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Abstract: Science process skills are crucial in biology education and benefit from
experiential, inquiry-based approaches. However, biology learning often remains abstract
and lacks subject-specific media. This study investigated the effectiveness of STEM-based
learning using biodegradable microgreen seed paper to enhance eleventh-grade students’
science process skills and learning responses in plant growth and development. Using a
one-group pretest—posttest design (n = 36), students engaged in scientific inquiry,
engineering-based design of seed paper, and technology-assisted observation. Science
process skills were assessed via essays, and student responses via a Guttman-scale
questionnaire. Data analysis with N-gain and the Wilcoxon test showed significant
improvement in science process skills (pretest mean = 63.19, posttest mean = 89.03, N-
gain = 0.71, Z = —5.248, p < 0.05) and very positive student responses (97%). These
findings suggest STEM-based microgreen seed paper learning effectively enhances
science process skills and engagement, supporting SDG 4 (Quality Education) and SDG
12 (Responsible Consumption and Production).
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INTRODUCTION

Biology learning requires science process skills (observing, hypothesizing,
identifying variables, analyzing data, and drawing conclusions) to build understanding
through direct interaction with natural phenomena (Hartati et al., 2022). Yet, teacher-
centered instruction limits hands-on inquiry, leading to passive learning and hindering
higher-order skills development aligned with SDG 4. Limited use of contextual,
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sustainable media also restricts understanding of responsible resource use, a key aspect of
SDG 12. Few classroom strategies effectively develop SPS while integrating sustainability
through concrete experiences (Simanjuntak, 2024).

The STEM approach, particularly project-based and experiential learning, has been
widely acknowledged as beneficial in promoting science process skills, scientific
reasoning, and higher-order thinking (Suryaningsih & Nisa, 2021; Darmaji et al., 2022;
Subamia, 2023). STEM learning promotes active participation in observation,
experimentation, and data analysis as fundamental components of scientific inquiry (Rosa
& Susantini, 2020). In practice, however, the engineering and technology components are
frequently limited by time, resources, and the availability of accessible learning media,
leading to their utilization as supplemental tools rather than core parts of inquiry-based
problem solving. While previous studies have shown that STEM-based e-modules, e-
questions, and Project-Based Learning can improve creativity, problem-solving ability,
critical thinking, and Higher Order Thinking Skills (Fernandu et al., 2022; Wulanningtyas
& Ratnasari, 2022; Kartikasari, 2022) there remains a need for STEM learning approaches
that are pedagogically effective, low-cost, and capable of meaningfully integrating science,
technology, engineering, and mathematics within biological learning contexts.

Although STEM-based learning is well-studied, research on low-cost, eco-friendly,
classroom-feasible media that develop both science process skills and sustainability is
limited. Education for Sustainable Development research shows that organic and recycled
materials can foster sustainability understanding (Havita et al., 2021), yet empirical studies
using seed paper as a STEM medium are scarce. Microgreen seed paper combines
biodegradable materials with rapid growth cycles, enabling continuous observation, data
analysis, graphing, and evidence-based conclusions, supporting SPS development and
SDG 12. Simple technologies like sensors further enhance engagement and skills
(Wulanningtyas et al., 2023), but studies integrating inquiry, engineering design, and
technology with seed paper remain limited, motivating this study.

This study is distinctive for using microgreen seed paper as an eco-friendly STEM
learning medium and for its pedagogical design that positions the medium as central to
scientific inquiry. Unlike previous studies relying on traditional labs, digital simulations,
or instructional kits (Li et al., 2022; Wahono et al., 2020), students engage in the
engineering design process, iteratively creating, testing, and refining the seed paper.
Technology supports environmental data collection, growth visualization, and evidence-
based reasoning. The short microgreen growth cycle allows repeated observation, data
interpretation, and variable analysis, while recycled materials embed sustainability
principles aligned with SDG 12, demonstrating that low-cost, environmentally responsible
media can provide a coherent and meaningful STEM framework.

Recent studies show that STEM and STEAM approaches enhance students’ science
process skills through inquiry and discovery-based learning. Ecosystem modules improve
observation and data analysis (Zulkarnain & Tanjung, 2023), while collaborative and
guided STEM experiments promote SPS (Firdaus et al., 2020). STEAM worksheets and
biology tools also support observation, data interpretation, and analytical thinking (Patresia
et al., 2020; Nuraini et al., 2025; Suraida et al., 2025), and discovery-oriented STEM

(IJETZ) | International Journal of Education and Teaching Zone. Volume 5, Issue 1, February 2026
168



STEM-Based Microgreen Learning Media to Enhance Senior High School... | Lidya Vriska Fatimah Azzahra et al.

fosters investigative skills (Arifin et al., 2025). However, prior studies often relied on
structured or short-term activities, limiting hands-on experimentation and sustainability
integration. To address this, the current study introduces microgreen seed paper as a low-
cost, tangible STEM medium for real-time biological observation and experiential inquiry,
providing a more contextualized and unified learning framework.

Based on the preceding discussion, a significant research gap is recognized,
specifically a lack of empirical classroom-based studies that use microgreen seed paper as
a low-cost, eco-friendly STEM learning medium to build students' scientific process
abilities within a restricted instructional timeframe. Therefore, this study intends to
examine the efficacy of STEM-based learning via microgreen seed paper media, as
evidenced by quantifiable enhancements in students' scientific process skills and learning
responses. This study specifically seeks to analyze the enhancement of students' scientific
process skills (observing, formulating hypotheses, identifying variables, analyzing data,
and drawing conclusions) following their engagement in STEM-based learning facilitated
by microgreen seed paper media, as well as to describe students’ responses to the
application of this pedagogical approach in biology education.

METHOD

This study employed a quantitative, one-group pretest-posttest design to examine
the effect of STEM-based learning using microgreen seed paper on students’ science
process skills, allowing comparison of skill levels before and after the intervention without
a control group (Creswell & Creswell, 2018). Conducted in class XI-9 at SMA Negeri 1
Krian, Sidoarjo (36 students) during the 2024/2025 even semester, the study focused on
plant growth and development. The intervention engaged students in STEM-based
activities, including learning early growth concepts, formulating research questions and
hypotheses, preparing the planting medium, observing germination, measuring growth
factors, and systematically collecting data.

Science

The scientific aspect is demonstrated through observations of
microgreen germination and identification of factors influencing growth.

Technology
The technology is reflected when tools such as blenders. molds,

and low-heat drying methods are used to produce seed paper.

Engineering

The engineering aspect is evident when students design planting

steps and adjust experimental conditions based on daily results.

Mathematics

Mathematics is involved through measuring the height of

seedlings, con ting growth tables and gr:

The integration of STEM in this learning aims to develop students’ science process skills

through experimental and project-based activities using microgreen seed paper media.

Figure 1. STEM Integration Scheme in the Learning Process

Figure 1. illustrates the STEM integration framework in the learning process. The
science component included observing germination, identifying growth variables, and
interpreting data; technology was used to collect environmental data using simple
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measuring tools and digital sensors; engineering was realized by designing and fabricating
microgreen seed paper; and mathematics supported quantitative measurement, data
tabulation, and graphical analysis. In this context, the STEM-Based Microgreen Learning
Media refers to a learning medium that integrates microgreen cultivation activities using
seed paper with sensor-supported observation and data analysis, enabling students to
directly engage in inquiry-based and interdisciplinary STEM practices. This integrated
framework led learning activities that aligned with certain science process skills, with
microgreen seed paper acting as the primary learning medium.

BN =

)

Figure 2. Production of Microgreen Seed Paper

The process of creating microgreen seed paper begins with combining recycled paper
and tissue, as illustrated in Figure 2, which represents the engineering component of STEM
education. Red and green amaranth seeds are evenly embedded throughout the paper to
allow rapid germination and visible growth. This procedure not only demonstrates hands-
on engineering design but also integrates sustainability concepts by reusing materials,
aligning with SDG 12 (Responsible Consumption and Production). Once the paper has
been prepared and the seeds embedded, it is transformed into a functional learning
medium, which can be observed and monitored in real time. This transition to a usable
biological observation tool can be seen in Figure 3.

Figure 3. STEM-based Microgreen Seed Paper Media

Figure 3 displays the finished STEM-based microgreen seed paper medium, now
equipped with humidity and light sensors, serving as the primary object for plant growth
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observation and data collection. The sensors provide gquantitative feedback that supports
evidence-based monitoring of the seeds’ development, linking biological inquiry with
technology in a STEM context. Using biodegradable and recycled materials further
reinforces sustainability while providing students with a tangible, interactive learning
experience consistent with SDG 4 (Quality Education).

Students actively engaged in observing phenomena, identifying variables,
collecting and analyzing data, creating graphs, and drawing evidence-based conclusions
through structured STEM-based project activities using microgreen seed paper. The
learning design emphasized iterative skill development rather than solely assessing
outcomes, including germination observation, quantitative plant height measurement, data
recording, graphing growth trends, and guided reflection. Science process skills were
measured using pretest and posttest essay instruments aligned with four indicators, while
student perceptions were collected via a 1-4 Likert scale questionnaire on their STEM-
based microgreen learning experience.

Science process skills were analyzed using students' pretest and posttest scores
from essay-type questions covering four indicators: hypothesis formulation, variable
identification, graph interpretation, and conclusion drawing.Student responses were
evaluated using indicator-based scoring criteria to ensure that test items and targeted
abilities were aligned.Individual scores were transformed into percentages by comparing
their achieved scores to the highest possible score. A minimum mastery level of 75 was
used, which corresponds to the usual minimum competency criterion typically used in
Indonesian secondary education settings.Class-level achievement was calculated as the
proportion of pupils who met or exceeded this benchmark in relation to the total number
of participants. To provide an overall descriptive interpretation of learning outcomes,
percentage results were classified using performance level categories adopted from
Sugiyono (2019): 0-40% ("very poor"), 41-59% ("poor"), 60-69% ("fair"), 70-85%
("good™), and 86-100% ("very good™). This category was used to explain the overall pattern
of students' science process skill attainment after the intervention, rather than to diagnose
individual skill mastery in detail.

This methodology aligns with research evaluating the advancement of students'
science competencies by systematic analysis of conceptual and procedural performance,
as articulated by Sinta & Agustina (2024). The application of structured rubrics is pertinent
to prior studies on assessing science process abilities in applied science education, as noted
by Hanum et al. (2024). Prior to performing the difference test, the data underwent
normality assessment via the Shapiro—Wilk test and homogeneity evaluation by the Levene
test. According to Wardani et al. (2025), these two tests are essential prerequisites prior to
the application of parametric tests in educational research. Should both assumptions be
satisfied, the analysis is conducted utilizing a paired sample t-test. If any of the assumptions
for parametric testing are violated, a nonparametric alternative is applied. In this study, the
Wilcoxon signed-rank test was used as a robust alternative to assess differences between
pretest and posttest scores, as it does not require the assumptions of normality or
homogeneity of variance. This approach ensures that the statistical analysis remains valid
and reliable even when the data distribution deviates from parametric requirements.
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The normalized gain (N-gain) index was employed to evaluate the effectiveness of
the STEM-based learning intervention using microgreen seed paper media in enhancing
students’ science process skills. N-gain provides a standardized measure of how much
students’ learning improved relative to the maximum possible improvement. It is
calculated by taking the difference between each student’s posttest and pretest scores and
dividing it by the difference between the maximum possible score and the pretest score,
following the formula proposed by Hake (1998). This approach focuses on quantifying the
extent of learning improvement achieved through the intervention rather than determining
causal relationships. N-gain values were categorized into three levels—high, medium, and
low—Dbased on established criteria, as shown in Table 1. High N-gain values indicate
significant improvement in students’ science process abilities, while medium and low
values reflect moderate and minimal gains, respectively. Using this method, the study
could objectively assess the impact of STEM-based microgreen seed paper on students’
abilities to formulate hypotheses, identify variables, interpret data, and draw conclusions.

Table 1. Criteria for Interpreting N-gain Values (Hake, 1998)

No Scale Category
1 0,70 < N-gain High

2 0,30 <N-gain < 0,70 Medium
3 N-gain < 0,30 Low

The responses of students to the installation of microgreen seed paper-assisted
STEM learning were examined to measure the level of acceptance of the learning
approach. Data were gathered using a Guttman scale questionnaire with dichotomous
responses ("Yes" = 1; "No" = 0), which was chosen to provide a clear and direct indicator
of students' impressions of their learning experience. The overall response score was
calculated as a percentage by comparing the acquired score to the maximum possible
score.The percentages were evaluated using response categories developed from Sugiyono
(2019), which were: 0-40% ("very poor"), 41-59% ("poor"), 60-69% ("fair"), 70-85%
("good™), and 86-100% ("very good"). This classification approach is often used in
educational research focused on the evaluation of learning media acceptability, and it was
chosen to provide a descriptive summary of students' reactions, in line with prior learning
media development studies (Tampubolon & Sipahutar, 2024).

RESULT AND DISCUSSION

The findings demonstrate that implementing STEM-based learning with
microgreen seed paper media significantly improved students' science process skills.
Overall, students' performance improved significantly between the pretest and the posttest,
demonstrating that the learning intervention effectively aided the development of core
scientific competencies. Students' science process skills were assessed using four
indicators: developing hypotheses, identifying variables, interpreting graphs, and drawing
conclusions. Figure 4 depicts the average pretest, posttest, and N-gain scores for each
indicator, demonstrating consistent progress in all measured parts of science process skills
following the STEM learning experiences.
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Figure 4. Average Pretest, Posttest, and N-gain Scores of Students for Each Question Indicator According
to Science Process Skills Indicators

Figure 4 shows the average pretest, posttest, and N-gain scores for four science
process skill indicators: Formulating Hypotheses, Identifying Variables, Interpreting
Graphs, and Drawing Conclusions from Data. Overall, posttest scores improved across all
indicators. The highest gain was observed in "Drawing Conclusions from Data™" (N-gain =
0.8), followed by "Formulating Hypotheses™ and "Interpreting Graphs" (N-gain = 0.7),
while "ldentifying Variables" showed the lowest improvement (N-gain = 0.5). These
results indicate that the intervention was particularly effective in enhancing students’
ability to draw conclusions, but less so in variable identification. Detailed pretest and
posttest scores are presented in Table 2.

Table 2. Students' Pretest and Posttest Scores
Pretest Posttest

Description N-Gain Category

Score Score
Average 63.19 89.03 0.71 High
Percentage of Achievement of 920¢
Science Process Skills 0
Interpretation of Achievement of Very Good

Science Process Skills

The calculated N-gain values confirm the intervention's effectiveness. As indicated
in Table 2, the average N-gain of 0.71 is in the high range, and the overall achievement
percentage of 92% is considered very good. These findings show that the majority of
students successfully attained the anticipated level of science process abilities after
engaging in STEM-based learning using microgreen seed paper media. Figure 4. illustrates
that the pretest and posttest findings indicate an enhancement in students' science process
skills across all metrics following the adoption of STEM education facilitated by
microgreen seed paper media. The mean student scores rose from 63.19 on the pretest to
89.03 on the posttest, yielding an N-gain value of 0.71, categorized as high (Table 2). This
rise indicates that STEM education, when integrated with contextual media, can promote
significant learning experiences grounded in real-world activities. The findings align with
the research conducted by Zulkarnain & Tanjung (2023), which indicated that contextual
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module-based STEM learning significantly enhances students' science process skills. This
is further supported by Firdaus et al. (2020), who asserted that the incorporation of
experimental activities in STEM education positively influences the advancement of
students' science skills.

The improvement in students’ science process skills observed in this study is
strongly aligned with international findings in STEM education research, particularly those
emphasizing the role of inquiry-based and integrated learning environments. Systematic
reviews of high-impact empirical studies highlight that STEM instruction which actively
involves learners in inquiry, experimentation, and analytical reasoning consistently
produces positive outcomes in students’ scientific competencies (Li et al., 2020, 2022).
These studies indicate that science process skills develop most effectively when students
are provided with opportunities to engage in authentic scientific practices rather than
relying on passive or teacher-centered instruction. Consequently, STEM learning
environments that emphasize investigation, data interpretation, and evidence-based
reasoning are widely recognized as essential for fostering higher-order scientific skills
across different educational contexts.

From a theoretical standpoint, integrated STEM education emphasizes that
meaningful learning occurs when students actively connect scientific concepts with real-
world applications through inquiry, problem solving, and data-driven decision-making
processes (English, 2016; Kelley & Knowles, 2016). The use of microgreen seed paper in
STEM-based learning in this work operationalizes these ideas not only via scientific
observation, but also through the incorporation of engineering and technological processes.
The engineering component is demonstrated in students' involvement in the design and
preparation of seed paper as a functional growing medium, which required careful
consideration of material qualities, seed dispersal, and environmental factors.
Simultaneously, The integration of humidity and light sensors adds a technological
dimension to the learning medium, enhancing the accuracy of data collection and enabling
evidence-based analysis of plant growth patterns. This feature allows students to monitor
environmental conditions in real time and supports precise interpretation of growth trends,
bridging hands-on experimentation with technology-driven observation in STEM-based
biology education.

Theoretically, this combination strengthens the inquiry cycle by connecting
experimental observation with iterative decision-making, which is a critical feature of
realistic STEM learning settings. Hands-on and inquiry-oriented STEM activities,
consistent with international findings, have been demonstrated to improve not only
conceptual knowledge but also students' cognitive engagement, epistemic curiosity, and
long-term enthusiasm in scientific inquiry (Stuppan et al., 2025). The contextual nature of
microgreen cultivation connects abstract biological concepts to observable phenomena,
facilitating the development of science process skills across diverse indicators, as reported
in STEM learning contexts at various educational levels (Ku et al., 2022; Larkin & Lowrie,
2023). Furthermore, when viewed through the lens of Education for Sustainable
Development, using recycled paper as a growth medium introduces students to principles
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of responsible resource use and environmentally conscious practices, aligning STEM
inquiry with broader educational goals related to SDG 12.

Figure 5. Documentation of STEM-Based Learning Activities Using Microgreen Seed Paper

Figure 5 illustrates the implementation of STEM-based learning using microgreen
seed paper, showing students actively engaged in hands-on tasks such as observing plant
growth, handling the seed paper, recording data, and participating in small-group
discussions. This visual evidence complements the quantitative results by demonstrating
active, inquiry-based learning, student engagement, teamwork, and direct interaction with
biological phenomena. The photographs also reflect the integration of STEM components:
science through plant observation and data collection, technology via simple measurement
tools, engineering through seed paper creation, and mathematics in measuring and
organizing data. While Figure 5 focuses on engagement and procedural implementation
rather than full interdisciplinary reasoning, it reinforces the authenticity and student-
centered nature of the learning activities documented in the study.

Normality testing was used to select the most appropriate inferential statistical
approach. The Shapiro-Wilk test, suited for small to intermediate sample sizes (n = 36),
revealed that both pretest and posttest scores deviated from a normal distribution (p < 0.05).
The results show that the assumption of normalcy was not met. Although Levene's test
revealed that the variances of pretest and posttest scores were homogeneous (Sig. = 0.132
> 0.05), variance homogeneity is not required for non-parametric analysis. As a result, a
Wilcoxon signed-rank test was used to compare differences in students' science process
skills before and after the intervention, as shown in Table 3 and Table 4.

Table 3. Results of the Wilcoxon Signed Ranks Test for Student Pretest-Posttest Scores
Wilcoxon Signhed Ranks Test

N Mean Rank Sum of Ranks
Postest - Pretest Negative Ranks 02 .00 .00
Positive Ranks 36° 18.50 666.00
Ties 0°¢
Total 36

a. Postest < Pretest; b. Postest > Pretest; c. Postest = Pretest

Table 3. presents the results of the Wilcoxon signed-rank test comparing students’
pretest and posttest scores. The analysis shows that all 36 students demonstrated positive
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ranks, meaning that every student achieved a higher score on the posttest compared to the
pretest. There were no negative ranks, indicating that no student’s posttest score was lower
than their pretest score, and no ties, meaning no student had identical pretest and posttest
scores. The mean rank of positive differences was 18.50, with a total sum of ranks of
666.00. These results indicate a consistent and statistically significant improvement in
students’ science process skills following the STEM-based learning intervention using
microgreen seed paper. The findings support the effectiveness of the intervention and align
with the outcomes reported by the N-gain analysis.

Table 4. Results of the Wilcoxon Statistical Test of Student Pretest-Posttest Scores
Test Statistics?

Postest - Pretest
z -5.248P
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test; b. Based on negative ranks.

The Wilcoxon signed-rank test (Z = —5.248, p < 0.001) revealed a statistically
significant improvement in students’ science process skills after participating in STEM-
based learning using microgreen seed paper media. All 36 paired observations showed
positive ranks, with no negative ranks or ties, indicating consistent gains across the sample.
These results provide empirical evidence that the intervention enhanced abilities such as
formulating hypotheses, identifying variables, interpreting data, and drawing conclusions,
supporting the effectiveness of activity-based, hands-on instructional approaches reported
in prior studies (Novallyan & Nehru, 2025; Nofriadi & Kurnia, 2024; Nuraini et al., 2025;
Tampubolon & Sipahutar, 2024). While the one-group pretest-posttest design
demonstrates learning progress, it does not establish causal effects, yet it aligns with
previous findings that contextual, Inquiry-based media has succeeded in developing
scientific abilities or skills.

A more extensive review of science process skill indicators showed that the
variable identification indicator had a lower N-gain than the other indicators. This finding
indicates that, while students made significant progress overall, identifying and
distinguishing experimental variables remains a difficult area of scientific investigation.
Previous research has found that variable determination necessitates higher-level analytical
reasoning and explicit scaffolding since it includes comprehending causal links within
experimental designs (Angelia et al., 2022). In the context of this study, the microgreen
seed paper activities focused mostly on observation, data collecting, and result
interpretation, which may have resulted in less structured chances for students to
manipulate and control factors.Nonetheless, the observed improvement suggests that
hands-on experimental engagement with microgreen media continues to positively
contribute to students' conceptual knowledge of variables, in line with findings from
experiment-based biology learning environments (Patresia et al., 2020). This finding
emphasizes the need for future STEM education designs to include more explicit
engineering-oriented assignments that require students to actively organize, change, and
evaluate experimental variables.
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The relatively lower improvement observed in the variable determination indicator
aligns with international research identifying variable identification and control as
complex cognitive skills that require explicit instructional support and repeated practice.
Studies conducted in inquiry-based STEM classrooms demonstrate that students often
experience difficulty distinguishing independent, dependent, and controlled variables,
even when they show improvement in other aspects of experimental performance (Heppt
et al., 2023; Jeskov & Luk, 2022). This challenge arises because variable identification
demands higher-level analytical thinking, including understanding causal relationships and
anticipating the effects of manipulating specific factors within an experimental design. As
a result, gains in this indicator tend to progress more gradually compared to skills such as
observation or data recording.

Consistent trends have been described in biology and laboratory-based STEM
learning environments, where students' understanding of experimental variables gradually
increases through persistent exposure to guided inquiry activities (Chengere et al., 2025;
Jehadan et al., 2020). The current study's relatively low increase in variable determination
could be attributed to the complexity of the integrated learning environment, in which
biological growth processes were regulated simultaneously by several interacting elements
contained inside the microgreen seed paper system. The combination of biological
observation, basic technological support, and tailored planting media may produce
overlapping variables that necessitate higher-level analytical distinction. Nonetheless, the
overall gain in science process skills implies that frequent and structured inquiry
experiences in such interdisciplinary contexts can enhance long-term skill development
(Dosymov et al., 2025; Wu et al., 2021). These findings show that, while integrated STEM
learning environments may initially test students' ability to isolate variables, they also
provide authentic conditions that mimic real scientific investigations, providing
meaningful opportunities for long-term development of advanced science process skills.

There were significant improvements in graph interpretation and conclusion
formulation indicators. Throughout the learning process, students collected microgreen
growth data and converted it into graphical representations, which required them to
recognize patterns, analyze growth trends, and generate evidence-based judgments. The
availability of recurrent, real-time growth data, aided by cheap technical instruments,
enabled students to delve further into data analysis methods than in traditional short-term
trials. These findings are congruent with those of Wahyuningtyas et al. (2025) and Andini
& Mahardika (2024), who argue that structured data processing and visual representation
improve analytical thinking. Furthermore, in the context of microgreen-based STEM
learning, conclusion formulation went beyond biological outcomes to address resource
efficiency and sustainable cultivation approaches.This agrees with Arifin et al. (2025),
who found that STEM learning based on observation and data analysis can successfully
improve science process abilities. Thus, combining data-driven inquiry with sustainable
learning media not only improved students' analytical skills, but also promoted a more
thorough scientific reasoning process applicable to real-world and sustainability situations.

In addition to the reported improvement in students' science process abilities, the
learning activities seen in this study have the potential to influence the development of
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higher-order thinking and self-directed learning. Although these constructs were not
directly measured, students' sustained participation in observation, systematic data
recording, group debate, and conclusion formulation exemplifies fundamental aspects of
collaborative inquiry learning. According to Irwanto (2023), research-oriented
collaborative inquiry environments promote learners to engage in reflective and
metacognitive processes as well as procedural scientific tasks.The current study suggests
that microgreen seed paper-assisted STEM learning can foster higher-order cognitive
engagement and learner autonomy, particularly through opportunities for reflection, peer
interaction, and iterative decision-making during experimental activities.

Furthermore, the outcomes of this study are congruent with broader STEM
education research in Asian contexts, which highlights the value of contextualized and
activity-based learning methods. Wahono et al. (2020) found that STEM implementation
based on real-world contexts improves students' scientific competencies, whereas Perdana
& Sujadi (2017) found that embedding science process skills within hands-on instructional
media can increase students' motivation and cognitive engagement. In comparison to past
investigations, the current study makes a contribution by demonstrating that microgreen
seed paper, which serves as both a biological medium and a learning setting focused on
sustainability, may effectively enhance the development of science process skills. Rather
than simply confirming previous findings, this study suggests that incorporating
environmentally relevant media into STEM learning may improve the contextual quality
of students' learning experiences, while also acknowledging the need for additional
research to empirically examine its impact on higher-order thinking and self-directed
learning outcomes.

Long-term educational research has shown that inquiry-based STEM learning is
linked to the development of self-regulated learning and students' future inclination toward
STEM areas. Wyk et al. (2025) and Lewalter et al. (2025) found that inquiry-based STEM
environments that include students in developing, monitoring, and evaluating learning
activities can increase learner autonomy and interest in future scientific careers. The
current study, however, did not directly examine such long-term consequences. As a result,
these findings should be considered as prospective pedagogical implications, implying that
microgreen seed paper-assisted STEM learning may produce learning environments
conducive to self-regulated learning and future STEM engagement, rather than empirically
validated impacts. This distinction is critical for ensuring that the study's methodological
scope is consistent with its conceptual claims.

In addition to quantitative increases in science process abilities, the effectiveness
of microgreen seed paper-assisted STEM learning was evaluated using students' responses
to the learning process. A 15-item questionnaire was administered at the end of the learning
intervention, and students' perceptions were measured using the Guttman scale to capture
unequivocal affirmative or negative responses to essential features of the learning
experience. This measure was created to assess students' acceptance, engagement, and
perceived usefulness of STEM activities, which will supplement the objective learning
goals. While post-intervention comments may be influenced by response bias, the statistics
confirm students' positive perceptions of the learning model. Table 5 displays the complete
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results of students' replies, which are addressed as extra indicators that contextualize the
observed advances in science process abilities rather than standalone assessments of
learning efficacy.

Table 5. Percentage Results of Student Response Questionnaire

Response Rate

No Statement
(%)
The use of microgreen seed paper is new and interesting for students. 97
2 STEM learning with microgreen seed paper media makes learning activities 100

more enjoyable.

3 Learning activities are assessed in accordance with growth and development 97

materials.
4 Students are more motivated to learn because they use microgreen seed paper. 97
5 The microgreen practicum helps students understand plant growth better. 100
6 Students feel more skilled at analyzing microgreen observation data. 97
7 Learning helps students develop science process skills, such as connecting data 100

and drawing conclusions.
8 The use of tools or sensors helps students understand technology and biology. 97
9 Project activities encourage more active and collaborative group work. 97
10 Students feel well guided when carrying out STEM project activities using 100
microgreen seed paper.
11 Students became better able to answer questions that required scientific 97
process skills after participating in the learning activities.
12 The learning process makes students more concerned about environmental 94
issues such as paper recycling and sustainability.
13 Students feel more confident when presenting the results of their microgreen 83
projects.
14 The microgreen project helps studentsl_(f:onnect biological concepts to everyday 100
ife.
15 In general, students rated STEM learning using microgreen seed paper as 100
effective and beneficial.

Average Percentage Score 97

The findings from the student response questionnaire in “Table 5” indicate that
microgreen seed paper-assisted STEM learning garnered an exceptionally favorable
reaction, achieving an average percentage of 97%. The majority of students indicated that
the medium utilized was engaging, fun, and enhanced their comprehension of the subject
regarding plant growth and development. The strong affirmative answer suggests that
environment-based learning media can enhance student interest and participation in the
educational process. The findings align with the research conducted by Adelia & Wandini
(2023) and Zendrato et al. (2024), which asserts that context-based learning media
enhances learning motivation by offering experiences relevant to students' daily life.

The novelty of the learning media appeared to play an early influence in influencing
students' favorable reactions to the learning activities. The introduction of microgreen seed
paper, which was unknown to students and had not previously been used in biology
education, helped to capture their attention and increase their willingness to participate in
the early stages of the exercise. However, this positive response should not be construed
as proof of long-term educational impact. Because student responses were measured on a
binary Guttman scale, the statistics mostly represent students' surface-level acceptance and
interest, rather than nuanced perceptions of multidisciplinary STEM integration or
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sustainability-oriented instruction. In this setting, novelty serves as a supportive condition
for engagement rather than a predictor of learning effectiveness. This interpretation is
consistent with Suraida et al. (2025) and Hanum et al. (2024), who emphasize that
innovative and activity-based biology media can increase student interest and involvement,
but that such engagement must be accompanied by structured inquiry and instructional
depth in order to contribute meaningfully to science process skill development.

The students' positive response was also apparent in the relevance of the learning
activities to the subject matter being examined. The majority of students believed that the
activities of planting and monitoring the growth of microgreens aligned with the content
on plant growth and development. This indicates that the integration of the material's
content with the learning activities was seamless. The findings align with the research
conducted by Zulkarnain & Tanjung (2023), which indicated that STEM education tailored
to the material's characteristics enhances students' conceptual comprehension and
engagement. This is further supported by Firdaus et al. (2020), who asserted that the
alignment of activities with the material is crucial for the efficacy of STEM-based learning.

From the aspect of learning motivation, most students stated that the use of
microgreen seed paper media makes them more motivated to participate in learning.
Activities such as planting, observing, and recording plant growth provide an active and
non-monotonous learning experience. This shows that activity-based learning can
encourage students' intrinsic motivation. These findings are in line with the results of
research by Nofriadi & Kurnia (2024), which states that activity-based science learning
can increase student motivation and participation, and is reinforced by Lestari et al. (2023),
who asserts that STEM learning can create a more challenging and interesting learning
atmosphere for students.

Students reported that microgreen practicum activities enhanced their
understanding of biological concepts by linking theory to observable growth processes,
consistent with Nuraini et al. (2025) and Patresia et al. (2020). While STEM and
sustainability were embedded, responses mainly reflected conceptual comprehension
rather than broader transdisciplinary or value-oriented learning. Collaborative aspects were
also positively perceived, with students engaging in group tasks and discussions,
supporting social interaction during STEM-based activities, as noted by Andriani &
Trisnowati (2025) and Novallyan & Nehru (2025); however, these data reflect short-term
perceived engagement rather than long-term skill development. Although overall
responses were positive, students’ confidence in presenting project findings was lower
(83%), indicating that scientific communication skills were not fully developed, aligning
with Syafutri & Soeharto (2019) and Rukmana et al. (2024) on the need for explicit
instructional support. STEM learning with microgreen seed paper was well-received,
promoting engagement, teamwork, and hands-on experiences, while fostering awareness
of sustainability, consistent with Suraida et al. (2025) and Zulkarnain & Tanjung (2023).

Beyond improvements in science process skills, this study contributes to the
broader international discourse on sustainability-oriented STEM education by
demonstrating the pedagogical feasibility of integrating environmental contexts into
inquiry-based biology learning. Recent studies emphasize the necessity of incorporating

(IJETZ) | International Journal of Education and Teaching Zone. Volume 5, Issue 1, February 2026
180



STEM-Based Microgreen Learning Media to Enhance Senior High School... | Lidya Vriska Fatimah Azzahra et al.

sustainability concepts and authentic real-world contexts into STEM training to help
learners prepare to face global challenges (Vermehren, 2025; Wang et al., 2025). In this
study, the use of microgreen seed paper places scientific inquiry in an environmentally
relevant setting, allowing students to interact with biological concepts through activities
that are intimately related to sustainable practices. Although environmental attitudes and
values were not directly examined, the learning design demonstrates how sustainability-
oriented resources can be effectively integrated into STEM instruction to supplement the
development of scientific skills.

In contrast to many STEM learning approaches that rely on digital simulations,
laboratory-intensive equipment, or advanced technological infrastructure (Megawati,
2024; Yesnazar et al., 2024), the results of this study demonstrate that eco-friendly and
low-cost instructional media, such as microgreen seed paper, effectively support inquiry-
based learning and the development of science process skills. The use of recycled paper as
a planting medium offers a practical and sustainable STEM learning approach that can be
implemented in resource-limited educational settings without compromising learning
quality. These findings contribute to SDG 4 (Quality Education) through skill-oriented
science learning and support SDG 12 (Responsible Consumption and Production) by
promoting environmentally responsible learning media.

CONCLUSION
This study found that STEM-based learning using microgreen seed paper media

leads to a significant improvement in senior high school students' science process skills in
plant growth and development issues. Integrating hands-on biological inquiry with
contextual learning media can effectively develop key science process skills such as
hypothesis formulation, variable identification, data interpretation, and conclusion
drawing, as evidenced by a high N-gain value (0.71) and a significant Wilcoxon test result
(p < 0.05). The students’ overwhelmingly positive replies suggest that the learning
activities were seen as interesting and relevant. Despite the constraints of a single-group
research design, these findings provide empirical support for microgreen seed paper's
educational potential as a context-rich medium for STEM-oriented biology education.

Beyond its classroom performance, this study provides a proof of concept for the use
of eco-friendly and low-cost learning media in STEM education with a focus on
sustainability. The incorporation of plant culture operations using recycled seed paper
demonstrates how scientific research can be placed in real-world and environmentally
relevant contexts without relying on resource-intensive laboratory infrastructure.
Nonetheless, this study is constrained by its scope, research design, and dependence on
short-term cognition and reaction data. Future study should use comparative or mixed-
method designs, investigate the specific contributions of technology and engineering
components within the STEM framework, and directly measure outcomes such as
scientific communication skills and environmental awareness. Such studies are required to
more fully validate the role of microgreen seed paper-assisted STEM learning as an
inclusive and sustainable approach to science education.
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