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Abstract: Vector learning is a fundamental component of physics and
engineering but is often perceived as difficult due to its abstract concepts.
This study aims to map publication trends, instructional models, and the
effectiveness of vector learning from 2016 to 2025 through a systematic
literature review and limited meta-analysis. Twenty-one articles from
Scopus, Sinta 1-2, and DOA] were analyzed using the PRISMA protocol.
Seven quantitative studies were synthesized through meta-analysis using
JASP, while fourteen were reviewed narratively. The findings show a steady
increase in publications, with notable peaks in 2018 and 2020. Problem-
based learning and augmented reality emerged as the most widely
implemented instructional approaches. The pooled effect size indicates a
large impact (d = 1.01), with augmented reality (d = 0.74) and blended
learning (d = 0.62) showing high effectiveness. Narrative synthesis
highlights conceptual difficulties, ongoing media innovation, and the
development of supporting teaching materials. The study concludes that
vector learning research remains active but requires further exploration in
Al integration, web-based gamification, and long-term retention
assessment.

Keywords: Augmented reality; Meta-analysis; Problem-based learning;
Systematic literature review; Vector learning

Introduction 2024; Addae, 2025; Chhabra & Das, 2023; Bahtaji, 2023;
Zavala & Barniol, 2010; Rodriguez-Nieto et al., 2024).
Vector learning is fundamental in mathematics and To address these challenges, instructional

engineering education, supporting the understanding of
advanced topics such as particle dynamics,
electromagnetic fields, and fluid mechanics (Hoyer &
Girwidz, 2024; Choi & Yun, 2019; Zavala & Barniol,
2010). Nevertheless, students frequently struggle with
vector operations, spatial representations, and
transitions among symbolic, graphical, and geometric
forms, compounded by misconceptions like conflating
scalar and vector addition or misinterpreting dot and
cross  products, which  impede  conceptual
understanding in STEM courses (Hoyer & Girwidz,

How to Cite:

innovations such as dynamic visualization tools,
augmented reality (AR), tangible robotics, and gamified
learning environments have been implemented to
enhance conceptual reasoning and engagement (Mufioz
et al., 2016; Ziatdinov & Valles, 2022; Arbain & Shukor,
2025). Web-based learning media also improve
understanding of abstract concepts and problem-solving
in STEM subjects, including physics topics like sound
waves (Maryani et al., 2022; Zulfira et al., 2024; Zamista
& Azmi, 2023).

Despite these advances, comparative evaluations
remain limited, particularly in technical disciplines such
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as mining and mechanical engineering. Research from
2016-2025 shows growth in vector learning studies,
driven by emerging technologies and interdisciplinary
approaches. AR enhances spatial visualization and
problem-solving, while tangible robots support learners’
transition from concrete to abstract reasoning (Volodin
etal., 2025; Guntur & Setyaningrum, 2021). In Indonesia,
physics education research largely focuses on cognitive
learning outcomes using quantitative and quasi-
experimental approaches at the secondary education
level (Nabilah & Jumadi, 2022), a trend also confirmed
by recent systematic literature reviews (Fitriah et al.,
2025).

A preliminary scan of Scopus and Web of Science
shows increased publications and citations, yet studies
are fragmented, focusing on isolated methods, single-
level populations, or context-specific implementations,
with few quantifying effect sizes via meta-analysis. Prior
reviews are outdated, limited to theory, or lack statistical
synthesis, highlighting the need for a comprehensive,
evidence-based overview to inform pedagogy,
curriculum, and future research.

This study’s novelty lies in combining a systematic
literature review with a limited meta-analysis of vector
learning research (2016-2025), mapping instructional
models such as AR, blended learning, and PBL, while
providing pooled effect sizes. It integrates multiple
educational  contexts,  highlights  contemporary
innovations, identifies persistent difficulties, and
uncovers underexplored areas like Al integration, web-
based gamification, and long-term retention. Guided by
PRISMA (Moher et al., 2009), this study addresses four
research questions: publication trends, instructional
models and outcomes, most effective methods, and
implications for future research and practice.

Overall, consolidating a decade of diverse research
offers educators, researchers, and policymakers
structured evidence to design effective, technology-
enhanced vector learning strategies, clarifying what
works, for whom, and under which conditions, thereby
advancing STEM and engineering education.

Method

Research design and method should be clearly
defined. This study employed a Systematic Literature
Review (SLR) combined with a limited meta-analysis to
address the research questions. The literature search was
conducted in three major databases: Scopus (via Publish
or Perish), Sinta (rank 1-2), and DOA], covering
publications from 2016 to 2025. The keywords used were
“Vector learning,” “Vector education,” and “Teaching
vector.”

The initial search identified 233 articles from
Scopus (filtered to 6 relevant studies), 5 articles from
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Sinta, and 10 articles from DOAJ (from an initial 144).
After deduplication and screening using predefined
inclusion-exclusion criteria, a total of 21 articles were
retained for analysis. Among these, seven quantitative
studies were subjected to a meta-analysis using JASP
software, while the remaining fourteen studies were
analyzed through narrative synthesis.

The inclusion criteria were as follows: (1) published
between 2016-2025; (2) the main topic focused on vector
learning; (3) published in Scopus- or Sinta 1/2-indexed
journals; (4) written in English or Indonesian; (5)
discussing instructional models, media, learning
outcomes, or educational trends; and (6) empirical in
nature (quantitative, qualitative, or R&D). The exclusion
criteria were: (1) not primarily focused on vector
learning; (2) not a journal article; (3) full text not
available; (4) lacking empirical data; or (5) published
outside the defined time frame.

The article selection process was visualized using a
PRISMA flow diagram (Figure 1), illustrating the four
stages of identification, screening, eligibility, and inclusion.
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Figure 1. PRISMA flowchart of the study selection process

From an initial 460 records identified across
databases, 40 duplicates were removed, leaving 420
articles for screening. At this stage, 46 records were
excluded, resulting in 50 full-text articles assessed for
eligibility. Of these, 25 were excluded (17 did not focus
on vector learning and 8 were not empirical studies).
Finally, 21 articles met the inclusion criteria and were
retained for review.

A bibliographic summary of the included studies is
presented in Table 1, which provides an overview of the
article titles, years of publication, authors, and source
databases. Further details, such as research design,
instructional models, media, and reported learning
outcomes, were analyzed but are not displayed in the
table for clarity. These data served as the basis for the
descriptive analysis, meta-analysis, and narrative
synthesis presented in the subsequent sections.
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Table 1. Summary of 21 Selected Articles (Condensed Version)

Authors (year)

title (shortened)

database / doi

Mushlihuddin, Nurafifah & Irvan
(2018)
Dubey & Barniol (2023)

Puri, Jumadi & Wiyatmo (2025)
Campos, Hidrogo & Zavala (2022)
Asshaari et al. (2024)

Sharifov (2020)
Pratama, Larasati & Khotimah (2020)

Tasman et al. (2021)
Saifullah, Sutopo & Wisodo (2017)

Suana et al. (2017)

Problem-based learning on vector

Personalized adaptive learning for

Head-to-tail method in physics tasks
TORIQ: Android-based vector

Blended learning in calculus vector
Students’ difficulties in impulse &
momentum

Schoology-based blended learning

DOI: 10.1088/1742-6596 /948 /1 /012028
analysis
DOI: 10.1088/1361-6404 / ace826
vectors

PBL-SSI worksheet on sand mining https:/ /jurnal.ustjogja.ac.id/index.php/compton
Virtual reality in vector learning
Cooperative learning in vector

DOI: 10.3389/feduc.2022.965640
DOI: 10.17576 /jkukm-2024-36(6)-12
calculus

DOI: 10.15294 /jpfi.v16i2.25395

DOI: 10.1088 /1742-6596 /1613 /1 /012052
learning

DOI: 10.1088/1742-6596 /1742 /1 /012006

DOI: 10.15294 /jpii.v6i1.9593

DOI: 10.15294 /jpii.v6i1.7205

media

Atsnan (2016) CPS-based vector learning device DOI: 10.21831/jrpm.v3i1.10406

Argarini & Sulistyorini (2018) Prezi-based media for vector analysis Google Scholar

Jana & Sugiyarta (2018) Flashcard-assisted active learning in Google Scholar
vectors

Saumi, Muliani & Amalia (2022) AR-based e-module for vector Google Scholar

Subali et al. (2019) Teaching aids for resultant force Google Scholar
vectors

Zhao (2024) Concreteness fading in vector Google Scholar
addition

Fernandez-Cézar et al. (2020) Teaching vector spaces from real Google Scholar
problems

Heckler & Mikula (2016) Factors affecting computer-based Google Scholar
vector math

Bollen et al. (2016) Students’” use of divergence & curl Google Scholar

Klein et al. (2020) Eye-tracking in visual interpretation Google Scholar
of divergence

Veasna (2020) Students’ difficulty in geometry & Google Scholar

vectors

Result and Discussion

Publication Trends

e

2 14
[}

) !
«
A
3
g 2|
|
1
y | l I . . . .
M16 Mis J02¢ 022 024
wal

Figure 2. Publication trend of vector learning research during
2016-2025

Analysis of the selected articles indicates a steady
growth of research on vector learning between 2016 and
2025, with notable peaks in 2018 (3 articles) and 2020 (4

articles) (Figure 2). This reflects increasing scholarly
concern with the conceptual difficulties students face in
mastering vectors, particularly in directionality,
operations, and representation. Several studies (Sabah,
2023; Khumaidi et al, 2022) highlight persistent
misconceptions, suggesting that conventional teaching
methods are insufficient. In response, innovative
approaches such as 3D models (McNaughtan et al., 2021)
and simulation-based learning (Lasisi et al., 2025) have
emerged, emphasizing the shift toward technology-
supported instruction.

Learning Models and Learning Outcomes

Problem-Based Learning (PBL) and its variants
(PBL-SSI, PBL-NP) dominated the reviewed studies and
consistently yielded moderate-to-high N-Gain scores,
improving both problem-solving and conceptual
understanding. For example, Mushlihuddin et al. (2018)
reported significant gains in vector analysis, while
Wijnia et al. (2024) observed higher motivation and
achievement in experimental groups. Alongside PBL,
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technology integration played a crucial role. Studies
using Augmented Reality (AR), Virtual Reality (VR),
Android apps, and presentation tools (e.g., Prezi)
reported enhanced spatial ~ reasoning  and
comprehension (Guntur & Setyaningrum, 2021; Langer
et al, 2020). Other strategies—blended learning,
cooperative learning, flashcards, and concreteness
fading (Zhao, 2024)—further scaffolded students’
transition from concrete to abstract thinking.

Figure 3 summarizes the distribution of
instructional models, showing PBL as dominant,
followed by blended learning, digital media, and
representational scaffolds. Reported outcomes include
improved conceptual mastery, problem-solving, and
motivation, alongside validation of the practicality and
effectiveness of instructional materials.

Learning Models and Learning
Outcomes

+ Conceptual understanding
- Spatial reasoning

Problem-based .
. Problem-solving abdity

Blended
14% learning

! Exam
performa
nce

1%

Digatal
media

Represetetational

Cooperative & scaffolds

active learming
5 9 . Exam performance

« Exam performance

Figure 3. Distribution of instructional models in reviewed
studies

Effectiveness of Instructional Models

Seven quantitative studies qualified for meta-
analysis, yielding a pooled effect size of d = 1.01 (95% CI
= 0.693-1.328; p < .001), categorized as large (Cohen,
1988). This underscores the substantial impact of PBL
and digital media integration on vector learning. The
result aligns with earlier findings in STEM education
(Hake, 1998) and is consistent with individual studies
such as Mushlihuddin et al. (2018), which reported
significant improvements in mathematical problem-
solving.

The heterogeneity test (Q. = 0.932, df = 6, p =0.988;
© = 0) indicates negligible variation, suggesting
consistent effectiveness across contexts. This robustness
is echoed in Zhao (2024), who found concreteness fading
to be effective across diverse groups.
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Figure 4. Forest plot of meta-analysis on effect sizes of vector
learning models

Recommendations for Future Research and Practice

While current evidence supports the effectiveness
of problem-based and technology-enhanced models,
gaps remain. Most studies emphasize short-term
outcomes, with limited attention to long-term retention.
Technology use is largely confined to AR, VR, and
mobile apps, with little exploration of web-based
gamification, Al or adaptive learning. Research contexts
are also concentrated in high schools and early
university cohorts, with few vocational or cross-cultural
studies.

Future work should investigate long-term learning
retention, expand into underrepresented contexts, and
explore novel tools such as gamified web platforms and
Al-driven adaptive learning. Practically, educators are
encouraged to integrate PBL with interactive visual
media (AR/VR) and formative online assessments to
foster deeper conceptual understanding, motivation,
and sustained engagement.

Discussion

The meta-analysis shows a large overall effect size
(d = 1.01) for innovative vector learning approaches,
particularly Augmented Reality (AR), Blended
Learning, and Problem-Based Learning (PBL) (Cohen,
1988; Dubey & Barniol, 2023; Tasman et al., 2021;
Mushlihuddin et al, 2018). AR demonstrates the
strongest impact on spatial visualization and conceptual
understanding (Guntur & Setyaningrum, 2021; Langer
et al, 2020), while PBL effectively promotes active
knowledge construction and problem-solving (Magaji,
2021; Wijnia et al., 2024; Yanti, Rahmad, & Azhar, 2023;
Dewi et al., 2023). Blended learning offers moderate but
consistent gains.

Effectiveness appears to vary by educational
context. Most studies were conducted at senior high
school and early university levels, with limited evidence
in vocational or engineering-specific settings (Veasna,
2024; Subali et al., 2019). Web-based gamification, such
as mobile TORIQ media, shows promising engagement
and learning outcomes compared to conventional
approaches (Pratama et al., 2020; Sharifov, 2020; Silfiani,
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Jasruddin, & Amin, 2022; Matsun et al., 2022; Setiaji et
al., 2025; Rahman et al., 2021).

Despite positive results, most studies rely on short-
term post-tests, and quasi-experimental designs
dominate, limiting insight into long-term retention and
cognitive processes (Sabah, 2023; Saifullah et al., 2017;
Heckler & Mikula, 2016). Future research should
examine interactions between instructional methods,
learner profiles, and STEM disciplines.

Practically, educators should integrate AR, PBL,
and blended learning to strengthen conceptual
understanding and problem-solving (Campos et al.,
2022; Susilawati et al., 2022; Mushlihuddin et al., 2018).
Media developers and curriculum designers can align
tools with cognitive principles, especially for spatial
topics (Ziatdinov & Valles, 2022; Zhao, 2024). Expanding
studies into vocational and engineering contexts will
enhance relevance for technical disciplines (Volodin et
al., 2025; Saumi et al., 2022).

Conclusion

This review analyzed 21 studies on vector learning
published between 2016 and 2025. The findings show an
increasing research trend, with Problem-Based
Learning, Augmented Reality, and blended learning
emerging as the most widely used instructional models.
Meta-analysis results indicate a large pooled effect (d =
1.01), confirming that innovative and technology-
supported approaches significantly improve students’
conceptual understanding and spatial reasoning. These
results align with cognitive learning theory, which
emphasizes the role of interactive and multimodal
representations in supporting abstract reasoning.
Although the findings are promising, most studies
remain limited to general STEM contexts, affecting the
generalizability of the results. Practically, this review
suggests that educators integrate active and technology-
enhanced methods to strengthen vector learning
outcomes. Future research is encouraged to explore Al-
based adaptive systems, web-based gamification, and
long-term retention assessment, especially in vocational
and engineering education where vector competence is
essential.

Acknowledgments

The authors would like to express sincere gratitude to the
Institute for Research and Community Service (LPPM),
Universitas Negeri Padang, for the institutional support and
facilities provided during this research.

Author Contributions

Denal Mulia contributed to the conceptualization of the study,
literature review, data analysis, and drafting of the
manuscript; Fadhilah contributed to research supervision,
methodology refinement, correspondence with the journal,

December 2025, Volume 11, Issue 12, 52-58

and critical revision of the manuscript; Dedy Irfan contributed
to data interpretation, validation of findings, and technical
review of the manuscript.

Funding

This research was funded by the Institute for Research and
Community Service (LPPM), Universitas Negeri Padang,
under Contract Number: 2112 /UN35.15/LT/2025.

Conflict of Interest
The authors declare no conflict of interest.

References

Addae, R. K. (2025). Application of GeoGebra to the
teaching of vector algebra. International Journal of
Research Publication and Reviews, 6(4), 15468-15483.
https:/ /doi.org/10.55248 / gengpi.6.0425.1688

Bahtaji, M. A. A. (2023). Examining The Physics
Conceptions, Science Engagement  And
Misconceptions Of Undergraduate Students In
STEM. Journal of Baltic Science Education, 22(1), 10-
19. https:/ /doi.org/10.33225/jbse/23.22.10

Campos, E., Hidrogo, 1., & Zavala, G. (2022). Impact of
virtual reality use on the teaching and learning of
vectors. Frontiers n Education, 7.
https:/ /doi.org/10.3389/feduc.2022.965640

Chhabra, M., & Das, R. (2023). Students” understanding
of electrostatic force as a vector quantity at the
undergraduate level. Physics Education, 58(3),
035016. https://doi.org/10.1088/1361-
6552/ acc0c2

Choi, Y.-D., & Yun, H.-J. (2019). Vector Field Platform for
Visualizing Electric and Magnetic Fields in Matter
using Mathematica. Journal of the Korean Physical
Society, 74(6), 530-541.
https://doi.org/10.3938 /jkps.74.530

Cohen, J. (1988). Statistical power analysis for the behavioral
sciences (2nd ed.). Routledge.

Dewi, W. S, Siregar, R., Putra, A., & Hidayati, H. (2023).
Effect of Problem-Based Learning Model on
Students’” Physics Problem Solving Ability: A
Meta-Analysis. Jurnal Penelitian Pendidikan IPA,
9(4), 2103-2109.
https://doi.org/10.29303 /jppipa.v9i4.3291

Dubey, A., & Barniol, P. (2023). Enhancing students’
understanding of vectors through personalized
adaptive learning. European Journal of Physics, 44(5),
055704. https:/ /doi.org/10.1088/1361-
6404/ ace826

Fitriah, L., Yuliati, L., Parno, P., Sunaryono, S., & Taufiq,
A. (2025). Indonesian Local Wisdom-Based Physics
Learning: Strategy and Medjia. Journal of Education
Culture and Society, 16(1), 335-364.
https:/ /doi.org/10.15503 /jecs2025.2.335.364

Guntur, M. 1. S, & Setyaningrum, W. (2021). The

56



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Effectiveness of Augmented Reality in Learning
Vector to Improve Students’ Spatial and Problem-
Solving Skills. International Journal of Interactive
Mobile  Technologies  (IJIM),  15(05),  159.
https:/ /doi.org/10.3991/1jim.v15i05.19037

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/10.1119/1.18809

Heckler, A. F., & Mikula, B. D. (2016). Factors affecting
learning of vector math from computer-based
practice:  Feedback complexity and prior
knowledge. Physical Review Physics Education
Research, 12(1), 010134.
https:/ /doi.org/10.1103 /PhysRevPhysEducRes.1
2.010134

Hoyer, C., & Girwidz, R. (2024). Vector representations
and unit vector representations of fields: Problems
of understanding and possible teaching strategies.
Physical Review Physics Education Research, 20(1),
010150.
https:/ /doi.org/10.1103 /PhysRevPhysEducRes.2
0.010150

Khafidh, A. N., Widyawati, F., Najarudin, Yani, S.,
Nuraeni, Y., Indrawati, Inesrawanti, V., Salam, H.
A., & Damayanti, F. (2025). Pemanfaatan Game
Based Learning dan Gamifikasi Adaptif dalam
Pembelajaran STEM. Jurnal Pengabdian Masyarakat
Dan  Riset  Pendidikan,  4(2),  9468-9477.
https://doi.org/10.31004/jerkin.v4i2.3419

Langer, K., Lietze, S., & Krizek, G. C. (2020). Vector AR3-
APP &amp;ndash; A Good-Practice Example of
Learning with Augmented Reality. European
Journal of Open, Distance and E-Learning, 23(2), 51-
64. https:/ /doi.org/10.2478 / eurodl-2020-0010

Magaji, A. (2021). Promoting Problem-Solving Skills
among Secondary Science Students through
Problem Based Learning. International Journal of
Instruction, 14(4), 549-566.
https:/ /doi.org/10.29333/1ji.2021.14432a

Maryani, M., Nisak, M. S, & Supriadi, B. (2022).
Implementasi Media Pembelajaran Berbasis Web
Google Sites Untuk Meningkatkan Kemampuan
Memecahkan Masalah Siswa SMA Pokok Bahasan
Gelombang Bunyi. Jurnal Penelitian Pendidikan IPA,
8(4), 2430-2438.
https:/ /doi.org/10.29303/jppipa.v8i4.2037

Matsun, M., Hadiati, S., & Fajar Saputri, D. (2022).
Development of IoT-Based Physics Learning
Media and Its Effect on Students” Critical Thinking
Ability. Jurnal Penelitian Pendidikan IPA, 8(5), 2241~
2246. https:/ /doi.org/10.29303/jppipa.v8i5.2284

Moher, D., Liberati, A., Tetzlaff, ]., & Altman, D. G.
(2009). Preferred Reporting Items for Systematic

December 2025, Volume 11, Issue 12, 52-58

Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Medicine, 6(7), €1000097.
https://doi.org/10.1371/journal.pmed.1000097

Mufioz, J., Cowling, M., & Birt, J. (2016). Using
Gamification and Mixed Reality Visualization to
Improve Conceptual Understanding in ICT System
Analysis and Design. ASCILITE Publications, 455-
460. https:/ /doi.org/10.14742 / apubs.2016.844

Mushlihuddin, R., Nurafifah, & Irvan. (2018). The
effectiveness of problem-based learning on
students” problem solving ability in vector analysis
course. Journal of Physics: Conference Series, 948(1),
012028. https:/ /doi.org/10.1088 /1742-
6596,/948/1/012028

Nabilah, R. S., & Jumadi, J. (2022). Study of Content
Analysis: Trends of Educational Research for
Physics Courses in Indonesia. Jurnal Penelitian
Pendidikan IPA, 8(1), 393-400.
https:/ /doi.org/10.29303 /jppipa.v8il.1293

Pratama, R. A., Larasati, D., & Khotimah, H. (2020).
TORIQ: Android-based mobile learning for vector
lessons. Journal of Physics: Conference Series, 1613(1),
012052. https:/ /doi.org/10.1088 /1742-
6596,/1613/1/012052

Rahman, M. M., Doyan, A., & Sutrio, S. (2021). Efektifitas
Perangkat Pembelajaran Pendekatan Multi
Representasi Berbantuan Video Untuk
Meningkatkan Kemampuan Berpikir Kritis Peserta
Didik.  Jurnal  Penelitian  Pendidikan  IPA,
7(Speciallssue), 56-60.
https:/ /doi.org/10.29303 /jppipa.v7iSpeciallssue.
1063

Rodriguez-Nieto, C. A., Gonzalez, H. A. C,, Arenas-
Pefialoza, J., Schnorr, C. E., & Moll, V. F. (2024).
Onto-semiotic analysis of Colombian engineering
students” mathematical connections to problems-
solving on vectors: A contribution to the natural
and exact sciences. Eurasia Journal of Mathematics,
Science and  Technology  Education,  20(5).
https:/ /doi.org/10.29333/ ejmste /14450

Sabah, S. (2023). Science and engineering students’
difficulties in understanding vector concepts.
Eurasia  Journal of Mathematics, Science and
Technology Education, 19(8), em?2310.
https:/ /doi.org/10.29333/ejmste /13431

Saifullah, A. M., Sutopo, S., & Wisodo, H. (2017). SHS
Students” Difficulty in Solving Impulsee and
Momenyum Problem. Jurnal Pendidikan IPA

Indonesia, 6(1), 1-8.
https://doi.org/10.15294 /jpii.v6i1.9593
Saumi, F. Muliani, F, & Amalia, R. (2022).

Pengembangan E-Modul Berbasis Augmented
Reality Dengan Model Guided Discovery Learning
Pada Materi Vektor. AKSIOMA: Jurnal Program
Studi  Pendidikan = Matematika, 11(4), 3850.

57



Jurnal Penelitian Pendidikan IPA (JPPIPA)

https://doi.org/10.24127 / ajpm.v11i4.6066

Setiaji, B., Fatmah, E. N., Pujianto, P., Perdana, R,
Mas’ulah, N. F., Nauli, H., Pitono, A. P. C,
Widyaningtyas, F. S, & Wiyatmo, Y. (2025).
Development of Artificial Intelligence (Al)-Based
Physics Learning Media Integrated with Bakpia:
Expert Feasibility Test. Jurnal Penelitian Pendidikan
IPA, 11(6), 965-975.
https:/ /doi.org/10.29303 /jppipa.v11i6.10847

Sharifov, G. M. (2020). The Effectiveness of Head-To-Tail
Method in Solving Challenging Physics Tasks.
Jurnal Pendidikan Fisika Indonesia, 16(2), 132-139.
https:/ /doi.org/10.15294 /jpfi.v16i2.25395

Silfiani, S., Jasruddin, J., & Amin, B. D. (2022).
Development of VideoScribe Assisted Learning
Media to Improve Understanding of Physics
Concepts. Jurnal Penelitian Pendidikan IPA, 8(6),
2995-3000.
https:/ /doi.org/10.29303 /jppipa.v8i6.2064

Subali, B., Nikmah, F., Sumpono, I, & Siswanto, S.
(2019). The Design of Resultant Force Vector
Teaching AIDS For Senior High School Students.
Jurnal Ilmiah Pendidikan Fisika Al-Biruni, 8(1), 99.
https:/ /doi.org/10.24042 /jipfalbiruni.v8il.3654

Susilawati, S., Rahmana, F., Kosim, K., & Muliyadi, L.
(2022). Practicality of Problem-Based Physics
Learning Tools with Video Assistance to Improve
Problem-Solving Ability of Students. Journal of
Science and Science Education, 3(1), 55-59.
https://doi.org/10.29303 /jossed.v3il.1614

Tasman, F., Ahmad, D., Rifandi, R., & Sari, W. W. (2021).
The Effect of Blended Learning on Student
Learning Outcomes in Calculus Vector Course.
Journal of Physics: Conference Series, 1742(1), 012006.
https:/ /doi.org/10.1088/1742-
6596,/1742/1/012006

Veasna, S. (2024). Analyzing students’ difficulty in
learning geometry at upper secondary school in
Cambodia: A case study on vectors. Universal
Journal of Educational Research, 3(3), 202-217.
https:/ /doi.org/10.17613/atwk-nq16

Volodin, S., Khodr, H., Dillenbourg, P., & Johal, W.
(2025). Going Down the Abstraction Stream with
Augmented Reality and Tangible Robots: the Case of
Vector Instruction.
https:/ /doi.org/10.48550/ arXiv.2504.14562

Wijnia, L., Noordzij, G., Arends, L. R., Rikers, R. M. ]. P,,
& Loyens, S. M. M. (2024). The Effects of Problem-
Based, Project-Based, and Case-Based Learning on
Students” Motivation: a Meta-Analysis. Educational
Psychology Review, 36(1), 29.
https:/ /doi.org/10.1007 /s10648-024-09864-3

Yanti, N., Rahmad, M., & Azhar. (2023). Application of
PjBL (Project Based Learning) Based Physics
Learning Model to Improve Collaboration Skills

December 2025, Volume 11, Issue 12, 52-58

and Creative Thinking Ability of Students. Jurnal
Penelitian  Pendidikan IPA, 9(11), 9973-9978.
https://doi.org/10.29303 /jppipa.v9il1.5275

Zamista, A. A., & Azmi, K. (2023). Digital Learning: How
the Process Enhances Students” Digital Literacy.
Jurnal Penelitian Pendidikan IPA, 9(9), 7189-7195.
https:/ /doi.org/10.29303 /jppipa.v9i9.5401

Zavala, G., & Barniol, P. (2010). Students” understanding
of the concepts of vector components and vector
products. AIP Conference Proceedings, 1289, 341-
344. https:/ /doi.org/10.1063/1.3515240

Zhao, Y. (2024). From Tiles to Worksheet: Exploring
Concreteness Fading in Learning Vector Addition.
Education Sciences, 14(7), 730.
https:/ /doi.org/10.3390/ educsci14070730

Ziatdinov, R.,, & Valles, J. R. (2022). Synthesis of
Modeling, Visualization, and Programming in
GeoGebra as an Effective Approach for Teaching
and Learning STEM Topics. Mathematics, 10(3), 398.
https:/ /doi.org/10.3390/ math10030398

Zulfira, R., Halim, A., Khaldun, 1., Mahzum, E., Nazar,
M., & Kasli, E. (2024). Effect of Interactive Learning
Media Using Visual Basic for Application Excel
Spreadsheet to Reduce Misconception in Physics
Learning. Jurnal Penelitian Pendidikan IPA, 10(1),
28-36.
https://doi.org/10.29303 /jppipa.v10i1.6387

58



