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Abstract: This study aims to analyze the effectiveness of integrating Project-Based Learning
(PjBL) with Science, Technology, Engineering, and Mathematics (STEM) and virtual
laboratories in enhancing 21st-century scientific literacy among junior high school students.
A quasi-experimental design employing a one-group pretest-posttest model was used,
involving 25 seventh-grade students from SMP Negeri 11 Yogyakarta. Data were collected
using a scientific literacy test encompassing three dimensions: explaining phenomena
scientifically, interpreting data and scientific evidence, and evaluating and using scientific
information. The results revealed a significant difference between pretest and posttest
scores (p < 0.05), with a normalized gain score of 0.62 categorized as medium. The greatest
improvement occurred in the dimension of explaining phenomena scientifically (0.83),
followed by interpreting data and scientific evidence (0.67), and evaluating and using
scientific information (0.58). The integration of PjBL-STEM with virtual laboratories enhanced
students’ conceptual understanding and scientific reasoning, while providing initial support
for the development of inquiry-related skills through interactive and contextual learning
experiences. These findings indicate that the integrative PjBL-STEM model supported by
virtual laboratory simulations is effective in promoting 21st-century scientific literacy and
provides empirical evidence for science learning innovation in the context of Indonesian
secondary education.
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1. Introduction

The advancement of science and technology in the 21st century demands a
transformation in education, particularly in science learning. Students are not only
expected to master scientific concepts but also to develop critical thinking, creativity,
collaboration, and communication skills collectively known as 21st-century skills
(Haviz et al., 2018; Mulyani et al., 2023). In this context, scientific literacy becomes an
essential competence that enables students to understand natural phenomena,
apply scientific knowledge to solve problems, and make evidence-based decisions
(Roy et al., 2025; Saputra et al., 2024).

However, various international assessments indicate that Indonesian students’
scientific literacy remains relatively low. The 2018 Programme for International
Student Assessment (PISA) results revealed that Indonesia’s average science literacy
score was below the OECD average (OECD, 2019). This suggests that science learning
in schools has not yet fully fostered scientific thinking and the application of science
in real-life contexts. Learning processes tend to emphasize rote memorization of
concepts rather than inquiry, exploration, and contextual problem-solving
experiences (Aswari et al., 2024; Ridani & Arianingrum, 2024).

One of the relevant approaches to fostering 21st-century scientific literacy is
Project-Based Learning (PjBL). This model places students at the center of the
learning process through project activities that require knowledge application,
collaboration, and problem-solving (Hindun et al., 2024; Hudha et al., 2023; Rediani,
2024). The STEM (Science, Technology, Engineering, and Mathematics) approach
complements this model by emphasizing interdisciplinary integration so that
students can understand the connections between science and its real-world
applications (Hudha et al., 2023; Le et al., 2023; Li et al., 2020). The integration of PjBL
and STEM can enhance higher-order thinking skills, creativity, and scientific
communication abilities (Siew & Ambo, 2018; Sun et al., 2022).

Nevertheless, the implementation of PjBL-STEM in schools often faces
challenges such as limited laboratory facilities, practice materials, and instructional
time (Pamungkas et al., 2025; Sarsale et al., 2024). Consequently, students have fewer
opportunities to engage in hands-on experiments and scientific exploration. To
address these limitations, the use of virtual laboratories has emerged as an effective
alternative. Virtual laboratories enable students to conduct science experiments
through interactive digital simulations that replicate real laboratory experiences
(Gnesdilow, 2025; Jamah et al., 2022; Shambare & Simuja, 2022). Such media can
enhance conceptual understanding, scientific process skills, and learning motivation
(Al-nakhle, 2022; Fitriah & Zawanis, 2024; Natsir et al., 2025).

The integration of PjBL-STEM and virtual laboratories is expected to create
innovative, contextual, and meaningful science learning. Through project-based
problem-solving linked with digital experiments, students not only deepen their
understanding of scientific concepts but also strengthen their critical thinking,
problem-solving, and technological exploration skills. Consequently, this strategy has
the potential to improve 21st-century scientific literacy, encompassing scientific
knowledge, scientific competencies, and awareness of the role of science in everyday
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life (Rahmadani et al., 2023; Utomo et al., 2025). However, empirical studies that
specifically examine the integration of PjBL-STEM and virtual laboratories in the
context of junior high school science learning in Indonesia remain limited. Therefore,
this study aims to analyze the effectiveness of implementing a PjBL-STEM learning
model assisted by virtual laboratories as an integrative pedagogical framework,
rather than as a stand-alone instructional intervention, in enhancing students’ 21st-
century scientific literacy.

Based on this objective, the hypotheses of the study are formulated as follows:
H1: There is a statistically significant difference between students’ pretest and
posttest scores in 21st-century scientific literacy after learning through the integrative
PjBL-STEM and virtual laboratory model.

H2: The integrative PjBL-STEM and virtual laboratory learning model significantly
improves each dimension of students’ scientific literacy, including explaining
scientific phenomena, interpreting data and scientific evidence, and investigating,
evaluating, and using scientific information.

2. Method

This study employed a quasi-experimental design using a one-group pretest-
posttest model to evaluate the effectiveness of integrating Project-Based Learning
(PjBL) with STEM and virtual laboratories in enhancing students’ 21st-century
scientific literacy. This design enabled the researchers to measure changes in
students’ scientific literacy before and after the implementation of the learning
intervention. The overall design of the study is presented in Table 1.

Table 1. One-Group Pretest—Posttest Research Design

Group Pretest Treatment Posttest
Experimental O, X 0,
Notes:
O, = Pretest

X = PjBL-STEM learning with virtual laboratory
O, = Posttest

The study was conducted at SMP Negeri 11 Yogyakarta in the 2025/2026
academic year. The research sample consisted of 31 seventh-grade students selected
purposively based on their readiness to participate in project- and technology-based
learning. Prior to analysis, data completeness was verified. Six students who did not
complete either the pretest or posttest were excluded using listwise deletion.
Consequently, 25 complete and valid paired datasets were analyzed.

The research instrument consisted of a multiple-choice scientific literacy test
validated by experts. The test was developed based on three dimensions of scientific
literacy: scientific knowledge, scientific competence, and awareness of the role of
science in daily life. Each indicator was measured within real-life contexts relevant to
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the topics of Heat, Temperature, and Expansion. The same test was administered for
both pretest and posttest, maintaining equivalent item difficulty and structure.

The learning process was implemented through the PjBL-STEM model
integrated with virtual laboratory activities. The learning sequence included problem
identification, project planning, exploration and experimentation through virtual
simulations, and finally, product development and project presentation. Through
these activities, students were expected to integrate conceptual understanding with
scientific inquiry skills and connect science concepts with real-world phenomena.

Data from the pretest and posttest were analyzed both descriptively and
inferentially. Descriptive statistics mean, standard deviation, minimum, and
maximum were used to describe the distribution of students’ scientific literacy
scores. The improvement in scientific literacy was calculated using normalized gain
(N-Gain), following Hake (1998), as shown in the following equation

_ Spost - Spre
%= 700 - Spre

The obtained N-Gain values were then categorized into three levels of
improvement, as shown in Table 2.

Table 2. N-Gain Interpretation Categories

N-Gain Range Category
g<0.30 Low

0.30<g<0.70 Medium
g 2 0.70 High

Normality of data distribution was tested using the Shapiro-Wilk test. Since
the data were normally distributed (p > 0.05), a paired-sample t-test was employed
to determine the significance of differences between pretest and posttest scores.
The effect size was calculated using Cohen’s d, interpreted as small (d = 0.2), medium
(d=0.5),orlarge (d=0.8). All data analyses were performed using IBM SPSS Statistics
26.

This analytical approach was not only used to examine the effectiveness of PjBL-
STEM integrated with virtual laboratories but also to map the improvement profiles
of students’ 21st-century scientific literacy across three key dimensions: scientific
knowledge, scientific competence, and awareness of the role of science in everyday
life.

3. Result and Discussion
Result

This study aimed to analyze the effectiveness of implementing STEM-based
Project-Based Learning (PjBL) integrated with virtual laboratories in enhancing junior

49 Online ISSN 2655-2450 | Print ISSN 2655-2388



G
‘/ I]} ‘S EDu IJIS Edu : Indonesian J. Integr. Sci. Education, Vol 8 (1) 2026 page 46-58

DS XN, O [NIECRAED SCIEACE ST

high school students’ 21st-century scientific literacy. The analysis was conducted
using pretest and posttest data grouped into three dimensions of scientific literacy:
(1) explaining phenomena scientifically, (2) interpreting data and scientific evidence,
and (3) investigating, evaluating, and using scientific information. To obtain
comprehensive results, the data analysis consisted of several stages, including
normality testing, pretest-posttest comparison, normalized gain (N-Gain) analysis,
and examination of learning outcomes for each literacy dimension.

Normality Test
Normality testing was performed using the Shapiro-Wilk test to determine
whether the pretest and posttest data were normally distributed. The results are
presented in Table 3.
Table 3. Shapiro-Wilk Normality Test Results
Variable Statistic df Sig. Description
Pretest Scientific Literacy  0.914 25 0.038 Notnormal
Posttest Scientific Literacy 0.973 25 0.723 Normal

Based on the results, the pretest data showed a significance value of 0.038 (<
0.05), indicating a non-normal distribution, while the posttest data were normally
distributed (p = 0.723 > 0.05). Since one of the datasets did not meet the normality
assumption, the Wilcoxon Signed Rank Test was used to analyze the differences
between pretest and posttest scores.

Comparison of Pretest and Posttest Scores
The Wilcoxon test was employed to determine whether a significant
difference existed between students’ pretest and posttest scores afterimplementing
the PjBL-STEM model assisted by virtual laboratories. The results are shown in Table
4.
Table 4. Wilcoxon Signed Rank Test Results

Description N Mean Rank Sum of Ranks
Negative Ranks 0 0.00 0.00
Positive Ranks 25 13.00 325.00
Ties 0 = =
yA -4.383

Asymp. Sig. (2-tailed) 0.000

The Wilcoxon test results indicate that all students experienced an increase in
their posttest scores (positive ranks = 25, negative ranks = 0), with Z = -4.383 and
Asymp. Sig. (2-tailed) = 0.000 (< 0.05). These findings confirm a statistically significant
difference between pretest and posttest scores. Moreover, the calculated effect size
(r=0.88; equivalent to Cohen’s d = 0.94) indicates a large practical effect.
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N-Gain Analysis of Scientific Literacy
Following the confirmation of a significant difference, normalized gain (N-
Gain) was calculated to measure the magnitude of improvement in students’
scientific literacy.
Table 5. Mean Scores and N-Gain of Scientific Literacy
Variable Mean Pretest Mean Posttest Mean N-Gain Category
Scientific Literacy 55.20 82.40 0.62 Medium

The mean N-Gain value of 0.62 falls within the medium category according
Hake (1998) classification, indicating a substantial improvement in students’ scientific
literacy after the implementation of PjBL-STEM integrated with virtual laboratories.

Scientific Literacy Achievement by Dimension

To provide a more detailed description of student achievement, posttest
results were analyzed according to the three dimensions of scientific literacy.

Table 6. Average Posttest Scores by Scientific Literacy Dimension

Scientific Literacy Dimension Mean Skor Category
Explaining phenomena scientifically 0.83 High
Interpreting data and scientific evidence 0.67 Medium
Investigating, evaluating, and using scientific information 0.58 Medium
Overall scientific literacy 0.70 High

As shown in Table 6, the overall mean scientific literacy score reached 0.70
(high category), indicating that the PjBL-STEM learning model assisted by virtual
laboratories effectively enhanced students’ 21st-century scientific literacy. The
distribution of achievement across dimensions is illustrated in Figure 1.

Investigating, evaluating, and using

lnterpreting data and scientific evidence _
0,67

Explaining phenomena scientifically

0,83

0 01 02 03 04 05 06 07 08 09
Figure 1. Histogram of Average Scores for Each Scientific Literacy Dimension

The results show that the highest achievement occurred in the dimension of
explaining phenomena scientifically (0.83), followed by interpreting data and
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scientific evidence (0.67), while the lowest achievement was observed in
investigating, evaluating, and using scientific information (0.58).

Discussion

The present study demonstrates that the implementation of STEM-based
Project-Based Learning (PjBL) integrated with virtual laboratories resulted in a
significant improvement in junior high school students’ scientific literacy, as reflected
by the medium N-Gain value (0.62) and statistically significant Wilcoxon test results.
Rather than merely confirming previous findings, this discussion critically situates the
results within cross-contextual STEM education research, highlighting how
differences in educational infrastructure, inquiry culture, and instructional
scaffolding shape learning outcomes. Beyond confirming effectiveness, the
following discussion critically examines how these findings compare with existing
literature, how they relate to different educational contexts, and how they
contribute to the broader STEM education research landscape.

The strongest improvement was observed in the dimension of explaining
phenomena scientifically (0.83). This finding indicates that students were able to
understand and apply scientific concepts to explain contextual phenomena such as
heat transfer and material expansion. Collaborative and application-oriented project
activities allowed students to actively construct knowledge through hands-on
problem solving and contextualized tasks, consistent with constructivist learning
principles (Blumenfeld et al., 2011). Similar outcomes have been reported in prior
studies showing that PjBL enhances conceptual understanding and scientific
reasoning by situating learning in meaningful, real-world contexts (Ardithayasa et al.,
2022; Song et al., 2025).

However, compared with findings from studies conducted in well-resourced
educational settings in Europe and East Asia, where PjBL-STEM has been shown to
alsoyield high gains in inquiry and evaluative skills, the present results suggest a more
uneven development of scientific literacy dimensions. In the Indonesian context,
where students may have more limited prior exposure to inquiry-based learning and
experimental autonomy, PjBL appears to more readily support conceptual
explanation than advanced investigative reasoning. This contrast highlights the
influence of contextual factors such as curriculum structure, assessment culture, and
prior learning experiences on how STEM-based pedagogies translate into learning
outcomes.

The dimension of interpreting data and scientific evidence achieved a medium
mean score (0.67), indicating that students developed adequate abilities to read
graphs, analyze tables, and draw conclusions from experimental data. Virtual
laboratories played a crucial role in facilitating the visualization of abstract scientific
processes and enabling students to explore variable relationships through interactive
simulations. These findings align with previous research demonstrating that virtual
simulations can effectively support data interpretation and evidence-based
reasoning by reducing cognitive load and enhancing pattern recognition (Elmoazen
et al., 2023; Lestari et al., 2023).
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Nevertheless, some international studies have reported higher gains in data
interpretation when virtual laboratories are embedded within explicitly scaffolded
inquiry cycles rather than used as stand-alone tools (Chung et al., 2022; Kaldaras et
al., 2024). In contrast, the moderate gains observed in this study suggest that while
virtual laboratories were effective for visualization and exploration, additional
instructional support may be required to fully optimize students’ analytical
engagement with data, particularly in junior high school settings.

From a cognitive and instructional design perspective, this pattern suggests
that higher-order inquiry skills require more explicit and sustained scaffolding than
conceptual explanation alone. The lowest performance was found in the dimension
of investigating, evaluating, and using scientific information (0.58). This result
indicates that students’ inquiry-related and higher-order thinking skills remain less
developed compared to their conceptual understanding. Students experienced
difficulties in designing experiments, controlling variables, and critically evaluating
research outcomes, a pattern that has also been documented in both Indonesian and
international studies (Fitriah & Zawanis, 2024; Papalazarou et al., 2024; Trisnowati et
al., 2021). Interestingly, some global studies report contradictory findings, suggesting
that virtual laboratories alone can substantially enhance investigative skills when
learners are given high levels of autonomy and iterative experimentation
opportunities. The discrepancy with the present findings may stem from differences
in instructional time, teacher guidance, and students’ prior familiarity with inquiry-
based learning. This suggests that virtual laboratories should not be viewed as a
universal solution but rather as tools whose effectiveness depends on pedagogical
integration and contextual readiness. Integrating virtual laboratories with hands-on
experiments and explicit inquiry scaffolding may therefore be necessary to support
deeper scientific investigation skills (Flegr et al., 2023; Miller et al., 2023; Tokatlidis et
al., 2024).

Overall, these findings support the scientific literacy framework proposed by
Bybee (2013) and OECD (2019), which emphasizes the integration of conceptual
understanding, scientific competencies, and the application of science in everyday
life. Within the broader STEM education research map, this study contributes
empirical evidence from a developing-country context, highlighting both the
potential and the limitations of PjBL-STEM supported by digital technologies in junior
high school education. While much STEM education research originates from
Western or technologically advanced educational systems, the present findings
underscore the need to contextualize STEM pedagogies to local curriculum
structures and learner characteristics.

Taken together, the implementation of PjBL-STEM integrated with virtual
laboratories significantly enhanced students’ scientific literacy and enriched their
learning experiences in alignment with 21st-century educational demands. However,
the uneven development across scientific literacy dimensions indicates that future
implementations should move beyond effectiveness claims toward more refined
instructional designs that explicitly target inquiry and evaluative competencies.
Strengthening the alignment between virtual and real laboratory experiences,

53 Online ISSN 2655-2450 | Print ISSN 2655-2388



G
‘/ IJ-] ‘S EDu IJIS Edu : Indonesian J. Integr. Sci. Education, Vol 8 (1) 2026 page 46-58

DS XN, O [NIECRAED SCIEACE ST

alongside systematic inquiry scaffolding, may help bridge the gap between
conceptual understanding and scientific investigation skills.

Limitations of the Study

Despite the promising findings, this study has several methodological
limitations that should be acknowledged. First, the research employed a one-group
pretest-posttest design without a control group. Therefore, the observed
improvement in students’ scientific literacy cannot be attributed solely to the
integrative PjBL-STEM and virtual laboratory learning model. Second, the sample size
was relatively small (n = 25) and drawn from a single junior high school, which may
limit the generalizability of the findings. Third, the study is subject to potential
maturation bias and testing effects, as students’ performance may have improved
due to natural developmental processes or increased familiarity with the test
instruments. Future research is recommended to employ experimental or quasi-
experimental designs with control groups, larger and more diverse samples, and
repeated measurements to strengthen causal inference.

Implications for Educational Policy and Junior High School Science Curriculum

The findings of this study suggest important implications for educational
policy, particularly in supporting the integration of STEM-oriented Project-Based
Learning and digital learning technologies in junior high school science education.
The observed improvement in students’ 21st-century scientific literacy indicates that
policy frameworks should facilitate adequate digital infrastructure, teacher
professional development, and curriculum flexibility to enable the effective
implementation of project-based and technology-enhanced learning models. Policies
that promote the use of virtual laboratories may help schools address limitations in
physical laboratory facilities while maintaining inquiry-based and experiential science
learning.

From a curriculum development perspective, the results highlight the relevance
of embedding PjBL-STEM approaches within the junior high school science curriculum
to foster scientific literacy across cognitive, procedural, and contextual dimensions.
While project-based learning aligned with real-life contexts effectively supported
students’ conceptual understanding, the relatively lower performance in
investigative and evaluative skills indicates a need for more structured opportunities
for scientific inquiry and data evaluation. Integrating virtual laboratories with hands-
on experiments, accompanied by explicit inquiry scaffolding, may strengthen these
competencies and better align the science curriculum with 21st-century learning
demands.

4. Conclusion

This study concludes that integrating Project-Based Learning (PjBL) and STEM
supported by virtual laboratories enhances students’ 21st-century scientific literacy
by strengthening conceptual understanding, data interpretation, and the application
of scientific knowledge through contextual and interactive learning experiences.
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From a theoretical perspective, the findings support constructivist and scientific
literacy frameworks by demonstrating that integrated PjBL-STEM learning more
strongly promotes explanatory and conceptual dimensions of literacy than
investigative competencies, indicating that scientific inquiry skills require explicit
scaffolding and sustained engagement with scientific practices. From an instructional
standpoint, the results suggest that PjBL-STEM assisted by virtual laboratories can
serve as an effective approach for junior high school science learning, particularly in
contexts with limited laboratory resources; however, to foster balanced literacy
development, STEM-based instruction should intentionally integrate guided inquiry,
structured experimental design, and alignment between virtual and hands-on
laboratory activities to strengthen students’ investigative and evaluative skills.

References

Al-nakhle, H. (2022). The effectiveness of scenario-based virtual laboratory
simulations to improve learning outcomes and scientific report writing skills.
PLOS ONE, 17(11), 1-13. https://doi.org/10.1371/journal.pone.0277359

Ardithayasa, I. W., Gading, I. K., & Widiana, I. W. (2022). Project Based Learning
Modules to Improve Scientific Literacy and Problem-Solving Skill. Journal for
Lesson and Learning Studies, 5(2), 316-325.
https://doi.org/10.23887/jlls.v5i2.52607

Aswari, C. A., Suwarna, I. P., & Naulifar, S. (2024). Improving Science Literacy Through
Virtual Experiments in Inquiry-Based Learning: A Quasi-Experimental Analysis on
The Concept of Optical Instruments. Edusains, 16(1), 62-72.
http://journal.uinjkt.ac.id/index.php/edusains/article/view/18883

Blumenfeld, P. C., Soloway, E., Marx, R. W., Krajcik, J. S., Guzdial, M., & Palincsar, A.
(2011). Motivating Project-Based Learning: Sustaining the Doing, Supporting the
Learning. Educational Psychologist, 26(4), 369-398.
https://doi.org/10.1080/00461520.1991.9653139

Bybee, R. W. (2013). The Case for STEM Education: Challenges and Opportunities. NSTA
press. https://static.nsta.org/pdfs/samples/PB337Xweb.pdf

Chung, C., Cai, L., Wen, T., Yi, H., Ming, C., Chang, H., & Han, P. (2022). Augmenting
the effect of virtual labs with " teacher demonstration " and " student critique "
instructional designs to scaffold the development of scientific literacy. In
Instructional ~ Science (Vol. 50, Nomor 2). Springer Netherlands.
https://doi.org/10.1007/s11251-021-09571-4

Elmoazen, R., Sagr, M., Khalil, M., & Wasson, B. (2023). Learning analytics in virtual
laboratories: a systematic literature review of empirical research. Smart Learning
Environments, 10(1). https://doi.org/10.1186/s40561-023-00244-y

Fitriah, I., & Zawanis, S. F. (2024). The Effectiveness of Virtual Laboratory Media in
Physics Education: A Meta-Analysis on Students’ Conceptual Understanding and
Higher-Order Thinking Skills. Indonesian Science Education Journal, 5(2), 65-74.

55 Online ISSN 2655-2450 | Print ISSN 2655-2388



=y

L
‘/ I]} ‘S EDu IJIS Edu : Indonesian J. Integr. Sci. Education, Vol 8 (1) 2026 page 46-58

DS XN, O [NIECRAED SCIEACE ST

Flegr, S., Kuhn, J., & Scheiter, K. (2023). When the whole is greater than the sum of
its parts: Combining real and virtual experiments in science education.
Computers and Education, 197(June 2022), 104745.
https://doi.org/10.1016/j.compedu.2023.104745

Gnesdilow, D. (2025). Middle School Students ’ Application of Science Learning From
Physical Versus Virtual Labs to New  Contexts. 177-1194.
https://doi.org/10.1002/sce.21953

Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-
thousand-student survey of mechanics test data for introductory physics
courses. American Journal of Physics, 66(1), 64-74.
https://doi.org/https://doi.org/10.1119/1.18809

Haviz, M., Karomah, H., Delfita, R., Umar, M. I. A., & Maris, I. M. (2018). Revisiting
generic science skills as 21st century skills on biology learning. Jurnal Pendidikan

IPA Indonesia, 7(3), 355-363. https://doi.org/10.15294/jpii.v7i3.12438

Hindun, I., Nurwidodo, N., Wahyuni, S., & Fauziah, N. (2024). Effectiveness of project-
based learning in improving science literacy and collaborative skills of
Muhammadiyah middle school students. JPBI (Jurnal Pendidikan Biologi
Indonesia), 10(1), 58-69. https://doi.org/10.22219/jpbi.v10i1.31628

Hudha, M. N., Fajriyah, M. I., Rosyidah, F. U. N., & Ayu, H. D. (2023). Project-based
learning in improving scientific literacy: Systematic literature review. Psychology,
Evaluation, and Technology in Educational Research, 5(2), 93-105.
https://doi.org[10.33292/petier.v5i2.157

Jamah, A., Alnagrat, A., Ismail, R. C, Zulkarnain, S., & Idrus, S. (2022). The
Opportunities and challenges in virtual reality for virtual laboratories. 6(2), 73-89.

Kaldaras, L., Wang, K. D., Nardo, J. E., Price, A., Perkins, K., & Wieman, C. (2024).
Employing technology - enhanced feedback and scaffolding to support the
development of deep science understanding using computer simulations.
International Journal of STEM Education. https://doi.org/10.1186/s40594-024-
00490-7

Le, H. C,, Nguyen, V. H., & Nguyen, T. L. (2023). Integrated STEM Approaches and
Associated Outcomes of K-12 Student Learning: A Systematic Review. Education
Sciences, 13(3). https://doi.org/10.3390/educsci13030297

Lestari, D. P., Supahar, Paidi, Suwarjo, & Herianto. (2023). Effect of science virtual
laboratory combination with demonstration methods on lower-secondary
school students’ scientific literacy ability in a science course. Education and
Information Technologies, 28(12), 16153-16175. https://doi.org/10.1007/s10639-
023-11857-8

Li, Y., Wang, K., Xiao, Y., Froyd, J. E., & Nite, S. B. (2020). Research and trends in STEM
education: a systematic analysis of publicly funded projects. International Journal
of STEM Education, 7(1). https://doi.org/10.1186/s40594-020-00213-8

Online ISSN 2655-2450 | Print ISSN 2655-2388 56



=y,
L
‘/ IJ-] ‘S EDu IJIS Edu : Indonesian J. Integr. Sci. Education, Vol 8 (1) 2026 page 46-58

DS XN, O [NIECRAED SCIEACE ST

Miller, V. A., Marks, T., Thompson, D. K., Miller, V. A., Marks, T., & Thompson, D. K.
(2023). and in-Person Integration in a Foundational Microbiology Course. March
2025, 1-13.

Mulyani, A., Indriyanti, D. R., & Madnasri, S. (2023). Research Trend of 21st Century
Skills in Science Education Through Bibliometrics. Jurnal Pendidikan Sains
Indonesia, 11(4), 897-916. https://doi.org/10.24815/jpsi.v11i4.32527

Natsir, S. Z. M., Sahabuddin, E. S., & Syamsuddin, A. F. (2025). UNIVERSITY STUDENT’S
RESPONSES’ TOWARDS THE USE OF PHET-BASED VIRTUAL LABORATORY ON
THE BASIC OF SCIENCE CONCEPTS COURSE. JSEP (Journal of Science Education
and Practice), 9(1), 1-13.

OECD. (2019). PISA 2018 Results (Volume 1): What Students Know and Can Do. In OECD
Publishing: Vol. I. https://doi.org[10.1787/5f07¢754-en

Pamungkas, A. S., Muslim, S., & Khaerudin, K. (2025). Innovation of Mobile Science
Laboratories as a Solution to Access to Practical Learning in Schools: A Case
Study at an Education Quality Assurance Center in Banten, Indonesia.
International Journal of STEM Education for Sustainability, 5(2), 184-198.
https://doi.org/10.53889/ijses.v5i2.700

Papalazarou, N., Lefkos, I., & Fachantidis, N. (2024). The Effect of Physical and Virtual
Inquiry-Based Experiments on Students’ Attitudes and Learning. Journal of
Science Education and Technology, 33(3), 349-364.
https://doi.org/10.1007/s10956-023-10088-3

Rahmadani, N. F., Retno, S., Ariani, D., Mulyani, S., & Indriyanti, N. Y. (2023).
EFFECTIVENESS OF VIRTUAL STEM LABORATORIES FOR ENHANCING HIGH
SCHOOL STUDENTS ’ CREATIVITY AND STEM LITERACY. Jurnal Kimia dan
Pendidikan Kimia, 8(1), 26-36.

Rediani, N. N. (2024). Indonesian Journal of Educational Development ( IJED ) THE
IMPACT OF PROJECT-BASED LEARNING ON STUDENTS . 5(1), 67-78.

Ridani, M., & Arianingrum, R. (2024). Type of Active Learning Implementation in
Science Education: A Systematic Review. Indonesian Journal of Educational
Research and Review, 7(2), 394-403. https://doi.org/10.23887/ijerr.v7i2.65623

Roy, G., Sikder, S., & Danaia, L. (2025). Adopting Scientific Literacy in Early Years from
Empirical Studies on Formal Education: A Systematic Review of the Literature. In
International Journal of STEM Education (Vol. 12).

Saputra, W. T., Rochintaniawati, D., & Agustin, R. R. (2024). The Role of Learning
Models in Enhancing Scientific Literacy: A Critical Review Evaluation. Prisma
Sains: Jurnal Pengkajian [Imu dan Pembelajaran Matematika dan IPA IKIP Mataram,

12(3), 462-476. https://e-
journal3.undikma.ac.id/index.php/prismasains/article/view/10827%0Ahttps://doi.

org/10.33394/j-ps.v12i3.10827
Sarsale, J., Lopez, E. N., Alia, L., & Alejandro, B. (2024). STEM Education in ASEAN

57 Online ISSN 2655-2450 | Print ISSN 2655-2388



=y

L
‘/ I]} ‘S EDu IJIS Edu : Indonesian J. Integr. Sci. Education, Vol 8 (1) 2026 page 46-58

DS XN, O [NIECRAED SCIEACE ST

Countries: Practices and Way Forward. Science Education International, 35(4),
360-368. https://doi.org/10.33828/sei.v35.i4.7

Shambare, B., & Simuja, C. (2022). A Critical Review of Teaching With Virtual Lab : A
Panacea to Challenges of Conducting Practical Experiments in Science Subjects
Beyond the COVID-19 Pandemic in Rural Schools in South Africa.
https://doi.org/10.1177/00472395211058051

Siew, N. M., & Ambo, N. (2018). Development and evaluation of an integrated project-
based and stem teaching and learning module on enhancing scientific creativity
among fifth graders. Journal of Baltic Science Education, 17(6), 1017-1033.
https://doi.org/10.33225/jbse/18.17.1017

Song, X., Razali, A. B., & Jeyaraj, J. J. (2025). How project-based learning improves
college EFL learners’ critical thinking skills and reading comprehension ability: A
case study. Language Teaching Research, 1.
https://doi.org[10.1177/13621688251352275

Sun, Y., Wang, X., Jia, Q., & Yang, J. (2022). Study on Organic Modification of
Lanthanum Oxide. Journal of Physics: Conference Series, 2194(1).
https://doi.org[10.1088/1742-6596/2194/1/012032

Tokatlidis, C., Tselegkaridis, S., Rapti, S., Sapounidis, T., & Papakostas, D. (2024).
Hands-On and Virtual Laboratories in Electronic Circuits Learning—Knowledge
and Skills Acquisition. Information (Switzerland), 15(11).
https://doi.org/10.3390/info15110672

Trisnowati, E., Wiyanto, W., Subali, B., & Sulhadi, S. (2021). Keterampilan Meneliti
Mahasiswa dalam Eksperimen Real dan Eksperimen Virtual. 185-189.
http://pps.unnes.ac.id/prodi/prosiding-pascasarjana-unnes/

Utomo, R. H., Sudiyanto, S., & Supianto, S. (2025). The Role of STEM-Based Project-
Based Learning in Developing Future Competencies: A Systematic Review Rulli
Hari Utomo 1 *, Sudiyanto 2 , Supianto 3. Teknodika, 23(1), 12-25.
https://doi.org/https://dx.doi.org/10.20961/teknodika.v23i1.97895

Online ISSN 2655-2450 | Print ISSN 2655-2388 58



