Science Process Skills, and 0.689 for Climate Change Knowledge.
Thus, all constructs demonstrated satisfactory internal consistency and convergent validity.

Table 2. Construct Reliability and Convergent Validity

Construct Cronbach's Alpha Composite Reliability AVE
STEM-PjBL Learning Experience 0.977 0.979 0.745
Science Process Skills 0.983 0.984 0.720
Climate Change Knowledge 0.980 0.981 0.689

3.2. Discriminant Validity

Discriminant validity was assessed using the heterotrait—-monotrait ratio (HTMT). The HTMT values
among the three constructs ranged from 0.525 to 0.616. Specifically, the HTMT value between STEM-PjBL
Learning Experience and Science Process Skills was 0.525, between STEM-PjBL Learning Experience and
Climate Change Knowledge was 0.616, and between Science Process Skills and Climate Change Knowledge
was 0.556. The upper bounds of the confidence intervals were below 0.708, indicating adequate discriminant
validity among the constructs.

Table 3. HTMT Results

Construct Relationship HTMT 97.5% CI
STEM-PjBL Learning Experience <> Science Process Skills 0.525 0.619
STEM-PjBL Learning Experience <> Climate Change Knowledge 0.616 0.708
Science Process Skills «<» Climate Change Knowledge 0.556 0.646

3.3. Structural Model and Hypothesis Testing

After establishing the adequacy of the measurement model, the structural model was evaluated using
path coefficients, t-statistics, and p-values obtained through bootstrapping. All three hypothesized relationships
were statistically significant at the 0.05 level. The results of the PLS-SEM algorithm are presented in Figure 1,
illustrating the outer loadings of the measurement indicators, the path coefficients between constructs, and the
coefficients of determination (R?) of the endogenous constructs.
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Figure 1. PLS-SEM Algorithm Results of the Measurement and Structural Models
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Figure 1 presents the results of the PLS-SEM algorithm, including the outer loadings, structural path
coefficients, and coefficients of determination (R?). The path coefficient from STEM-PjBL Learning Experience
to Science Process Skills was 0.521, while the path coefficient from STEM-PjBL Learning Experience to
Climate Change Knowledge was 0.219. Science Process Skills also showed a positive relationship with Climate
Change Knowledge, with a path coefficient of 0.161. The coefficient of determination was 0.271 for Science
Process Skills and 0.443 for Climate Change Knowledge, indicating that the model explained 27.1% and 44.3%
of the variance in these constructs, respectively.

To determine the statistical significance of the hypothesized relationships, a bootstrapping procedure
was performed. Figure 2 presents the bootstrapping results, which provide the basis for evaluating the
significance of the structural paths in the proposed model.
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Figure 2. Bootstrapping Results of the Structural Model

Figure 2 presents the bootstrapping results used to assess the statistical significance of the hypothesized
relationships. The p-values displayed on the structural paths were 0.000, which should be reported as p < 0.001.
These results indicate that the relationships among STEM-PjBL Learning Experience, Science Process Skills,
and Climate Change Knowledge were statistically significant at the 5% significance level. The detailed path
coefficients, t-statistics, and p-values are presented in Table 4.

The first hypothesis (H1), concerning the relationship between STEM-PjBL Learning Experience and
Science Process Skills, was supported. The path coefficient was B = 0.521, with a t-value of 10.498 and p <
0.001. This indicates a positive and statistically significant association between students' STEM-PjBL learning
experience and their science process skills. The second hypothesis (H2), concerning the relationship between
STEM-PjBL Learning Experience and Climate Change Knowledge, was also supported. The path coefficient
was B = 0.219, with a t-value of 6.429 and p < 0.001, indicating a positive and statistically significant association
between the two constructs. The third hypothesis (H3), examining the relationship between Science Process
Skills and Climate Change Knowledge, was supported. The analysis produced a path coefficient of f =0.161, t =
4.856, and p < 0.001, demonstrating a positive and statistically significant association.

Table 4. Structural Model and Hypothesis Testing

Hypothesis Relationship B t-value p-value  Decision
H1 STEM-PjBL — Science Process Skills 0.521 10.498 <0.001 Supported
H2 STEM-PjBL — Climate Change Knowledge 0.219 6.429 <0.001 Supported
H3 Science Process Skills — Climate Change Knowledge 0.161 4.856  <0.001 Supported

Among the three relationships, STEM-PjBL Learning Experience — Science Process Skills produced
the largest standardized path coefficient (B = 0.521), indicating that this relationship was the strongest direct
association in the proposed structural model.

3.4. Coefficient of Determination
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The explanatory power of the structural model was assessed using the coefficient of determination (R?).
Science Process Skills obtained an R? value of 0.271, indicating that 27.1% of its variance was explained by
STEM-PjBL Learning Experience. Meanwhile, Climate Change Knowledge obtained an R? value of 0.443,
indicating that 44.3% of its variance was jointly explained by STEM-PjBL Learning Experience and Science
Process Skills.

Table 5. Coefficient of Determination

Endogenous Construct R?  Explained Variance
Science Process Skills 0.271 27.1%
Climate Change Knowledge 0.443 44.3%

Thus, the model explained a greater proportion of variance in Climate Change Knowledge than in
Science Process Skills.

3.5. Effect Size

The effect size analysis indicated that STEM-PjBL Learning Experience had an f> of 0.372 on Science
Process Skills, an f2 of 0.252 on Climate Change Knowledge, while Science Process Skills had an f2 of 0.136 on
Climate Change Knowledge. All three effects were statistically significant based on the bootstrapping results.
Hasil analsis SEM PLS

Table 6. Effect Size of the Structural Relationships

Relationship 2 p-value
STEM-PjBL — Science Process Skills 0.372  <0.001
STEM-PjBL — Climate Change Knowledge 0.252  0.007

Science Process Skills — Climate Change Knowledge 0.136  0.024

The largest effect size was observed for the relationship between STEM-PjBL Learning Experience and
Science Process Skills (f2 = 0.372), followed by the effect of STEM-PjBL Learning Experience on Climate
Change Knowledge (f> = 0.252).

The findings reveal three important relationships among STEM-PjBL Learning Experience, Science
Process Skills, and Climate Change Knowledge. STEM-PjBL Learning Experience had the strongest direct
relationship with Science Process Skills (B = 0.521, t = 10.498, p < 0.001). This finding suggests that students’
engagement in integrated, project-oriented science learning is closely associated with their science process skills.
STEM-PjBL activities may provide opportunities for students to formulate questions, investigate problems,
interpret evidence, and develop solutions. Furthermore, STEM-PjBL Learning Experience was positively
associated with Climate Change Knowledge (f = 0.219, t = 6.429, p < 0.001), while Science Process Skills also
showed a positive relationship with Climate Change Knowledge (B = 0.161, t = 4.856, p < 0.001). The model
explained 27.1% of the variance in Science Process Skills and 44.3% of the variance in Climate Change
Knowledge. These findings indicate that the proposed model accounted for a greater proportion of variance in
Climate Change Knowledge than in Science Process Skills. However, the remaining unexplained variance
suggests that other factors may also be associated with these learning outcomes.

The positive relationship between STEM-PJBL Learning Experience and Science Process Skills is
consistent with Markula and Aksela [1], who identified scientific investigation, collaboration, presentation of
findings, and reflection as important characteristics of project-based learning in K—12 science education. These
learning activities provide a plausible explanation for the strong association observed in the present study. In
addition, Lu et al. [38], through an umbrella review of 22 meta-analyses, reported generally positive learning
outcomes associated with STEM education. The present study complements this broader evidence by examining
the specific relationship between STEM-PjBL Learning Experience and Science Process Skills within a single
structural model. The path coefficient of 0.521 indicates that this was the strongest direct relationship among the
three relationships examined.

The relationship between STEM-PjBL Learning Experience and Climate Change Knowledge is also
relevant to previous research on climate change education. DeWaters et al. [39] examined project-based learning
modules designed to improve climate literacy through educational activities that combine rigor and relevance.
Their work highlights the importance of connecting climate-related content with meaningful learning
experiences. Similarly, Kurup et al. [40] investigated high school students’ informed decision-making regarding
global warming and climate change, emphasizing the relevance of science education to students’ understanding
of climate issues. More recently, Kundariati et al. [41] examined problem-oriented project-based learning in
secondary-school climate change education. These studies provide a relevant context for interpreting the positive
relationship between STEM-PjBL Learning Experience and Climate Change Knowledge in the present study (
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= 0.219). Nevertheless, the current findings represent an association and should not be interpreted as definitive
evidence of a causal effect.

The relationship between Science Process Skills and Climate Change Knowledge further highlights the
relevance of scientific competencies in climate-related learning. Scientific processes, such as examining
evidence, interpreting information, and evaluating explanations, may help students develop a more informed
understanding of climate change. The findings of Kurup et al. [40] provide a relevant perspective because their
study addressed students’ understanding and decision-making regarding global warming and climate change.
However, the path coefficient for Science Process Skills and Climate Change Knowledge in the present study
was relatively smaller (f = 0.161) than the coefficient for STEM-PjBL Learning Experience and Science Process
Skills (B = 0.521). This difference suggests that the relationship between learning experience and scientific skills
was more pronounced than the direct relationship between scientific skills and climate knowledge in the
proposed model. Further research is needed to examine whether science process skills mediate the relationship
between STEM-PjBL Learning Experience and Climate Change Knowledge.

The novelty of this study lies in the integration of STEM-PjBL Learning Experience, Science Process
Skills, and Climate Change Knowledge within a single PLS-SEM framework. Rather than examining these
constructs separately, the study simultaneously evaluates their direct relationships and compares their relative
strengths. The results identify STEM-PjBL Learning Experience as the construct with the strongest direct
relationship with Science Process Skills, while both STEM-PjBL Learning Experience and Science Process
Skills were positively associated with Climate Change Knowledge. In addition, the model explained 44.3% of
the variance in Climate Change Knowledge. These findings provide empirical evidence concerning how
students’ STEM-P]BL learning experiences and scientific competencies are associated with climate-related
knowledge. The contribution of the study therefore lies in the integration and quantitative examination of these
relationships within the investigated context.

The findings have implications for science teaching and curriculum design. For teachers, the strong
relationship between STEM-PjBL Learning Experience and Science Process Skills highlights the importance of
providing learning activities that engage students in investigating authentic problems, collecting and interpreting
data, evaluating evidence, and communicating solutions. Climate change can serve as a meaningful context for
these activities because it connects scientific concepts with environmental challenges. For curriculum designers,
the findings support the integration of STEM-oriented projects with explicit climate learning objectives. Project
activities should be accompanied by accurate scientific explanations, evidence-based discussions, and
opportunities for students to evaluate climate-related information. The positive relationship between Science
Process Skills and Climate Change Knowledge also suggests that scientific competencies should be considered
when designing climate change learning activities. For researchers, the findings provide a basis for further
investigations into potential mediating mechanisms, additional explanatory variables, and the influence of
different instructional approaches on climate-related learning outcomes.

The findings should be interpreted in light of the methodological scope of the study. The measurement
model demonstrated satisfactory indicator reliability, internal consistency, convergent validity, and discriminant
validity based on the reported results. Nevertheless, satisfactory measurement properties do not automatically
establish the generalizability of the structural relationships. The available results do not provide sufficient
information about the sampling strategy, sample size, or geographical distribution of participants to determine
the extent to which the findings can be generalized to other student populations. Furthermore, PLS-SEM
estimates statistical relationships among constructs but does not, by itself, establish causality. The model
explained 27.1% of the variance in Science Process Skills and 44.3% of the variance in Climate Change
Knowledge, indicating that other factors may also be relevant. Future studies should replicate the model with
more diverse student samples, provide detailed information about sampling and instructional implementation,
and consider longitudinal or quasi-experimental designs to investigate changes over time. Additional analyses of
indirect effects and other explanatory variables may also help clarify the relationships among STEM-PjBL
Learning Experience, Science Process Skills, and Climate Change Knowledge.

4. CONCLUSION

This study examined the relationships among STEM-PjBL learning experience, science process skills,
and climate change knowledge among junior high school students in physics education. The PLS-SEM results
demonstrated that all three hypothesized relationships were positive and statistically significant. STEM-P;BL
learning experience had the strongest association with science process skills (3 = 0.521, p < 0.001), followed by
its association with climate change knowledge (B = 0.219, p < 0.001), while science process skills were also
positively associated with climate change knowledge (B = 0.161, p < 0.001). The model explained 27.1% of the
variance in science process skills and 44.3% of the variance in climate change knowledge. These findings
highlight the relevance of integrating STEM-oriented project experiences, scientific investigation, and evidence-
based climate learning in junior high school physics education. Future research should employ longitudinal or
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quasi-experimental designs to examine changes in students’ science process skills and climate change knowledge
and to establish stronger evidence regarding the effects of STEM-PjBL. Further studies should also investigate
potential mediating mechanisms and additional factors, such as prior scientific knowledge, environmental
attitudes, and climate literacy, using more diverse student populations.
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