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Abstract 
 
Plastic waste is a difficult environmental problem to 
address, and school cafeterias, which often use 
single-use plastics, contribute to this problem. 
However, many schools have not yet implemented 
sustainable practices, and students are often limited 
to theoretical learning that rarely links scientific 
concepts to real-world environmental issues. 
Therefore, this study aims to examine the 
improvement in junior high school students’ 
integrative knowledge and sustainability actions 
through a STEM-ESD project on plastic waste. A 
non-equivalent pretest-posttest quasi-experimental 
design was used, involving 62 seventh-grade 
students from a junior high school in Cikarang, 
Indonesia. Data resulted that the experimental class 
achieved a moderate increase in integrative 
knowledge (N-Gain = 0.31), while the control class 
showed a low (N-Gain = 0.26). Both classes 
demonstrated low improvement in sustainability 
action (N-Gain of 0.11 and 0.10, respectively), with 
no significant difference between them. These 
findings suggest that while STEM-ESD projects 
effectively develop students’ ability to integrate 
scientific concepts with environmental issues, they 
are insufficient for driving significant behavioral 
change within a short timeframe.  
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INTRODUCTION 
 

Plastic waste has become one of the 
most pressing global environmental 
challenges. The world produces 415 million 
tons of plastic waste annually, with less than 
10% being recycled (Maitlo et al., 2022). The 
remainder pollutes both land and ecosystems, 
causing ecological degradation and socio-
economic consequences (Putra et al., 2024). 
This crisis threatens the achievement of 
multiple Sustainable Development Goals 
(SDGs): SDG 14 (Life Below Water), SDG 15 
(Life on Land), and SDG 11 (Sustainable Cities) 
(United Nations, 2015).  

In Indonesia, plastic waste remains 
unresolved. National waste generation in 2023 
reached approximately 56.63 million tons, with 
plastic waste ranking second after food waste 
(KLH-BPLH, 2025). Purwaningrum (2016) 
noted that waste accounts for 14% of 
Indonesia's total waste. In schools, canteen 
activities remain heavily dependent on 
disposable packaging (Heiges et al., 2022). 
Research by Dey et al. (2021) indicated that 
schools generated approximately 70% of 
plastic waste from disposable packaging, with 
canteen single-use plastic waste reaching up 
to 42.71% in some areas (Littaqwa et al., 2025). 
On a broader scale, plastic straw consumption 
in Indonesia is extremely high, reaching up to 
93,244,847 straws per day, placing the country 
fourth globally in terms of plastic straw waste 
production (Darmawan et al., 2022; Hermawan 
et al., 2021). Despite this, many schools lack 
comprehensive waste management policies. 
Schools should serve as strategic spaces for 
fostering sustainability practices (Bauer & 
Morlock, 2025). 

 Education for Sustainable 
Development (ESD) empowers learners to 
critically examine the root causes of 
sustainability and equip them with the 
competencies to take informed action 
(UNESCO, 2017). To address these challenges, 
ESD can be integrated with STEM (Science, 
Technology, Engineering, and Mathematics) 
learning (Muliakoswara et al., 2024). STEM 
education integrates fur disciplines within a 
problem-solving framework (Bybee, 2013; 
English, 2016). When integrated with ESD, 
STEM provides scientific solutions to address 

sustainability issues (Campbell & 
Speldewinde, 2022). Through STEM-ESD, 
students analyze problems scientifically and 
design solutions, developing integrative 
knowledge (Cardoso et al., 2025). 

Integrative knowledge refers to 
students’ ability to synthesize concepts from 
various disciplines to solve complex problems 
(Weng et al., 2022). In the plastic waste project, 
students connect science (polymer 
properties), technology (processing tools), 
engineering (design principles), and 
mathematics (calculation). This holistic 
understanding forms the cognitive foundation 
for innovative solutions (Aziza et al., 2024; 
Ivasyk & Voytovych, 2025).  Sustainability 
actions represent behavioral change and 
environmentally conscious decision-making 
(Hossain et al., 2025). According to the Theory 
of Planned Behavior (Ajzen, 1991), behavioral 
intentions are shaped by attitude, subjective 
norm, and perceived behavior control. 
Through direct, hands-on involvement in 
waste management, students develop positive 
attitudes and confidence (Indriani et al., 2025). 

Previous studies integrating STEM-
ESD focused on cognitive outcomes like 
critical thinking and sustainability awareness, 
not on sustainability actions (Annisa et al., 
2024). Research on plastic waste projects often 
focused on knowledge and skills partially 
(Linarti et al., 2025; Nagatomo, 2024; Parejo et 
al., 2021). Research simultaneously 
investigating both integrative knowledge and 
sustainability action remains scarce, 
particularly at junior high school level. This 
study bridges this gap by implementing a 
STEM-ESD project on plastic waste to improve 
both competencies simultaneously. This 
research addresses (1) How is the 
improvement of students’ integrative 
knowledge through a STEM-ESD project on 
plastic waste? (2) How is the improvement of 
students’ sustainability action through a 
STEM-ESD project on plastic waste? 
 

METHOD 
 

This study employed a quantitative 
research approach using a quasi-experimental 
design with a non-equivalent control group 
pretest-posttest format (Capili & Anastasi, 
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2024). Two intact classes were assigned to 
ether an experimental class (n = 31) or a 
control class (n = 31). The population in this 
study was seventh-grade junior high school 
students at one of the schools in Cikarang that 
implemented the Merdeka Curriculum. The 
sample comprised 62 students selected 
through convenience sampling. The study 
participants consisted of entire classes; 
therefore, random assignment was not 
possible. Both classes were taught by the same 
science teacher to minimize the teacher effect. 
The intervention took place over three 
sessions spanning approximately three weeks. 
Because the quasi-experimental design 
involved only one class per condition, class 
effects may be confounded with treatment 
effects; therefore, causal conclusions must be 
interpreted with caution. 

Two instruments were used: (1) 
Integrative knowledge written test open-
ended questions assessing: contextual 
saliency (3 items), knowledge connectedness 
(3 items), and deep conceptual understanding 
(3 items), with a total of 9 items. The scoring 
rubric adapted from Liu et al. (2022) and Ye et 
al. (2024) categorized performance into novice 
(0-33), intermediate (34-66), and expert-like 
(67-100). Content validity was established 
through expert evaluation conducted by 
science education lecturers. Construct validity 
was tested using Pearson’s correlation 
coefficient, and one item (Q7) was deemed 
invalid and therefore removed. Reliability was 
calculated using Cronbach’s alpha. (2) 
Sustainability action questionnaire modified 
from the Environmental Citizenship 
Questionnaire (ECQ) (Hadjichambis & 
Paraskeva-Hadjichambi, 2020), measuring 
past, present actions, future actions, and 
competencies, with a total of 20 items using a 
4-point Likert scale. The modified instrument 
was revalidated through expert review and 
pilot testing. Several items were deemed 
invalid and were removed. The reliability 
coefficient for the action indicators was 0.688, 
while that for the competency indicators was 
0.629, indicating acceptable internal 
consistency. 

The experimental class engaged in a six 
stages STEM-ESD project (Widodo, 2021): 
problem formulation, planning, creating, 

testing, redesigning, and communication. The 
project involved observing plastic waste in the 
school environment, designing solutions, 
creating products (eco-bricks, wall 
decorations from plastic straws, and plant pots 
from plastic cups), and socializing outcomes. 
The control class received discovery learning 
on environmental pollution, which included 
stimulation, problem statement, data 
collection, data processing, verification, and 
generalization. Both classes completed pre-
test and post-test for integrative knowledge 
and sustainability action.  

     Data were analyzed using SPSS. 
Normality was tested with Shapiro-Wilk, 
homogeneity with Levene’s test. Hypothesis 
testing used independent t-tests. Normalized 
gain was calculated in order to determine the 
extent of improvement from the pre-test to the 
post-test in each group using g = (Post-test 
score – Pre-test score) / (Maximum Score – 
Pre-test), categorized as high (g > 0.7), 
moderate (0.3 < g ≤ 0.7), low (g ≤ 0.3) (Coletta, 
2023). 
 

 
RESULT AND DISCUSSION 

 

The data on integrative knowledge was 
measured through three indicators: 
contextual saliency, knowledge 
connectedness, and deep understanding 
conceptual. Data were collected through pre-
test and post-test administered to both 
experimental and control classes before and 
after learning intervention.  

Before conducting parametric statistical 
analysis, preliminary tests were performed to 
ensure the validity of the data. The Shapiro-
Wilk normality test was used because each 
class had fewer than 50 participants, with a 
significance level of α = 0.05. Levene’s test was 
used to examine the homogeneity of variances 
between the two classes. The results are 
presented in Tables 1 and 2.  

Table 1. Normality test results on integrative 
knowledge 

Data Normality test 
Pre-test 
Experiment 

0.160 
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Pre-test Control 0.132 
Post-test 
Experiment 

0.112 

Post-test Control 0.226 

As presented in Table 1, all data showed 
significance values greater than 0.05, 
indicating the data for both classes at both pre-
test and post-test were normally distributed.  

Table 2. Homogeneity test results on 
integrative knowledge 

Data Homogeneity test 
Pre-test  0.519 
Post-test 0.637 

Based on Table 2, the significance values for 
both the pre-test and post-test were greater 
than 0.05, indicating that the two classes had 
homogeneous variances. These results 
confirm that the assumptions of normality and 
homogeneity are met, thus allowing the use of 
parametric tests. 

After the significance test was conducted, 
an independent samples t-test was performed 
to determine whether there was a significant 
difference in integrative knowledge between 
the experimental and control classes. The 
analysis was conducted on the pre-test and 
post-test data, with the results presented in 
Table 3. 

Table 3. Descriptive analysis test of integrative 
knowledge 

Data type Pre-test Post-test 
Class Experiment Control Experiment Control 

Mean  61.65 65.23 77.06 74.37 
Standard 
Deviation 

11.72 14.83 10.51 12.14 

Independent 
t-test 

0.296 0.355 

Based on Table 3, the pre-test analysis show 
no significant difference between the 
experimental class and the control class, with 
a p-value of 0.296. This indicates that both 
classes had equivalent prior knowledge before 
the learning intervention. After the 
intervention, the post-test results showed an 
increase in the mean scores for both classes. 
However, the t-test yielded a p-value of 0.355, 
indicating no statistically significant 

difference between the two classes after the 
intervention. 

This analysis measures the actual 
improvement achieved by students relative to 
the maximum possible improvement, thereby 
providing a more meaningful interpretation of 
learning gains (Coletta, 2023; Hake, 1998). The 
results are presented in Table 4. 

Table 4. N-Gain analysis of integrative 
knowledge 

Data N-Gain Category 
Experiment 0.31 Moderate 
Control 0.26 Low 

Based on Table 4, the experimental class 
achieved an N-Gain of 0.31, which falls into the 
moderate improvement category, while the 
control class achieved 0.26, which is 
categorized as a low. This indicates that 
although the STEM-ESD project yielded a 
slightly higher improvement compared to 
conventional instruction, the difference was 
not statistically significant. 

The distribution of students’ score levels, as 
presented in Figure 1. 

 

Figure 1. Students’ score levels of 
integrative knowledge 

Figure 1 illustrates the distribution of 
students’ integrative knowledge scores 
following the learning intervention, 
categorized into three performance levels: 
beginner (scores 0–33), intermediate (34–66), 
and expert (67–100) based on a rubric adapted 
from Liu et al. (2022). In the experimental class, 
28 students reached the expert level, 3 
students reached the intermediate level, and 
none were at the beginner level. In the control 
class, 24 students reached the expert level, 7 
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students reached the intermediate level, and 
none were at the beginner level. This 
distribution indicates that both learning 
approaches successfully led students to a 
higher level of understanding, with the 
experimental class showing a slightly higher 
proportion of students at the expert level. 

To examine these gains more specifically, 
Figure 2 presents students’ scores across each 
integrative knowledge indicators. 

 

 
Figure 2. Students' scores per integrative 

knowledge indicator 

Figure 2, shows that both learning 
approaches successfully took students from 
the beginner level to the intermediate level in 
terms of understanding, even though the 
STEM-ESD approach showed a slightly higher 
proportion of students reaching the expert 
level. To strengthen the study, the N-Gain for 
each of the integrative knowledge indicators 
listed in Table 5 was also calculated. 

Table 5. N-Gain analysis of integrative 
knowledge indicators 

Indicator Class 
N-
Gain 

Category 

Contextual 
Saliency 

Experiment 0.38 Moderate 
Control 0.25 Low 

Knowledge 
Connectedn
ess 

Experiment 0.18 Low 

Control 0.15 Low 

Deep 
Understandi
ng 
Conceptual 

Experiment -0.21 Decrease 

Control 0.41 Moderate 

 Based on Table 5, the analysis of students’ 
integrative knowledge across these three 
indicators, distinct patterns of improvement 
emerged between the experimental and 
control classes. The most notable finding was 
observed in the contextual relevance 

indicator, where the experimental class 
achieved a moderate N-Gain of 0.38, far 
surpassing the control class, which achieved 
only 0.25. This significant difference indicates 
that the STEM-ESD project is far more 
effective in helping students understand the 
relevance of their knowledge to real-world 
environmental issues. These findings align 
with research by Coutts et al. (2022), which 
found that sustainability concepts become 
contextually relevant when linked to students’ 
everyday experiences and contexts. Through 
STEM learning, students are encouraged to 
develop multidisciplinary skills and use 
technology to solve complex real-world 
problems (Zadorozhna et al., 2024). 

For the knowledge connectedness 
indicator, the experimental class achieved a 
low N-Gain value of 0.18, while the control 
class showed a negative N-Gain value of 0.15. 
Although both classes showed minimal 
improvement, the experimental class still 
performed better than the control class. The 
low N-Gain reflects the complexity of linking 
various concepts from different disciplines 
within a limited timeframe. In the STEM-ESD 
project, students were expected to connect 
scientific concepts regarding plastic materials 
and their properties, technological solutions 
for waste treatment, engineering design 
principles, and sustainability considerations 
including analysis, synthesis, and evaluation 
(Shejeena & Ismail, 2025). The time constraints 
of this project, which lasted only three 
sessions, may have limited students’ ability to 
fully develop these interdisciplinary 
connections. This finding aligns with research 
conducted by Hačatrjana and Namsone (2024), 
who found that developing integrated 
understanding requires careful 
implementation and sufficient time for 
students to cultivate interdisciplinary 
thinking. These developments, though 
limited, indicate that STEM-ESD projects can 
foster interdisciplinary thinking when 
students are given the opportunity to connect 
ideas across subject areas (Lestari et al., 2025). 
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In terms of deep conceptual 
understanding, the experimental class 
achieved a low N-Gain of -0.21, while the 
control class achieved N-Gain of 0.15. 
Interestingly, the control class showed a 
significantly higher N-Gain value compared to 
the experimental class. These findings suggest 
that the discovery learning approach may be 
more effective in fostering deep conceptual 
understanding than the STEM-ESD approach 
in the context of this study. The shift in 
students' understanding from macroscopic to 
microscopic levels indicates that hands-on 
engagement with plastic waste materials may 
facilitate deeper understanding of underlying 
mechanisms. As noted by Mulyaningrum et al. 
(2025), developing deep conceptual 
understanding requires sustained 
engagement and structured support, which 
may not have been fully achieved within the 
constraints of this study. The limited 
improvement also reflects that students 
required more time to master complex 
scientific concepts related to polymer 
chemistry and environmental science, 
particularly when they were simultaneously 
managing multiple project tasks (Yulianto et 
al., 2025). 

Students’ sustainability actions defined as 
the translation of environmental knowledge 
and values into concrete, responsible 
behaviors addressing sustainability challenges 
(Hossain et al., 2025). Sustainability action 
represents a critical dimension of education 
that extends beyond knowledge acquisition to 
encompass behavioral change and 
environmentally conscious decision-making 
(Sass et al., 2025).  

Normality test was conducted in the 
sustainability action indicator shown in Table 
6. All data showed significance values greater 
than 0.05, indicating normal distribution. 

Table 6. Normality test results on 
sustainability action 

Data Normality test 
Pre-test 
Experiment 

0.924 

Pre-test Control 0.199 

Post-test 
Experiment 

0.301 

Post-test Control 0.872 

Based on Table 7, the significance values for 
both the pre-test and post-test were greater 
than 0.05, indicating that the two classes had 
homogeneous variances. These results 
confirm that the assumptions of normality and 
homogeneity are met, thus allowing the use of 
parametric tests. 

Table 7. Homogeneity test results on 
sustainability action 

Data Homogeneity test 
Pre-test  0.873 
Post-test 0.287 

The independent t-test was measured after 
homogeneity test measured. Table 8 are 
shown.  

Table 8. Descriptive analysis test of 
sustainability action 

Data type Pre-test Post-test 
Class Experiment Control Experiment Control 
Mean  2.64 2.74 2.71 2.83 
Standard 
Deviation 

0.24 0.23 0.21 0.26 

Independent 
t-test 

0.116 0.272 

Based on the Table 8, the pre-test analysis 
showed no significant difference between the 
experimental class and the control class post-
test analysis also showed no significant 
difference. Both classes showed minimal 
improvement in sustainability actions. 

Table 9. N-Gain analysis of sustainability 
action 

Data N-Gain Category 
Experiment 0.11 Low 
Control 0.10 Low 

Based on Table 9, both classes achieved 
very low N-gain, indicating minimal 
improvement in sustainability actions 
regardless of treatment. 
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Figure 3. Students' scores per 

sustainability action indicator 
 

Both classes showed minimal 
improvements across all sustainability action 
indicators, with all changes falling into the low 
N-Gain category. The experimental class 
showed slight increase in past and present 
actions, while both classes showed slight 
increases in future actions and competences. 

The minimal increase in sustainable 
actions in both classes can be attributed to 
several key factors. One of these is that the 
relatively short duration of the project was 
insufficient to produce observable behavioral 
changes. As noted by Zhang and Cao (2025), 
education-mediated pro-environmental 
behavior does not occur directly but requires 
a deliberate approach to build attitudes and 
subjective norms among students. The Values-
Beliefs-Norms theoretical framework explains 
that sustainable actions emerge when 
personal values trigger awareness of 
consequences, leading to a sense of 
responsibility, which ultimately translates into 
intentions and behavior (Castillo et al., 2024). 
This process takes time and may not be fully 
realized in a short-term intervention. 

Measuring sustainability behaviors 
through questionnaires may not fully capture 
the complexity of behavioral change and is 
susceptible to social desirability bias, in which 
students may overestimate their 
environmentally friendly behaviors 
(Hadjichambis & Paraskeva-Hadjichambi, 
2020). Additionally, students in the 
experimental class were not yet accustomed to 
the STEM-ESD model, which is a new 
pedagogical approach. This unfamiliarity may 
lead to an adjustment period during which 
students need time to adapt to the new 
learning structure, which could potentially 
limit the effectiveness of the intervention in 

the short term (Fathurohman et al., 2023; 
Zarkasyi et al., 2024). Research by Rahal et al. 
(2026) found that sustained internalization of 
pro-environmental behaviors requires long-
term engagement, while Linder et al. (2022) 
noted that past actions are more influenced by 
long-term environmental socialization than by 
short-term interventions. 

The discovery learning approach used 
in the control class emphasized a 
transformative learning experience that 
connected knowledge to real-world contexts, 
which may have had a positive influence on 
the students’ sustainability-related actions 
(Zebua et al., 2025). The discovery-based 
learning approach encourages students to 
develop competencies and take action based 
on their understanding through systematic 
observation and active engagement with the 
learning material (Pratiwi et al., 2025).  
Students in the control class continued to 
learn within the discovery learning framework 
they were already familiar with, allowing them 
to focus their cognitive resources on 
mastering the material, which may explain 
why the control class showed a slightly higher 
improvement on some indicators. These 
findings suggest that STEM-ESD projects are 
not sufficient to drive significant behavioral 
change in the short term. Sustainable 
behavioral change requires longer-term 
interventions involving repeated practice, 
sustained engagement, and commitment 
mechanisms (Alonso-Paulí et al., 2025). 

 
 

CONCLUSION 

 

The STEM-ESD project on plastic 
waste showed a positive but not statistically 
significant increase in students’ integrative 
knowledge compared to discovery learning. 
The experimental class showed a moderate 
increase in contextual saliency, indicating 
that direct engagement with real-world 
problems may help students understand the 
relevance of knowledge. However, students’ 
unfamiliarity with the STEM-ESD model 
required an adaptation period that reduced 
its immediate impact. This project resulted in 
minimal improvements in sustainability 
practices in both classes, as the short project 
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duration was insufficient to bring about 
behavioral change, the questionnaire was 
prone to social desirability bias, and students 
needed more time to internalize sustainability 
values.  

This study contributes to the growing 
literature on the implementation of STEM-
ESD in Indonesian schools by demonstrating 
that such projects show potential in fostering 
interdisciplinary understanding but are 
insufficient to drive significant behavioral 
change in the short term. These findings 
underscore the critical need for sustained, 
long-term interventions involving repeated 
practice to achieve meaningful, lasting 
outcomes. 
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