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Bibliometric mapping was used to identify research trends, thematic clusters, and
DOI: 10.29303 /jppipa.v12i2.14257 emerging research gaps, while the SLR examined instructional designs, learning
outcomes, and pedagogical effectiveness. The results indicate that STEM-PjBL
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collaboration, and iterative inquiry processes that are essential in learning abstract
physics concepts. Furthermore, the findings highlight that deep learning approaches
offer strong potential to provide adaptive scaffolding, personalized feedback, and
learning analytics to support students” inquiry processes, although their implementation
in STEM-PJBL contexts remains limited. This study concludes that the integration of
STEM-PjBL, web-based interactivity, and deep learning constitutes a promising and
scalable framework for advancing generic science skills and provides important
implications for future research and instructional design in science education.
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Introduction encompass indirect observation, modeling, logical
inference, the use of scientific symbols and

The transformation of science education in the 21st ~ representations, causal reasoning, and the ability to
century requires a fundamental shift in learning integrate interdisciplinary concepts in solving
paradigms, moving beyond procedural concept mastery ~ contextual problems (Wang & Shen, 2024). In physics
toward the development of generic science skills as core ~ learning, particularly materials physics, these skills are
competencies for learners. Generic science skills critically — important due to  the  abstract,
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multirepresentational, and application-oriented nature
of the subject, which is closely linked to modern
technological developments (Engelbrecht & Borba,
2024). However, numerous studies report that students’
generic science skills remain at low to moderate levels
across secondary and higher education contexts.
Research by Bouchée et al. (2022) indicates that students

commonly experience difficulties in conceptual
modeling, scientific reasoning, and connecting
theoretical ~ physics concepts with  real-world

phenomena. This condition is exacerbated by the
dominance of conventional instruction that emphasizes
lectures and routine problem-solving, providing limited
opportunities for students to construct deep and
meaningful conceptual understanding (Sihombing &
Yohandri, 2025).

In response to these challenges, the Science,
Technology, Engineering, and Mathematics (STEM)
approach has gained increasing attention in both
national and international literature. STEM education
emphasizes interdisciplinary integration to foster
scientific thinking, problem-solving abilities, and
evidence-based decision-making skills (Chamo & Broza,
2025). Nevertheless, the effectiveness of STEM education
is significantly enhanced when it is combined with
experiential learning models, particularly Project-Based
Learning (PjBL). The STEM-PjBL model engages
students in authentic learning experiences through
project activities that require the application of science
and mathematics concepts in technological and
engineering design contexts. These activities involve
problem identification, experimental investigation, data
analysis, and solution evaluation (Thohir et al., 2020).
Numerous Scopus-indexed studies have demonstrated
that STEM-PJBL is effective in improving scientific
literacy, creativity, critical thinking, and scientific
reasoning skills (Wu et al., 2024). In physics education,
STEM-PJBL has been shown to enhance conceptual
understanding and generic science skills through
modeling and project-based problem-solving activities
(Ladachart et al, 2022). In the Indonesian context,
SINTA-indexed studies reveal similar findings.

Sarjani et al. (2023) and Oise et al. (2025) reported
that integrating STEM and PjBL in physics instruction
significantly improves higher-order thinking skills
(HOTS) and generic science skills. Furthermore,
Purwaningsih et al. (2020) found that STEM-PjBL-based
physics instructional materials effectively enhanced
students’” modeling abilities and scientific reasoning.
Despite these promising outcomes, most STEM-PjBL
implementations remain predominantly face-to-face
and have not fully leveraged interactive web-based
technologies (Syukri et al.,, 2023). Advances in digital
technology and online learning environments offer
substantial opportunities for developing interactive
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web-based physics instruction. Digital learning media
such as e-workbooks, interactive simulations, and online
learning platforms facilitate the visualization of abstract
materials physics concepts, promote self-directed
learning, and support flexible and adaptive instruction
(Nurwina et al., 2025). Empirical evidence reported by
Rahma et al. (2025) indicates that STEM-based digital
physics learning significantly improves students’
generic science skills, with high normalized gain scores
(N-Gain > 0.7). These findings suggest that integrating
STEM-PjBL with interactive web-based media can
effectively address the inherent challenges of teaching
materials physics.

Beyond instructional models and technology, the
deep learning approach has emerged as a critical
pedagogical perspective in contemporary education. In
this context, deep learning is not merely associated with
artificial intelligence technologies but refers to a learning
approach  that emphasizes deep conceptual
understanding, interconnected knowledge structures,
critical reflection, and the transfer of learning to new
situations (Fergusson, 2022). This approach aligns
strongly with project-based learning, as it encourages
students to go beyond task completion and engage in
sustained meaning-making and scientific reasoning.
Recent studies indicate that integrating deep learning
principles into PjBL significantly enhances students’
scientific reasoning, critical thinking, and complex
problem-solving abilities (Kamaluddin et al., 2023;
Taufik et al., 2025) further emphasized that project-
based learning oriented toward deep learning is more
effective than surface learning approaches in improving
the quality of science understanding. However, research
that systematically integrates deep learning principles
within a web-based STEM-PjBL model, particularly in
the context of materials physics, remains limited in both
Scopus- and SINTA-indexed literature.

Based on this analysis, a clear research gap exists
regarding the need for an innovative instructional model
that holistically integrates STEM-PjBL, interactive web-
based learning, and a deep learning approach to enhance
students’ generic science skills. Materials physics, which
requires multiscale reasoning, metarepresentational
thinking, and strong conceptual integration, provides a
highly relevant context for the development of such a
model (Chaiarwut et al., 2025). Therefore, a study is
needed regarding the Hybrid Web-Based STEM-PjBL
Model with a Deep Learning Approach as an innovative
solution for enhancing generic science skills in materials
physics learning. This hybrid model is expected to
contribute theoretically to the advancement of
contemporary science education models and practically
to support educators in designing meaningful,
contextual, and future-oriented physics learning
experiences aligned with 2Ist-century educational
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demands. Therefore, this research aims to examine
research trends in improving generic science skills
through an interactive web-based STEM-PjBL hybrid
model in materials physics with a deep learning
approach.

Method

Research design

This study employed a hybrid review
methodology, integrating a Systematic Literature
Review (SLR) and a Bibliometric Review, to
comprehensively analyze the development of web-
based Hybrid STEM-Project-Based Learning (STEM-
PjBL) models with a deep learning approach for
enhancing generic science skills in materials physics
education. The hybrid review design enables both
qualitative synthesis of evidence and quantitative
mapping of the intellectual structure of the field, which
cannot be achieved through a single review method
alone (Tranfield et al., 2003; Snyder, 2019; Donthu et al.,
2021). The SLR component was used to identify,
critically evaluate, and synthesize relevant empirical
and conceptual studies, while the bibliometric
component quantitatively examined publication trends,
influential authors, collaboration networks, and
thematic structures (Zupic & Cater, 2015, Aria &
Cuccurullo, 2017). This methodological integration is
increasingly recommended in educational research to
enhance analytical depth and rigor.

Data Sources and Research Strategy

The literature data were retrieved from two
authoritative databases: Scopus and SINTA (Science and
Technology Index Indonesia) via Google Scholar. The
Google Scholar database was chosen as a source for
document retrieval because Google Scholar applies
consistent standards in selecting documents to be
included in its index, and Google Scholar displays more
documents than other top databases, especially research
in the field of education (Hallinger & Chatpinyakoop,
2019). Scopus was selected due to its comprehensive
international coverage and strict indexing standards,
while SINTA was included to ensure representation of
high-quality national studies relevant to the Indonesian
educational context. The literature search covered
publications from 2020 to 2026, aligning with recent
developments in STEM education and digital learning
research. Search strings were constructed using Boolean
operators and controlled keywords derived from prior
systematic reviews (Budgen & Brereton, 2006) including;
“STEM education” OR “STEM-PjBL” OR “Project-Based
Learning” AND
“web-based learning” OR “digital learning” OR
“interactive learning media” AND
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“deep learning approach” AND
“generic science skills” OR “scientific reasoning” OR
“higher-order thinking skills” AND
“physics education” OR “materials physics”

The search was limited to peer-reviewed journal
articles and conference proceedings published in
English or Indonesian. To identify research trends in
recent years, app.dimensions.ai was also used to filter
the data collected via Publish or Perish. The researchers
used the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

Inclusion and Exclusion Criteria

To ensure relevance, quality, and transparency,
explicit inclusion and exclusion criteria were applied
following established SLR guidelines (Petticrew &
Roberts, 2006; Page et al., 2021). Inclusion criteria
consisted of: publications between 2020 and 2026;
articles indexed in Scopus or SINTA; studies focusing on
STEM education, PjBL, or integrated STEM-PjBL
models; research incorporating digital or web-based
learning environments; and studies addressing generic
science skills, scientific reasoning, or higher-order
thinking skills. Exclusion criteria included: non-peer-
reviewed documents (e.g., editorials, opinion papers);
studies outside science or physics education; articles
lacking methodological transparency; and duplicate
records across databases.

Systematic Literature Review Procedure

The SLR procedure adhered strictly to the PRISMA
2020 guidelines to ensure methodological rigor and
replicability. The review process involved four stages:
identification, screening, eligibility, and inclusion.
During the identification stage, 132 records were
retrieved from Scopus (n =78) and SINTA (n = 54). After
removing 34 duplicate records, 98 articles remained for
title and abstract screening. Subsequently, 63 articles
were excluded based on relevance, resulting in 35 full-
text articles assessed for eligibility. Finally, 30 articles
met all inclusion criteria and were included in the
qualitative synthesis, consistent with best practices in
educational SLRs. Data extraction followed a structured
protocol capturing publication year, research design,
educational level, learning model characteristics, digital
platform features, deep learning indicators, and
reported outcomes related to generic science skills.

Bibliometric Review Procedure
Bibliometric  analysis was conducted to
quantitatively explore the intellectual structure and
evolution of research on STEM-PjBL, digital learning,
and generic science skills. Bibliographic data (titles,
abstracts, keywords, authors, affiliations, citations, and
references) were exported in compatible formats from
17
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Scopus and SINTA databases. The analysis included:
annual publication trends, keyword co-occurrence
analysis, author and institutional collaboration
networks, and source analysis of core journals.
Visualization and network mapping were performed
using VOSviewer, which is widely used for bibliometric
network construction and clustering (Van Eck &
Waltman, 2014). This tool facilitated the identification of
dominant and emerging research themes related to
STEM-PjBL and deep learning in physics education.

Results and Discussion

This research aims to describe research trends on
improving generic science skills through an interactive
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web-based STEM-PjBL hybrid model in materials
physics with a deep learning approach. Figure 1 is
presented below regarding research trends on
improving generic science skills through an interactive
web-based STEM-PjBL hybrid model in materials
physics with a deep learning approach over the last ten
years (obtained from app.dimensions.ai). Figure 1
shows that the trend in research on improving generic
science skills through an interactive web-based STEM-
PjBL hybrid model in materials physics with a deep
learning approach has experienced fluctuations. Below,
Table 1 also presents research on improving generic
science skills through an interactive web-based STEM-
PjBL hybrid model in materials physics with a deep
learning approach, based on the type of publication.
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Figure 1. Research trends in improving generic science skills through interactive web-based STEM-PjBL hybrid model of
material physics with deep learning approach (app.dimensions.ai)

Table 1. Trends Research Based on Publication Types
(app.dimensions.ai)

Publication Type Publications
Edited Book 208
Article 129
Chapter 128
Monograph 25
Preprint 9
Proceeding 3

Based on Table 1, it is known that the research
trends identified through app.dimensions.ai are
categorized into six types of publications. In the form of
articles, there were 129 documents; chapters, 128

documents; proceedings, 3 documents; edited books,
208 documents; 9 preprint publications; and 25
monographs. Research trends in article form represent
the type of publication that contains the most research
on improving generic science skills through an
interactive web-based STEM-PjBL hybrid model in
materials physics with a deep learning approach,
compared to other types of publications. Meanwhile, the
type of publication that contains the least number of
research outputs on improving generic science skills
through an interactive web-based STEM-PJBL hybrid
model in materials physics with a deep learning
approach is proceedings.
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Research conducted by (2019) states that an article
is a complete factual essay of a certain length created for
publication in online or print media (via newspapers,
magazines or bulletins) and aims to convey ideas and
facts that can convince and educate. These articles are
usually published in scientific journals both in print and
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online (Suseno & Fauziah, 2020). Below, Figure 2
presents the research fields related to trends in
improving generic science skills through an interactive
web-based STEM-PjBL hybrid model in materials
physics with a deep learning approach.
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Figure 2. Research fields of trend improving generic science skills through interactive web-based STEM-PjBL hybrid model of
material physics with deep learning approach research

Figure 2 shows that the most dominant field of
research related to the trend of improving generic
science skills through an interactive web-based STEM-
PjBL hybrid model in materials physics with a deep
learning approach is education, with 264 publications.
The leading publisher is Advances in Social Science,
Education and Humanities Research with 65
publications. The proceedings series Advances in Social
Science, Education and Humanities Research aims to
publish proceedings from conferences on the theories
and methods in fields of social sciences, education and
humanities. All proceedings in this series are open
access, i. e. the articles published in them are
immediately and permanently free to read, download,
copy & distribute. The online publication of each
proceeding is sponsored by the conference organizers
and hence no additional publication fees are required.

Results of Systematic Literature Review (SLR)

The SLR results demonstrate that STEM-PjBL
consistently outperforms conventional and single-
model instructional approaches in fostering students’
generic science skills, including scientific reasoning,
modeling, data interpretation, and problem-solving
(Yasin et al., 2021). Across experimental and quasi-

experimental studies, effect sizes ranged from moderate
to high, particularly when projects were contextualized
and supported by digital tools (Umoke et al., 2025). Web-
based interactive platforms were found to significantly
enhance student engagement, self-regulation, and
inquiry depth, especially in abstract physics topics such
as material properties, elasticity, and molecular
structure (Pratama, 2020). Interactive simulations,
visualization tools, and asynchronous discussion
features supported the development of core generic
science skills by enabling iterative hypothesis testing
and reflective learning cycles (Errabo et al., 2024).
Nevertheless, the review identified a pedagogical gap:
most studies employed static or rule-based digital
platforms, lacking intelligent adaptation to learners’
cognitive profiles and project progression stages. Only a
limited number of studies incorporated machine
learning or deep learning algorithms to personalize
feedback or scaffold inquiry (Roll & Wylie, 2016; Chen et
al., 2020).

Bibliometric Results: Research Trends and Knowledge

Structure
The bibliometric analysis based on Scopus and
SINTA-indexed publications (n = 30) reveals a
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significant upward trend in research integrating STEM
education, Project-Based Learning (PjBL), and web-
based interactive learning environments over the last six
years. Keyword co-occurrence mapping using VOS
viewer identified four dominant clusters: STEM-PjBL
integration, generic science skills and higher-order
thinking, digital and web-based learning environments,
and artificial intelligence and deep learning in
education. The strongest keyword linkages were
observed between STEM education, project-based
learning, and critical/ generic science skills, indicating a
conceptual convergence toward competency-oriented
science education (Rehman et al., 2024). However, the
integration of deep learning approaches as adaptive
engines in STEM-PjBL environments appears as an
emerging but underexplored theme, particularly in
materials physics learning contexts (Budiarti et al., 2023).

From a geographical perspective, Scopus-indexed
publications were dominated by studies from Asia and
Europe, while SINTA-indexed studies showed a strong
focus on contextualized STEM-PjBL implementation in
Indonesian secondary and higher education (Suparmi et
al., 2024). This indicates a strong local relevance but also
highlights the need for stronger theoretical and
technological alignment with global research
trajectories. In the articles analyzed, numerous terms are
related to improving generic science skills through an
interactive web-based STEM-PjBL hybrid model in
materials physics with a deep learning approach. Below,
five (5) popular keywords related to the trend are
presented. Table 2 shows that the keyword “science”
appeared eight times with a relevance score of 0.83.
Table 2 also shows that “critical thinking” appeared four
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times with a relevance score of 1.41, indicating its strong
conceptual association within the research trend.

Table 2. Keywords on Trend research

Terms Occurrences Relevance
Physics 5 3.63
Stem education 4 1.98
Critical thinking 4 1.41
Science 8 0.83
Inquiry 7 0.82

Below, the visualization is generated in the form of
a landscape map, which offers a visual representation of
subjects related to scientific studies. The outcomes of
bibliometric mapping for the co-word network in
articles related to the topic of improving generic science
skills through an interactive web-based STEM-PjBL
hybrid model in materials physics with a deep learning
approach are illustrated in Figure 3. Figure 3 shows the
results of bibliometric keyword mapping on research
trends in improving generic science skills through an
interactive web-based STEM-PjBL hybrid model in
materials physics with a deep learning approach. In
Figure 3, there are 40 keyword items that are frequently
used in research on improving generic science skills
through an interactive web-based STEM-PjBL hybrid
model in materials physics with a deep learning
approach. Figure 3 also contains 4 clusters, where the
first cluster is colored red and consists of 14 keyword
items, namely critical thinking, development, etc. The
second cluster in green consists of 11 keyword items,
namely creativity, physics, etc. The third cluster in blue
consists of 9 keyword items, namely stem, module,
science, etc. The fourth yellow cluster consists of 6
keyword items, inquiry, teacher, etc.
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Figure 3. Network visualization on trend improving generic science skills through interactive web-based STEM-PjBL hybrid
model of material physics with deep learning approach research
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Figure 3 above also shows that the network
visualization illustrates the relationships between the
visualized terms. Keywords classified into four clusters
are arranged in a color chart showing the divisions and
their interconnections. The results of this analysis can be
used to determine keyword research trends in recent
years. This analysis shows several keywords that are
frequently used in research on improving generic
science skills through an interactive web-based STEM-
PjBL hybrid model in materials physics with a deep
learning approach. The more keywords that appear, the
broader the visualization displayed. Below, keywords
related to improving generic science skills through an
interactive web-based STEM-PjBL hybrid model in
materials physics with a deep learning approach are also
presented based on overlay visualization. Figure 4
shows the trend of keywords related to research on
improving generic science skills through an interactive
web-based STEM-PjBL hybrid model in materials
physics with a deep learning approach in Google
Scholar-indexed journals. Trends in article themes
related to improving generic science skills through an
interactive web-based STEM-PjBL hybrid model in
materials physics with a deep learning approach, from
the oldest to the most recent year, are marked in purple,
blue, turquoise, dark green, light green, and yellow.
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Theoretical Integration: STEM-PjBL, Web Interactivity, and
Deep Learning

From a theoretical standpoint, the findings support
the alignment of constructivist learning theory, situated
cognition, and self-determination theory as foundational
frameworks for Hybrid STEM-PJBL models (Hmelo-
Silver, 2004; Paradelle, 2019; Doyan et al., 2024). PjBL
situates learning within authentic problem contexts,
while STEM integration ensures interdisciplinary
coherence and real-world relevance. Web-based
interactivity extends these foundations by enabling
distributed cognition and collaborative knowledge
construction, allowing learners to externalize reasoning
through digital artifacts and simulations (Kimmerle et
al., 2015). The addition of deep learning mechanisms
represents a conceptual advancement, as it enables
adaptive scaffolding, pattern recognition in learner
behavior, and real-time analytics of inquiry performance
(Tasiouli et al., 2025). Deep learning models—such as
neural networks for learning analytics—can
dynamically adjust project complexity, recommend
resources, and provide formative feedback aligned with
students” evolving generic science skills (Gligorea et al.,
2023). This theoretical synthesis positions the Hybrid
STEM-PJBL model not merely as a pedagogical
integration, but as an intelligent learning ecosystem.

effectiveness
praffiem stam egucation
stlepce
Stam @roject e Plgation : )
Ingeiry Priysics
~ gy
implemggritation
develgpment Smgde!
stem approach medium
affgct
outeriv lea@irg oo
saence adycation Erncal thinking
SYslematic review w.
addgon Dwt
analysis Stu‘d.’r" sclencelearning
HISraturs review
integration learning mode!
Creativity
e 4 SYSTRMAnc htarature review
% [

VOSviewe

20220 2022.% J023.1 20238 20248.(

Figure 4. Overlay visualization on trend improving generic science skills through interactive web-based STEM-PjBL hybrid
model of material physics with deep learning approach research

Research on improving generic science skills
through an interactive web-based STEM-PjBL hybrid
model in materials physics with a deep learning
approach is one area of research that has developed
rapidly in recent years. The following section also

presents keywords related to research on improving
generic science skills through an interactive web-based
STEM-PjBL hybrid model in materials physics with a
deep learning approach, based on density visualization.
Figure 5 shows the density visualization. The density of
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research themes is shown in bright yellow. The brighter
the color of a theme, the more extensively it has been
researched. Fainter colors indicate that the theme has
been less frequently studied (Kaur et al., 2022; Liao et al.,
2018). Faintly colored themes show that these keywords
may serve as references for further research, while
yellow indicates keywords that are currently and
frequently used in research (Doyan et al., 2025).

Empirical Evidence: Impact on Generic Science Skills
Empirically, the reviewed studies consistently
report significant improvements in students’ generic
science skills when STEM-PjBL is supported by
interactive digital environments (Sukmawati et al.,
2025). Skills such as scientific observation, logical

I"a't, VOSviewer

Figure 5. Density visualization on improving generic science skills through interactive web-based STEM-PjBL hybrid model of
material physics with deep learning approach research

Implications for Educational Practice and Research

The findings have several important implications.
First, for educational practice, the Hybrid STEM-PjBL
model provides a scalable and adaptive framework for
developing generic science skills aligned with 21st-
century  competencies. Physics educators are
encouraged to integrate web-based platforms that
support inquiry visualization, collaborative design, and
adaptive feedback. Second, for curriculum design, the
results highlight the necessity of embedding Al-driven
learning analytics within STEM-PjBL environments to
support personalized learning pathways. This is
particularly relevant in higher education and teacher
training programs, where learner diversity is
pronounced. Third, for future research, there is a critical
need for longitudinal and design-based research

Volume 12, Issue 2, 15-26

inference, causal reasoning, and system modeling
showed the strongest gains. Studies incorporating
adaptive or Al-supported features demonstrated higher
learning gains and reduced performance gaps among
learners with diverse prior knowledge (Gligorea et al.,
2023). This suggests that deep learning-enhanced
platforms can mitigate common challenges in PjBL, such
as cognitive overload and uneven group participation.
In the context of materials physics learning, web-based
STEM-PJBL was particularly effective in supporting
conceptual understanding of micro-macro relationships
and abstract concepts (Yanti et al, 2023). These
outcomes reinforce the argument that generic science
skills are best developed through iterative inquiry cycles
supported by intelligent digital scaffolds.

examining how deep learning models influence the
sustainability of generic science skill development.
Empirical validation through mixed-methods and
learning analytics-based studies will strengthen the
evidence base and support broader adoption. Overall,
the Hybrid Review confirms that STEM-PjBL, when
enhanced with web interactivity and deep learning
approaches, represents a robust pedagogical innovation
for improving generic science skills. While existing
studies provide strong empirical support for STEM-
PjBL and digital learning integration, the incorporation
of deep learning remains an emerging frontier.
Addressing this gap offers substantial potential to
advance science education toward intelligent, adaptive,
and competency-oriented learning systems.
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Conclusion

This study demonstrates that the integration of
STEM education, Project-Based Learning (PjBL), and
web-based interactive learning environments is highly
effective in enhancing students’ generic science skills,
particularly scientific reasoning, problem-solving, and
data interpretation. Through a Hybrid Review approach
combining  Systematic  Literature Review and
Bibliometric Review, this research confirms that STEM-
PjBL provides a strong pedagogical foundation for
inquiry-driven and competency-oriented science
learning. The findings further indicate that web-based
interactivity plays a crucial role in supporting
conceptual understanding in materials physics learning
by enabling visualization, collaboration, and iterative
inquiry processes. Moreover, the incorporation of deep
learning  approaches represents a  significant
advancement by offering adaptive scaffolding and
personalized feedback aligned with learners’ cognitive
development. Despite its strong potential, the
application of deep learning in STEM-PjBL contexts
remains limited, highlighting a clear research gap. In
conclusion, the synergy of STEM-PjBL, interactive web
technologies, and deep learning offers a promising and
scalable framework for advancing generic science skills
in science education. Future studies should focus on
empirical validation and longitudinal implementation to
strengthen the evidence base and expand the
applicability of this hybrid model across educational
contexts.
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