nternational Journal of N - 0264300

- Index: Harvard, Boston, Sydney
Education, Management, and TechnologyEs=aetaeaes

https://doi.org/10.58578 /IJEMT .v3i2.5620

Integrating PjBL-STEAM with Balinese Meru Architecture to
Enhance Students' Mathematical Conceptual Understanding

Putu Eka Widyantini Putri', I Wayan Puja Astawa’®, I Gusti Putu Suharta’
Universitas Pendidikan Ganesha, Indonesia
cka.widyantini@undiksha.ac.id; puja.astawa@undiksha.ac.id

Article Info:

Submitted: Revised: Accepted: Published:
Apr 5, 2025 Apr 20, 2025 May 1, 2025 May 6, 2025
Abstract

Traditional mathematics education often struggles to connect abstract concepts
with real-world relevance, particularly in geometry, where students find it
challenging to visualize spatial relationships and applications. This study
addresses this gap by integrating Balinese Meru temple architecture into a
Project-Based Learning (PjBL) model infused with STEAM (Science,
Technology, Engineering, Arts, Mathematics) to improve students’ conceptual
understanding of geometry. A quasi-experimental post-test-only control group
design was employed, involving 63 eighth-grade students (31 in the experimental
group and 32 in the control group) at SMP Negeri 1 Singaraja, Indonesia. The
experimental group participated in PjBL-STEAM activities exploring Merx
temple geometry, while the control group received conventional instruction.
Data were collected through post-tests assessing conceptual understanding,
analyzed using independent sample t-tests, and supplemented with observations
and interviews. Results indicated that the PjBL-STEAM approach incorporating
Mern temple geometry significantly outperformed conventional methods, with
the experimental group achieving a higher mean score (81.84 vs. 73.05, p =
0.024). Students demonstrated an improved ability to articulate geometric
concepts, identify relevant examples, and apply their knowledge within cultural
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contexts. The study concludes that culturally contextualized PjBL-STEAM
enhances conceptual mastery by bridging abstract mathematics with tangible
cultural artifacts, suggesting its potential for broader application in other
educational areas.

Keywords: PjBL-STEAM, Ethnomathematics, Conceptual Understanding,
Mern Bali, Geometry Education

INTRODUCTION

Mathematics education faces persistent challenges in fostering meaningful
conceptual understanding, specifically in geometry, where students often perceive the subject
as abstract and disconnected from real-world settings (Gilburnu & Yildirim, 2021; Suarsana
& Mahayukti, 2013). In Indonesia, this issue is eescalated by a practice of rote learning and
teacher-centered methods, limiting students’ ability to apply mathematical concepts
(Arisetyawan, 2015; Putri, 2021). For instance, (Abi, 2017) found that 65% of Indonesian
students struggle with geometry due to its abstract presentation, reinforcing the need for

innovative, culturally grounded teaching strategies.

Accordingly, researchers advocate for interdisciplinary and project-based approaches
that integrate local cultural contexts into mathematics education. Degeng et al. (2021) several
evidences (Chistyakov et al., 2023; Han et al., 2015; Lou et al., 2012; Lu et al., 2022; Zayyinah
et al.,, 2022) argue that STEAM (Science, Technology, Engineering, Arts, Mathematics)
frameworks, combined with Project-Based Learning (PjBL), can enhance conceptual
understanding by fostering creativity and real-world problem-solving. In the same manner,
Wardanaa et al. (2021) demonstrate that ethnomathematics linking mathematical concepts to
cultural artifacts, improves student engagement and comprehension. These studies show the
potential of culturally responsive pedagogy but reveal a gap in empirical evidence on its

effectiveness in geometry education, particularly in Indonesia.

Previous research has explored PJBL-STEAM and ethnomathematics separately, yet
few studies combine these approaches to address geometry learning challenges. For example,
Yanti et al. (2021) showed that PjBL-STEAM improved problem-solving skills and
conceptual, while Putri (2021) confirmed that ethnomathematics based on Mem temple
architecture increased student motivation. However, neither study examined the synergistic

effect of these methodologies on conceptual understanding. This research bridges that gap
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by employing the PjBL-STEAM model contextualized with Meru Bali’s geometric principles,
grounded in constructivist theory and the NCTM (Saleh Haji, 2019) standards for conceptual
learning. The novelty lies in its dual focus: (1) leveraging Meru’s architectural geometry (e.g.,
proportional #7 angga structure, asta kosala-kosali measurements) as a cultural scaffold for
abstract concepts, and (2) empirically testing the model’s impact through quasi-experimental

design.

This study focuses on evaluating how the PjBL-STEAM Merx Bali model influences
eighth-grade students’ ability to understand, apply, and communicate geometric concepts. It
addresses the research question: Does the PjJBL-STEAM model using Merx Bali’s cultural
context significantly improve students’ mathematical conceptual understanding compared to
conventional methods? By answering this, the study aims to contribute a replicable
framework for integrating cultural heritage into mathematics education while addressing

global calls for contextualized learning.

METHODS

This study employed a quasi-experimental post-test-only control group design to
investigate the effectiveness of the PjBL-STEAM Merx Bali model in enhancing students'
mathematical conceptual understanding. The research involved 63 eighth-grade students (31
in the experimental group and 32 in the control group) from SMP Negeri 1 Singaraja,
Indonesia, selected through cluster random sampling to ensure comparable academic levels.
The experimental group participated using the PjBL-STEAM model that integrated the
geometry of Balinese Meru temples, while the control group received conventional
instruction on the same topics. Data were collected through a validated post-test assessing
three aspects of conceptual understanding based on NCTM (Muhamad, 2016; Saleh Haji,
2019; Sti & Asih, 2017; Umbara et al., 2021) standards: restating concepts, identifying
examples/non-examples, and applying concepts to real-wotld problems. Classroom
observations documented student engagement during activities, and semi-structured
interviews with students explored their perceptions of the cultural context. Quantitative data
were analyzed using independent sample t-tests after confirming normality and homogeneity
of variance. The study was implemented over an eight-week period (January, 30" -March, 1*
2023), comprising two weeks for instrument preparation, four weeks of instructional

intervention, one week for post-testing and interviews, and a final week for comprehensive
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data analysis. Ethical standards were maintained in the research through obtaining the

necessary permissions and participant anonymity throughout the research process.

RESULTS

The researcher systematically integrated Bali’s Meru architecture into mathematics
instruction through a Project-Based Learning (PjBL) model enriched with STEAM (Science,
Technology, Engineering, Art, Mathematics) principles. Students first explored the Merx’s
tripartite structure (bebaturan, pengawak, and raab) before they studied its proportional system
(kekunb) which dictates ratios. They applied these ratios to calculate dimensions for scale
models, translating traditional Balinese units (wusti, hasta) into metric equivalents using
formulas derived from lontar manuscripts (e.g., iterative roof-tier equations like
2(9p—(ptq)i). Guided by the STEAM framework, students designed 3D Meru miniatures,
integrating geometric principle, engineering concepts, and artistic elements. This practical
approach brought theoretical mathematics into the domain of Bali's architecture, so students
could deal with real issues such as how to optimize a 45° roof slope for wind resistance, all
while fulfilling curriculum requirements in spatial awareness and measurement. Figure 1 and
2 below sequentially illustrate the architectural design of a Mer# and showcase the sineb-

lambang system.

Figure 2. Sineb-lambang System in Meru Design
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The quantitative data analysis began with testing the fundamental assumptions for
parametric analysis. The Kolmogorov-Smirnov test results (Experimental: p = 0.084;
Control: p = 0.087) confirmed that both groups' scores were normally distributed, while
Levene's test for equality of variances (p = 0.377) indicated that the homogeneity assumption
was satisfied. With these parametric assumptions met, an independent samples t-test was
conducted to examine the hypothesis, revealing that students in the PjBL-STEAM Merx Bali
experimental group (M = 81.84, SD = 13.42) demonstrated significantly higher conceptual
understanding scores compared to the control group (M = 73.05, SD = 16.53), with p =
0.024. These results provide empirical support for the effectiveness of the culturally-
integrated PjBL-STEAM approach in enhancing students' mathematical understanding,
while the assumption tests validate the appropriateness of the statistical methods employed

in the analysis. Data analysis summarize on table below.

Table. 1 Quantitative Results

Test Experiment Control Result
Kolmogorov- p = 0.084 p = 0.097 Normally
Smirnov test Distributed
Levene’s tes p=0.377 Homogenic
Independent T-test | M = 81.84 M = 73.05 demonstrated

p < 0.05 significantly higher

Notably, the study documented challenges in translating traditional Balinese units
(musti, basta) into metric equivalents during model construction. Approximately 10% of
experimental group students initially miscalculated roof-tier ratios (e.g., misapplying the
formula 2(9p—(p+q)i) due to confusion between base-4 Balinese numbering and decimal
systems). These anomalies were evident in preliminary design submissions and observation
logs. While these difficulties did not negate the overall positive outcomes, they underscored

the need for explicit instructional support in cross-system unit conversions.

These combined results demonstrate that the PJBL-STEAM Meru Bali approach not
only improved test scores but also fostered more positive attitudes toward mathematics
learning while maintaining cultural connections. The moderate effect size suggests practical
significance beyond statistical significance, particulatly in helping students bridge abstract

concepts with concrete cultural examples.
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DISCUSSION

The findings of this study offer compelling evidence that the PjBL-STEAM Meru
Bali model has a large impact on increasing students’ mathematical conceptual
understanding, addressing the critical gap between abstract geometry and cultural relevance
identified in the Introduction. These results align with but substantially extend previous
research in three keys. To begin with, Degeng et al. (2021) and Wardanaa et al. (2021)
established the individual benefits of STEAM and ethnomathematics approaches
respectively, our integrated model demonstrates their synergistic effect through both
quantitative gains (p = 0.024) and qualitative insights into student engagement. Second, the
study validates sociocultural theory in a novel context, showing how Meru architecture serves
as an effective cultural tool for mediating geometric concepts, particularly in spatial
visualization and application where conventional instruction often fails (Gulburnu &
Yildirim, 2021). Third, the identified challenges in unit conversion between traditional and
metric measurements reveal an important nuance not captured in previous
ethnomathematics studies (Lou et al., 2012; Nuh & Dardiri, 2017; Putri, 2021; Saraswandewi
et al,, 2019; Suharta et al, 2017; Widyantini, 2019), suggesting the need for targeted
scaffolding in culturally-grounded mathematics instruction. The primary contribution of this
research is the demonstration that STEM educational models can be strengthened by
profound cultural infusion, rather than weakened. This forms a replicable pattern that
upholds mathematical rigor while simultaneously increasing relevance and engagement.
Three primary limitations warrant consideration. First, the quasi-experimental design, while
practical for classroom settings, limits generalizability due to the absence of random
assignment at the individual level. Second, the 8-week intervention period may have been
insufficient to assess long-term retention of concepts, particularly for complex geometric
principles. Third, reliance on a single Indonesian school context (SMP Negeri 1 Singaraja)
restricts cross-cultural applicability, as student responses may reflect local cultural familiarity
with Meru architecture. These limitations suggest caution when interpreting the results and
indicate opportunities for future research with expanded timelines and more diverse

participant pools.
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CONCLUSION

This study provides compelling evidence that the PjBL-STEAM Meru Bali model
significantly enhances students' mathematical conceptual understanding compared to
conventional teaching methods, effectively addressing the research question posed. The
integration of Balinese temple architecture into geometry instruction through project-based
learning and STEAM principles not only improved test scores but also fostered deeper
engagement and appreciation for the cultural relevance of mathematics. The findings validate
the theoretical premise that culturally contextualized learning serves as a powerful mediator
for abstract concepts, particularly in geometry education, where students traditionally
struggle with visualization and application. While the quasi-experimental design and single-
school sample of the study present limitations in generalizability, the robust effect size and
consistent qualitative evidence suggest meaningful educational implications. The results
advocate for curriculum designs that thoughtfully incorporate local cultural artifacts as
pedagogical tools, especially in mathematics education, where mastery of abstract concepts
remains challenging. Future research should explore the model's adaptability across diverse
cultural contexts and its longitudinal impact on mathematical reasoning skills. This study
presents an empirically grounded solution to bridging the gaps between formal mathematics
instruction and students' lived cultural experiences, offering a replicable approach to making

mathematical learning both meaningful and rigorous.

REFERENCES

Abi, A. M. (2017). Integrasi Etnomatematika Dalam Kurikulum Matematika Sekolah. Jurnal
Pendidikan Matematika Indonesia, 1(1), 1. https://doi.org/10.26737 /jpmi.v1il.75

Arisetyawan, A. (2015). Andika Arisetyawan, 2015 ETNOMATEMATIKA MASYARAKAT
BADUY Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edn. 1, 8—13.
https://repository.upi.edu/19410/

Chistyakov, A. A., Zhdanov, S. P., Avdeeva, E. L., Dyadichenko, E. A., Kunitsyna, M. L., &
Yagudina, R. I. (2023). Exploring the characteristics and effectiveness of project-based
learning for science and STEAM education. Ewrasia Journal of Mathematics, Science and
Technology Education, 19(5). https://doi.org/10.29333/EJMSTE /13128

Degeng, I. N. S., Sutadji, E., Esa, Y., & Rinanityas, P. (2021). The Effect of PBI -based STEAM
Approach on The Cognitive and Affective Learning Outcomesof Primary School. 12(6), 2390—
2399. https://doi.org/https:/ /doi.org/10.17762/turcomat.v12i6.5521

Gilburnu, M., & Yildirim, K. (2021). Development and implementation of mathematics
attitudes scale for the primary and secondary students. Pegez Egitim ve Ogretim Dergisi,
11(4), 177-184. https://doi.otg/10.47750/ pegegog.11.04.17

522 International Journal of Education, Management, and Technology




Putu Eka Widyantini Putri, I Wayan Puja Astawa, I Gusti Putu Suharta

Han, S., Capraro, R., & Capraro, M. M. (2015). How Science, Technology, Engineering, and
Mathematics (Stem) Project-Based Learning (Pbl) Affects High, Middle, and Low
Achievers Differently: the Impact of Student Factors on Achievement. International
Journal — of  Science  and  Mathematics  Education, 13(5),  1089-1113.
https://doi.org/10.1007/s10763-014-9526-0

Lou, S.-J., Chung, C.-C., Dzan, W.-Y., & Shih, R.-C. (2012). Construction of A Creative
Instructional Design Model Using Blended, Project-Based Learning for College
Students. Creative Education, 03(07), 1281-1290.
https://doi.org/10.4236/ce.2012.37187

Lu,S. Y., Lo, C. C, & Syu, J. Y. (2022). Project-based learning oriented STEAM: the case of
micro—bit paper-cutting lamp. International Journal of Technology and Design Education,
32(5), 2553-2575. https://doi.org/10.1007/s10798-021-09714-1

Muhamad, N. (2016). Efektivitas Model Pembelajaran Berbasis Masalah (Problem Based
Learning) Terhadap Kemampuan Pemecahan Masalah Siswa Pada Pelajaran
Matematika. Jurnal Madrasah Ibtidaiyah, 1.
https://doi.org/10.31602/muallimuna.v1i2.381

Nuh, Z. M., & Dardiri. (2017). Etnomatematika Dalam Sistem Pembilangan Pada Masyarakat
Melayu Riau. Kutubkhanah, 19(2), 220-238. http://ejournal.uin-
suska.ac.id/index.php/Kutubkhanah/article/view/2552

Putri, P. E. W. (2021). Integrasi Etnomatematika Mern Bali Dalam Pembelajaran Matematika Sebagai
Upaya Meningkatkan Motivasi Belajar Siswa SMP [Undergraduate Thesis, Universitas
Pendidikan Ganesha]. https://repo.undiksha.ac.id/6246/

Saleh Haji. (2019). NCTM’s Principles and Standards for Developing Conceptual
Understanding in Mathematics. Journal of Research in Mathematics Trends and Technology,
1(2), 56—65. https://doi.org/10.32734 /jormtt.v1i2.2836

Saraswandewi, K. G., Matematika, J., Matematika, F., Ilmu, D. A. N., Alam, P., & Ganesha,
U. P. (2019). ETNOMATEMATIKA PADA MOTIF KAIN ENDEK
TRADISIONAL BAILL

Sri, T., & Asih, N. (2017). Analisis Kemampuan Pemahaman Konsep Matematika Ditinjau
dari Rasa Ingin Tahu Siswa pada Model Concept Attainment. Uwnes Journal of
Mathematics Edncation Research, 6(2), 217-224.
https://journal.unnes.ac.id/sju/index.php/ujmer/article/view,/20600

Suarsana, 1. M., & Mahayukti, G. A. (2013). Pengembangan E-Modul Berorientasi
Pemecahan Masalah Untuk Meningkatkan Keterampilan Berpikir Kritis Mahasiswa.
Jurnal  Nasional — Pendidikan — Teknik — Informatika  (JANAPATI), 2(3), 193.
https://doi.org/10.23887 /janapati.v2i3.9800

Suharta, I. G. P., Sudiarta, I. G. P., & Astawa, I. W. P. (2017). Ethnomathematics of Balinese
Traditional Houses. International Research Journal of Engineering, I'T & Scientific Research,
3(4), 42. https://doi.org/10.21744/itjeis.v3i4.501

Umbara, U., Wahyudin, & Prabawanto, S. (2021). Ethnomathematics Vs Ethomodeling: how
does cigugur traditional community determines the direction of the wind to seek
fortune based on month. Journal of Physics: Conference Series, 1776(1), 012034.
https://doi.org/10.1088/1742-6596/1776/1/012034

Wardanaa, R. A., Izzahb, N. R., Ibrohimc, M. K., Fadilah, D. N.,; & Susilo, B. E. (2021).
Pengembangan Pembelajaran STEAM (Science, Technology, Engineering, Art and Mathematics)

Volume 3, Issue 2, 2025 523
—_________________________________________________________________— " |



Putu Eka Widyantini Putri, I Wayan Puja Astawa, I Gusti Putu Suharta

Dengan Baban Ajar Berbasis Etnomatematika Di Vihara Buddhagaya W atugong Dan Makanan
Khas — Terhadap — Kemampuan — Pemecaban — Masalah — Siswa — SMP.  Julby.
https:/ /www.tesearchgate.net/publication/353412283_Pengembangan_Pembelajara
n_STEAMScience_Technology_Engineering Art_and_Mathematics_Dengan_Baha
n_Ajar_Berbasis_Etnomatematika_Di_Vihara_Buddhagaya_Watugong Dan_Makan
an_Khas_Terhadap_Kemampuan_Pemecahan_

Widyantini,  Eka. (2019).  Etnomatematika  Pada  Kestabilan ~— Mern  Ball.
https:/ /www.academia.edu/43494634/ MAKALAH_SEMINAR_MATEMATIKA _
ETNOMATEMATIKA_PADA_KESTABILAN_SUATU_MERU_BALI_

Yanti, 1., Sukirno, V., Parubak, A. S., & Gultom, N. (2021). The Application of Problem: Based
Learning Model with Steam-Based to Increase Student Learning Outcomes. 12(1), 106—-117.
https://doi.org/10.20527 /quantum.v12i1.10116

Zayyinah, Z., Erman, E., Supardi, Z. A. L., Hariyono, E., & Prahani, B. K. (2022). STEAM-
Integrated Project Based 1 earning Models: Alternative to Inmprove 21st Century Skills.

524 International Journal of Education, Management, and Technology



