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ABSTRACT

The PIL model was chosen because it offers the potential to encourage student engagement in constructing 
Knowledge through investigation and real-world project completion. The real-world projects were embodied 
in traditional games from Minangkabau and Malay cultures. Sipak rago was chosen as a traditional Minangkabau 
(Indonesia) game to explore the concept of the surface area of a sphere. Meanwhile, the lari and beku game 
from the Malay (Malaysia) tradition provided a context for students to understand the relationships between 
complementary, supplementary, and reflex angles. This study aims to design learning tools using the Project-
based Inquiry Learning (PIL) model integrated with STEM and ethnomathematics. A validation study was 
chosen as it is the appropriate method for this research. The subjects of the study were nine students selected 
from three different schools in Padang city. The data were collected using interview guidelines, journals, 
and observation sheets. Data analysis was conducted by transcribing the interviews, reducing the data, 
presenting it, and drawing conclusions. The results of the study show that regardless of whether the culture 
used matches the students’ own culture, they are still able to solve the given mathematical problems. The 
implication of this research highlights the potential of STEM-based PIL integrated with ethnomathematics as 
an innovative approach that can be adopted into the national curriculum to enhance students’ STEM literacy 
and cultural identity.

Keywords: Project-based Inquiry Learning; STEM; Ethnomathematics; Validation Study; Traditional Game.

RESUMEN

Se eligió el modelo PIL porque ofrece la posibilidad de fomentar la participación de los estudiantes en la 
construcción del conocimiento a través de la investigación y la realización de proyectos del mundo real. Los 
proyectos del mundo real se plasmaron en juegos tradicionales de las culturas minangkabau y malaya. Se eligió 
el sipak rago como juego tradicional minangkabau (Indonesia) para explorar el concepto de la superficie de 
una esfera. Por su parte, el juego lari y beku de la tradición malaya (Malasia) proporcionó un contexto para que 
los estudiantes comprendieran las relaciones entre los ángulos complementarios, suplementarios y reflejos. 
El objetivo de este estudio es diseñar herramientas de aprendizaje utilizando el modelo de aprendizaje
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basado en la investigación (PIL) integrado con STEM y etnomatemáticas. Se optó por un estudio de validación, 
ya que es el método adecuado para esta investigación. Los sujetos del estudio fueron nueve estudiantes 
seleccionados de tres escuelas diferentes de la ciudad de Padang. Los datos se recopilaron mediante guías de 
entrevista, diarios y hojas de observación. El análisis de los datos se llevó a cabo transcribiendo las entrevistas, 
reduciendo los datos, presentándolos y extrayendo conclusiones. Los resultados del estudio muestran que, 
independientemente de si la cultura utilizada coincide con la propia cultura de los estudiantes, estos son 
capaces de resolver los problemas matemáticos planteados. Las implicaciones de esta investigación ponen 
de relieve el potencial del aprendizaje basado en proyectos (PIL) integrado con la etnomatemática como 
enfoque innovador que puede adoptarse en el plan de estudios nacional para mejorar la alfabetización STEM 
y la identidad cultural de los estudiantes.

Palabras clave: Aprendizaje Basado en Proyectos; STEM; Etnomatemática; Estudio de Validación; Juego 
Tradicional.

INTRODUCTION
Mathematics education in schools is expected to focus not only on procedural mastery and calculation skills 

but also on fostering a strong conceptual understanding, as well as nurturing students’ logical, systematic, and 
critical thinking abilities. Beyond that, mathematics learning should enable students to connect the material 
being studied with various real-life situations, so that mathematics is not perceived as an abstract discipline 
disconnected from reality.(1,2,3,4,5) According to Su, The learning process should be active, participatory, and 
stimulate students’ curiosity through exploration and problem-solving activities.(6) Therefore, mathematics 
education should ideally serve as a platform for developing students’ intellectual abilities while also shaping 
resilient, creative, and adaptive character traits in response to the demands of an ever-evolving world.(7,8,9)

However, mathematics education in schools still faces challenges in enhancing students’ active engagement, 
conceptual understanding, and ability to apply Knowledge in real-life contexts.(10,11) Various studies have 
shown that the learning process tends to be procedural, teacher-centered, and lacks connection to cultural 
or multidisciplinary context.(12,13,14,15) This has led to low student motivation and learning outcomes, as well as 
underdeveloped 21st-century competencies.(16,17,18,19)

Twenty-first-century competencies, which include critical thinking, creativity, collaboration, and 
communication, are key to shaping individuals who are adaptive, innovative, and competitive in the digital era. 
According to Lestari, critical thinking enables students to analyze and solve problems in a rational manner.(20) 
Furthermore, Ndiung state that creative thinking encourages students to generate new and practical ideas.(21)  
Andrews-Todd emphasize that collaboration enhances the ability to work effectively in diverse teams.(22) Effective 
communication is essential for conveying ideas clearly and persuasively.(23) Unfortunately, various studies have 
shown that these competencies have not been fully integrated into classroom practices.(18,24,25) Therefore, 
research is needed to identify effective instructional strategies for developing these four competencies in an 
integrated manner within the educational process.

To address these challenges, the Project-based Inquiry Learning (PIL) model offers potential as an instructional 
approach that encourages active student engagement in constructing Knowledge through investigation and the 
completion of a real-world project.(26,27) According to Ng, when combined with the STEM (Science, Technology, 
Engineering, and Mathematics) approach, learning becomes more integrative and applicable, as it prompts 
students to connect mathematical concepts with other disciplines as well as with technology and engineering.
(26) However, while the STEM approach in mathematics education already incorporates real-world contexts, it 
often overlooks meaningful local cultural values that are relevant to students.(28,29)

The integration of ethnomathematics serves as a strategic solution to contextualize mathematics learning 
within students’ local cultures. Through ethnomathematics, students can understand mathematical concepts 
within cultural practices they are familiar with, making learning more relevant, inclusive, and meaningful.
(13,29,30,31) Nurjanah state that while the use of ethnomathematics in education holds great potential, it is still 
rarely implemented systematically.(32) In the Minangkabau context, for instance, various structures and patterns 
found in traditional rumah gadang architecture, customary systems, traditional games, and woven arts contain 
mathematical principles. Meanwhile, in Malaysia, Indonesia’s neighboring country, there is a culture similar 
to that of the Minangkabau. Cultural heritage, such as batik, wau (traditional kites), and wood carvings, also 
holds rich mathematical value that can be utilized in education. Both examples demonstrate that culture is not 
merely a social background but also a valuable source of Knowledge for learning.

The visualization results from the VosViewer application show the relationships often associated with 
mathematical critical thinking skills and terms that frequently appear in ethnomathematics research indexed 
in Scopus, which have been stored in RIS format. A total of 33 frequently occurring research topics were 
identified. The visualization results of the 33 topics after processing using VosViewer can be seen in the figure 1.
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Figure 1. Network Visualization of Ethnomathematics Based on The Co-Occurrence of Author Keywords

Figure 1 shows the main keywords in ethnomathematics research divided into nine main clusters. These 
clusters are marked with nine colors that appear in the figure. The explanation of the nine clusters is as follows: 
Cluster 1, colored red, consists of five topics: meaningful learning onto-semiotic approach, preservative 
mathematics, mathematical and ethnomathematical connections. Cluster 2, orange, consists of 4 topics: global 
cultural bibliometric analysis, mathematics, and problem-solving. Cluster 3, gray, has 4 topics: designing, 
constraints, measuring, and explaining. Cluster 4, green, consists of 4 topics: Rasch analysis, secondary school 
students, mathematical creative thinking, and psychometric assessment. Cluster 5 is purple and consists of four 
topics: cultural contexts, mathematical ideas, mathematical ideas, and mathematical practice. Cluster 6 is blue 
and consists of three topics: ethnomathematics, Karawo Gorontalo tradition, and facing and direct isometry. 
Similar to Cluster 6, Cluster 7 also consists of 3 topics, namely indigenous languages, intercultural bilingual 
education, and randomized controlled trials, represented by the color yellow. Cluster 8 also consists of 3 topics, 
namely juggling, local knowledge, and models, represented by the color brown. Finally, cluster 9 consists of 3 
topics, namely ethnomodeling, local culture, and realistic ethnographic design, represented by the color black. 
Based on the network visualization generated through VOSviewer analysis, close relationships between several 
terms in ethnomathematics research can be identified. Figure 1 shows the relationship between clusters with 
cluster 6 (Ethnomathematics) as the center. This reflects the development of ethnomathematics, which not 
only includes the relationship between cultural mathematics and mathematics but is also used in teaching 
methods, assessment, and mathematical abilities. These relationships indicate a shift toward the integration 
of ethnomathematics and collaborative learning methods, which promote flexible teaching models to enhance 
student engagement. This analysis identifies new trends in mathematics education, particularly the integration 
of culture and active learning.

The implementation of ethnomathematics in education should ideally be rooted in the students’ own 
culture, as mathematical concepts become easier to understand when they are closely related to the 
students’ experiences and environment.(32) However, it is also possible to introduce other cultures that share 
historical, geographical, or value-based similarities, such as Malay culture (Malaysia), which is closely related 
to the Minangkabau culture in Indonesia. In this context, the choice to integrate Minangkabau and Malay 
ethnomathematics is appropriate, as it not only reflects the local culture of Indonesian students but also 
broadens their understanding of the shared cultural heritage in Southeast Asia. Thus, learning becomes not only 
more contextual and meaningful but also fosters openness, tolerance, and appreciation for cultural diversity, 
as long as the introduced culture remains relevant and accessible to students.

Studies on the PIL model, STEM, and ethnomathematics are not new. Laššová state that the Math Trail approach 
in STEM education is effective in enhancing students’ spatial abilities while creating engaging and meaningful 
learning experiences.(33) This approach encourages students to think critically, collaborate, and apply STEM 
concepts in real-world context.(33) In the study by Lasa, mathematical content is identified as a key element 
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in the success of STEM activities, as it supports contextual and interdisciplinary understanding of concepts.(25) 
This highlights the importance of deliberately designing STEM activities to incorporate mathematical elements, 
thereby maximizing learning outcomes.(24,25,34) Beyond mathematics, Ng discuss the integration of STEM through 
a Project-Based Inquiry Learning (PIL) approach in a space-themed unit for first-grade students.(26) According 
to Ng, the PIL model, when integrated with STEM, enhances students’ understanding of scientific concepts, 
critical thinking skills, and learning motivation through project-based learning that emphasizes exploration and 
inquiry.(26) In addition, Prahmana highlight that formal mathematics education in Indonesia is often inflexible 
and disconnected from students’ socio-cultural contexts, despite Indonesia’s rich cultural diversity that could 
serve as a starting point for learning.(30) Therefore, based on the previous explanations, there has been no 
study that explores the integration of the PIL model, STEM, and ethnomathematics in mathematics learning, as 
examined in this research.

The limited number of studies that develop mathematics learning by simultaneously integrating PIL, STEM, 
and ethnomathematics highlights a significant research gap that needs to be addressed. These three approaches 
have the potential to complement one another—PIL as an active and inquiry-based approach, STEM as an 
integrative cross-disciplinary framework, and ethnomathematics as a contextual, culture-based perspective. 
Therefore, there is a need for research that develops learning tools based on the Project-Based Inquiry Learning 
(PIL) model integrated with STEM and ethnomathematics to create mathematics learning that is more relevant, 
innovative, and transformative. This study aims to design learning tools based on the Project-Based Inquiry 
Learning (PIL) model, integrated with STEM and ethnomathematics, for junior high school students, and to 
examine students’ responses to the use of these learning tools.

METHOD
This research is a validation study. The main objective is to validate the PIL, STEM, and Ethnomathematics-

based teaching materials (lesson plans and student worksheets) and the teaching sequence, with validity 
dimensions covering content validity, construct validity, practicality, and fidelity of implementation. The stages 
in a validation study include preliminary design, experimental design, and retrospective analysis.(35,36) The 
process of the validation study is outlined in table 1.

Table 1. Proses Penelitian Validation Study

Validation Study Process

Preliminary Design The study begins with a review of the literature related to mathematics 
learning topics, including the surface area of spheres and angles, the 
Project-Based Inquiry Learning (PIL) model, the STEM approach, and 
the Minangkabau and Malaysian cultures. The researcher develops 
learning tools (lesson plans and student worksheets) using the PIL model 
integrated with STEM and ethnomathematics, incorporating traditional 
games such as sipak rago (Minangkabau) and lari dan beku (Malaysia). 
These learning tools are developed during the planning phase.

Experimental Design The study consists of two main stages: the pilot experiment and the 
teaching experiment. The pilot experiment is conducted to test the 
learning tools, while the teaching experiment aims to evaluate the 
learning process. During the teaching experiment, the researcher 
observes students’ learning activities throughout the lessons.

Retrospective Analysis All data collected during these stages is then analyzed.

Sources: Harisman et al and Rahayu et al.(35,36)

The research was conducted in three public junior high schools in Padang City, West Sumatra, located in 
Padang Barat and Padang Utara. The schools selected as research subjects were SMPN 3 Padang, SMPN 25 
Padang, and SMPN 7 Padang. The research activities were carried out for 3 days, namely 12 to 14 June 2025. 
The language of instruction was Indonesian language. Class sizes ranged from 28–32 students in grade 2nd of 
junior high school, with the study taking place during the second semester of the 2024/2025 academic year 
(January-June 2025). All schools had access to standard mathematics classrooms, whiteboards, projectors, and 
basic teaching facilities.

Participants
The population of this study consisted of all junior high school students in the city of Padang. From this 

population, three schools were purposively selected to represent different overall levels of cognitive ability 
(high, medium, and low), as determined from school achievement records and recommendations from the 
local education authority. Within each selected school, a group of nine students was chosen as the sample, 
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using stratified purposive sampling to ensure representation of three cognitive levels: high, medium, and low, 
based on prior academic performance and teacher assessments. This resulted in a total of 27 students, that is 
3 schools with 9 students for each school as participating in the study. During the trial, each class was divided 
into three groups to provide a comparison for the learning process. besides that, each class was divided into 
three groups, with each group consisting of heterogeneous members, namely one student with high ability, one 
with medium ability, and one with low ability. This arrangement was intended to facilitate peer learning and 
to provide balanced group interactions. One teacher delivered the lessons, while the researcher served as an 
observer during the experimental design stage.

Instrument dan Data Analysis
The instruments and data analysis techniques used in this study were aligned with the stages of the validation 

study process. In the preliminary design phase, two types of instruments were employed: interview guidelines 
and a research journal. The interview guidelines consisted of open-ended questions designed to gather 
information about practical and relevant learning processes. Interviews were conducted with teachers. Sample 
questions included: “Were the steps in the lesson plan clear and feasible to implement in the classroom?”, 
“How appropriate was the time allocation for each activity as designed in the RPP?”, “What challenges, if any, 
did you encounter when using the LKPD with students?”, and “In your view, how did the LKPD support students’ 
engagement and understanding of the material?”. The interview was conducted in Indonesian to facilitate clear 
communication and was carried out individually with the teacher at the end of the trial sessions. To ensure the 
accuracy and reliability of the data, the session has been field notes taken by the researcher. Meanwhile, the 
journal was used to record key points that emerged during the development of the learning tools, particularly 
ideas, initial findings, or development considerations. Data from both instruments were analyzed by transcribing 
the interview results, reducing the data, presenting it systematically, and drawing conclusions.

In the experimental design phase, the instrument used was an observation sheet. This sheet focused on 
three main aspects: the positive and negative aspects of the learning process as observed by students, student’s 
stated needs, and an analysis of the teacher’s implementation of the learning process. The observation data 
were analyzed using the same procedure—data reduction, data presentation, and conclusion drawing—to obtain 
a comprehensive picture of the practicallity and relevance of the developed learning tools.

The success of the trial in this study was measured by the practicality of implementing the designed lesson 
plans and student worksheets in classroom practice. Practicality was considered achieved if teachers were 
able to implement the instructional activities as planned without experiencing major obstacles, if students 
could complete the tasks in the worksheets within the allocated time with only minimal assistance, and if both 
teachers and students gave positive responses regarding the clarity, usability, and relevance of the materials. 
In addition, successful implementation was reflected in classroom observations showing that the sequence of 
learning activities could be followed smoothly and that the process fostered meaningful interaction among 
students. Prior to the experimental teaching, several modifications were introduced to enhance the feasibility 
of the lesson plans and student worksheet. These included simplifying instructions in the student worksheet 
to align with students’ reading comprehension, reorganizing the learning steps in the lesson plans to better fit 
the actual classroom time allocation, integrating contextual examples drawn from students’ daily experiences 
to increase relevance, and arranging group work so that each group consisted of heterogeneous members 
with high, medium, and low ability levels. The introduction of these changes was motivated by evidence 
from expert reviews that recommended clearer instructions and a more coherent flow of activities, as well 
as from preliminary classroom observations that showed students’ difficulties in completing tasks on time 
due to lengthy or unclear instructions. Teacher feedback also revealed that some activities in the original 
design were too demanding for the available classroom time, while pilot testing with students indicated that 
they were more engaged and able to understand better when examples were linked to their real-life context 
especially ethnomathematics using traditional game. Together, these considerations justified the refinement of 
the lesson plans and student worksheet before the experimental teaching, ensuring that the materials could be 
implemented practically and meaningfully in real classroom situations.

Ethical Aspects
This study has obtained ethical approval from the Research Ethics Committee of Universitas Negeri Padang 

with approval number 012/KEPK-UNP/7/2025. Prior to data collection, informed consent was obtained from all 
participants as well as from parents/guardians in the case of underage students. The participants were assured 
that their involvement was voluntary and that they had the right to withdraw at any time without any negative 
consequences. Confidentiality and anonymity of the participants were strictly maintained by coding the data 
and omitting any identifying information. All procedures in this research were conducted in accordance with 
ethical principles for educational research.
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RESULTS AND DISCUSSION
Preliminary Research 

The mathematics learning process was designed in the form of instructional tools, including a lesson plan and 
student worksheet. The instructional design incorporated the steps of the Project-Based Inquiry Learning (PIL) 
model, the STEM approach, and ethnomathematics. Ethnomathematics was selected based on the context of 
traditional Minangkabau and Malay games. The traditional Minangkabau game sipak rago was used to illustrate 
the concept of the surface area of a sphere. In contrast, the traditional Malay game lari dan beku was used to 
explore the topics of lines and angles.

As a result, two learning tools were developed: one for discovering the surface area of a sphere through sipak 
rago, and another for exploring lines and angles through lari dan beku. At this stage, the developed instructional 
tools were submitted to four experts for evaluation. The experts provided feedback and suggestions, which are 
summarized in table 2.

Table 2. Expert Feedback Summary

No. Expert Feedback

1 Expert 1,2,3 The learning tools were well-structured.

2 Expert 4 It was recommended to add a reflection stage in the 
student worksheet (LKPD).

3 Expert 5 Additional questions should be included during the 
exploration stage.
In the LKPD involving Malay culture, it was suggested 
that students be guided to independently discover the 
relationships between complementary, supplementary, 
and reflex angles through visual representations.

Experimental Design
In the pilot experiment stage, several revisions were made to the learning tools based on the trial results. 

The trial was conducted in three schools, selected based on their academic performance levels, categorized 
as high, medium, and low. Furthermore, the detailed description of each phase of the pilot experiment aligns 
with the stages of the Project-Based Inquiry Learning (PIL) model. The outcomes of this stage indicated that the 
learning process aligned well with the intended instructional design. The learning activities conducted during 
the process are outlined as follows.

Step 1: Inquiry
At this stage, students began by exploring information related to the traditional games sipak rago and 

lari dan beku. This information was also provided in the student worksheet (LKPD) for their reference. Next, 
students answered the questions provided in the LKPD based on the context they had previously explored. 

Minangkabau Culture (Sipak Rago Game)

(a) (b)
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(c)

Figure 2. Inquiry Step of Minangkabau Culture on School Ability (a) High, (b) Middle, and (c) Low

Sipak Rago, a traditional Minangkabau game that served as the precursor to sepak takraw, can be connected 
to mathematical concepts, one of which is the surface area of a sphere. In this game, a woven rattan ball is the 
main element that players kick to keep in the air or direct to others. Understanding the surface area of a sphere 
is relevant for analyzing the ball’s design, such as the strength of the rattan weave or the contact area between 
the ball and the player’s foot when kicking. This Knowledge can help players understand the distribution of 
force during a kick and choose an optimally sized ball for gameplay, demonstrating how mathematics supports 
the strategy and dynamics of Sipak Rago. Furthermore, the findings from students during the inquiry stage 
across schools with high, medium, and low ability levels are presented in figure 2.

Based on figure 2, students from each school generally mentioned that Sipak Rago is a game played with 
a rattan ball and involves teams of 4 to 5 players. The values embedded in this game include teamwork, 
togetherness, collaboration, as well as the ability to manage emotions and make quick decisions. To play the 
game, a rago ball and cooperative players are required. Rattan is chosen as the material for the ball because it 
is lightweight, durable, and easy to weave. The ball is made by weaving rattan into a spherical shape.

Students also demonstrated mathematical understanding by explaining that the amount of rattan needed to 
make the ball can be calculated using the surface area of a sphere, applying either a mathematical approach or 
geometric formulas. Overall, the students’ responses reflected an integration of cultural Knowledge, scientific 
skills, and mathematics within the context of a traditional game.

Malay Culture (Lari and Beku Game)

(a) (b)
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(c)
Figure 3. Inquiry Step of Malay Culture on School Ability (a) High, (b) Middle, and (c) Low

Lari and Beku is a traditional game where players run to avoid being tagged by the “catcher” and must freeze 
in place if touched, remaining still until freed by another player. In a mathematical context, the relationships 
between complementary, supplementary, and reflex angles can be connected to the strategies used in players’ 
movements. The rules of the game are illustrated in worksheet before the student play the traditional game. 
The findings from students during the inquiry stage at schools with high, medium, and low ability levels are 
presented in figure 3.

Based on figure 3, students’ responses reflect efforts to answer questions based on the video they watched 
about the traditional Malay game lari and beku. Overall, their answers demonstrate an initial understanding of 
the game. In figures 3a and 3b, students expressed that they had previously considered the possibility of angles 
being formed during the game. However, this was not the case in Figure 3c, where the student did not perceive 
any connection between the game and the concept of angles. The questions at this stage served as a stimulus 
to encourage students to continue exploring the mathematical ideas in the next phase of learning.

Step 2: Exploration
At this stage, students began to explore the topic more deeply through group discussions, question-and-

answer sessions, and initial information gathering. They engaged in project-based activities to abstract their 
prior Knowledge. The goal was to help students gain a deeper understanding of mathematical concepts while 
developing their critical and creative thinking skills. Through this process, students were encouraged to 
construct their mathematical Knowledge and abilities via exploration and discovery. 

Minangkabau Culture (Sipak Rago Game)

(a) (b)
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(c)
Figure 4. Exploration Step Student Project on School Ability (a) High, (b) Middle and (c) Low

Based on figure 4, students from high-, medium-, and low-performing schools arrived at the same answer, 
but through different thinking processes. The detailed explanations of the students’ answers are presented in 
figure 5.

(a) (b)

(c)

Figure 5. Exploration Step of Minangkabau Culture on School Ability (a) High, (b) Middle, and (c) Low

Based on figure 5a in Question 1, the student correctly answered that two circles can be obtained from 
half of a sphere, thus concluding that four circles can be obtained from one entire sphere. For Question 
2, the student used the formula for the area of a circle (prior Knowledge), L=πr^2, and calculated it as 
L=3,14×6,5×6,5=132,665. Then, I multiplied the result by four circles, resulting in 530,660. The student then 
wrote: “Estimated surface area formula = 4πr²”, indicating that they were starting to connect the number of 
circles to the sphere’s surface area. For question 3, the student formulated the relationship as L = πr² → 4 × L 
= 4πr²and concluded that the surface area of a sphere is 4πr². In Question 4, the student wrote, “I think 4πr²”, 
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showing an understanding of the final surface area formula.
In figure 5b, for question 1, a student from the medium-performing school directly answered that the number 

of circles obtained from a sphere is four. In question 2, the student applied the formula for calculating the area of 
a circle. L=πr^2 And multiplied it by four, demonstrating an emerging understanding of the connection between 
the number of circles and the surface area of a sphere. However, the student did not answer questions 3 and 
4. Despite this, during the learning process, the student demonstrated awareness that there is a relationship 
between the surface area of a sphere and the area of a circle.

According to figure 5c, in question 1, the student estimated that the surface area of a sphere is equivalent 
to four times the area of a circle, consistent with their earlier findings (as shown in Figure 4c). For question 
2, the student’s response indicated an understanding that the surface area can be represented by multiplying 
the area of one circle by four, which reflects a solid initial grasp of the concept. In the exploration section 
(question 3), the student successfully identified the mathematical relationship between the area of a circle and 
the sphere’s surface area in formula form. Finally, the student’s answer to question 4 was also mathematically 
correct and complete, successfully stating the formula for the surface area of a sphere.

Malay Culture (Lari and Beku Game)
Students participated enthusiastically in the “lari and beku” game, which was played according to the rules 

with three taggers and three runners in each group. The game lasted for one minute or until the teacher gave 
the stop command. After the match ended, one student from each group illustrated the positions of the runners 
and taggers on the Student Worksheet based on their observations at the moment the game was stopped. 
Interestingly, students across high-, medium-, and low-performing schools demonstrated strong teamwork and 
creativity in devising joint strategies to win the game. This reflected collaboration and tactical thinking skills 
that were developed through this enjoyable physical activity. The findings from students during the exploration 
stage at schools with high, medium, and low ability levels are presented in figure 6.

(a) (b)

(c)
Figure 6. Exploration Step of Malay Culture on School Ability (a) High, (b) Middle, and (c) Low

Figure 6 represents the lari and beku game that was previously played in the schoolyard. Students followed 
the game instructions provided in the LKPD. Afterward, they calculated the measures of complementary angles, 
supplementary angles, and reflex angles based on their observations, using a protractor as a measuring tool. 
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Based on figure 6, it can be seen that students were able to calculate angle measures correctly, demonstrating 
their understanding of the angle concepts through direct, contextualized experience.

Step 3: Experiment
This stage marks a critical phase in which students begin to design and develop concrete solutions based 

on their prior exploration and investigation. At this point, students work collaboratively to design a project 
or product that addresses the inquiry questions and problems previously identified. They begin to test ideas, 
create sketches or prototypes, conduct experiments, and select appropriate materials and tools based on their 
designs. This process encourages students to integrate conceptual Knowledge with practical skills, while also 
considering the functionality, aesthetic aspects, and relevance of their projects. 

Minangkabau Culture (Sipak Rago Game)
In their efforts to solve the measurement problem, students first focused on determining the radius or 

diameter of the bola rago. The thinking processes and strategies employed by students in the medium-performing 
school reflected a diverse range of approaches. One notable method involved placing two books parallel to each 
other and in contact with the ball, then measuring the distance between the books using a ruler to estimate 
the diameter of the ball. Meanwhile, students in the high-performing school used a more creative technique by 
breaking a ruler and inserting it into the gaps of the woven rag ball to obtain the diameter value directly. On 
the other hand, students in the low-performing school still demonstrated initiative by inserting a pencil into 
the ball and then measuring the pencil’s length with a ruler. These activities highlighted the integration of STEM 
elements, particularly in Engineering and Mathematics, as students applied measurement principles, designed 
simple tools, and solved problems through hands-on exploration and creativity. After determining the radius of 
the bola rago, students proceeded to calculate its surface area using the formula they had discovered in the 
previous stage. The findings from students during the experiment stage at schools with high, medium, and low 
ability levels are presented in figure 7.

(a) (b)

(c)

Figure 7. Experiment Step of Minangkabau Culture on School Ability (a) High, (b) Middle, and (c) Low

Based on figure 7a, the task required students to estimate the cost of purchasing rattan material to make one 
sipak rago ball, using the surface area of the sphere as a reference. Since the surface area couldn’t be measured 
directly, a mathematical approach was used by calculating the ideal surface area using the formula discovered 
during the exploration phase. In the student’s response, there was a minor error in converting units from cm² 
to m², Which led to an incorrect final result. Nevertheless, the student demonstrated an understanding of the 
surface area concept and was able to apply it to a real-world context, estimating material requirements. This 
case highlights the need for reinforcing unit conversion skills to ensure more accurate calculations.

In figure 7b, the student solved the problem using a systematic and accurate approach. First, they correctly 
determined the radius from the given diameter of 12 cm, resulting in a radius of 6 cm. Then, they applied the 
surface area formula for a sphere and substituted the values correctly, obtaining a surface area of 452,16 cm². 

 11    Harisman Y, et al

https://doi.org/10.56294/saludcyt20252090 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


https://doi.org/10.56294/saludcyt20252090

This was then converted to square meters by dividing by 10 000, resulting in 0,045216 m². Using the given price 
of Rp 15 000,00 per square meter, the student calculated the total cost by multiplying, arriving at a final answer 
of Rp 678 240,00. These steps show the student’s solid grasp of the concept, correct unit conversion, and ability 
to apply mathematics to solve contextual problems logically.

In figure 7c, the student was given a diameter of 14 cm, which means the correct radius should be 7 cm 
or 0,07 meters. However, the student incorrectly used a radius of 0,15 meters, which didn’t align with the 
provided data. Despite this, the student proceeded to use the surface area formula and calculate the area, then 
multiplied it by the rattan price of Rp 15 000,00 per m², obtaining a total cost of Rp 4240,50. At the same time, 
the calculation steps were mathematically structured. They demonstrated an understanding of the formula 
and unit conversion, but the error in selecting the radius rendered the final result invalid. This highlights the 
importance of accuracy in interpreting and substituting problem data, particularly in unit conversions and value 
selection for formulas.

Malay Culture (Lari and Beku Game)
Students from schools with high, medium, and low ability levels were able to model their findings from the 

exploration stage into more concrete mathematical forms. During the exploration, they identified several types 
of angles—complementary, supplementary, and reflex angles—that could be formed. They then formulated 
a mathematical conclusion that complementary angles add up to 90 degrees, supplementary angles to 180 
degrees, and similarly applied understanding to reflex angles. Students then presented these concrete findings 
during the reflecting stage.

Step 4: Reflecting
This stage is a crucial phase in which students evaluate the entire learning process and its outcomes. 

Here, students are invited to reflect on their experiences throughout the project, from formulating questions 
and conducting investigations to producing the final product. Reflections were carried out in groups through 
presentations. During this process, students identified what they had learned, the challenges they encountered, 
the strategies that worked, and the areas needing improvement. The teacher facilitated this process by posing 
guiding questions and offering constructive feedback to promote critical thinking and metacognitive awareness. 
Through this stage, students not only gained a better understanding of the lesson content but also learned to 
reflect on their thinking processes and how to collaborate effectively in teams. Reflection served as an essential 
means to foster openness, responsibility, and motivation for continuous learning. 

Through each stage of the Project-Based Inquiry Learning (PIL) model integrated with STEM and 
ethnomathematics, whether based on Minangkabau or Malay culture, students were able to engage in meaningful 
learning. This learning process also involved the application of mathematical concepts and skills in scientific 
thinking. For instance, students were invited to consider how to construct a bola rago from rattan and how to 
calculate the amount of rattan needed. Several students explained that this could be done by calculating the 
surface area of the ball using mathematical formulas. This reflects a strong integration between local cultural 
Knowledge and STEM concepts (Science, Technology, Engineering, and Mathematics). Such activities provide 
evidence that culture-based learning, such as the traditional sipak rago game, can stimulate critical thinking, 
creativity, and active student engagement in the learning process. Besides introducing cultural heritage, this 
approach also instills life values and reinforces mastery of academic content.

The traditional Malay game “lari and beku” is a physical activity involving groups of children in which 
one group chases and tags opponents, who must then “beku” or stop moving until all players are caught or 
a teammate frees them by touching them again. In the context of STEM education, this game can be used 
as a medium for interdisciplinary learning. From a scientific perspective, students can explore human body 
movement and the health benefits of physical activity. Technology can be incorporated by using timers or 
motion sensors to analyze speed and strategies. Engineering is involved in designing a safe and efficient playing 
area, while mathematics is utilized in calculating distances, speeds, or probability-based strategies for tagging.

From an ethnomathematical perspective, the game reflects traditional Malay mathematical concepts 
embedded in local culture. The movement patterns and frozen positions can be analyzed as spatial geometry, 
where students identify angles, distances, and coordination within the play area. The learning process can 
be enriched by linking these patterns to traditional number systems or simple calculations used in the Malay 
community, such as manually counting time or scores. With this approach, students not only learn STEM concepts 
in a contextualized manner but also develop a cultural appreciation while enhancing their critical thinking and 
collaborative skills through play. Thus, findings from the implementation of the Sipak Rago and Lari and Beku 
games demonstrate that cultural elements can serve as valid learning resources for constructing mathematical 
concepts, such as the surface area of a sphere and angle measurement.

Theoretically, this study makes a significant contribution to the development of a culture-based mathematics 
learning model that integrates Project-Based Inquiry Learning (PIL) with STEM (Science, Technology, Engineering, 
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and Mathematics) and ethnomathematics. Previous research has emphasized that mathematics learning can 
be derived not only from textbooks, but also from authentic cultural practices.(31,37,38,39,40) This aligns with 
constructivist theory, which asserts that Knowledge is constructed through direct and meaningful experiences.
(41,42,43,44) The STEM-integrated PIL model reflects the constructivist paradigm, emphasizing that students actively 
build Knowledge through exploration, inquiry, and engagement with real-world problems.(45,46,47,48) In this model, 
students are positioned as active learners, engaging in inquiry and project-based learning grounded in everyday 
life context.(49,50) The use of the PIL model integrated with the STEM approach in mathematics learning has a 
significant impact on the development of learning theories and modern pedagogical approaches.(51,52,53)

Another implication relates to cross-disciplinary integration. The STEM approach encourages connections 
between different fields of Knowledge in the process of mathematics learning, which theoretically strengthens 
the concept of connected learning.(24,54) This highlights that meaningful learning occurs when students can 
see the relevance between what they learn and real-world applications, as well as how mathematical skills 
are applied in science, technology, and engineering.(55,56) Therefore, STEM integration through the PIL model 
supports the theory of interdisciplinary learning and provides a stronger foundation for a relevant and applicable 
curriculum.(57,58,59) 

Furthermore, the use of the Project-Based Inquiry Learning (PIL) model integrated with STEM also supports the 
development of 21st-century learning theories, which emphasize the importance of 4C skills: critical thinking, 
collaboration, communication, and creativity. Through project-based learning that involves solving complex 
problems and working in teams, students not only gain a deeper understanding of mathematical concepts 
but also develop metacognitive and social skills.(60,61,62) This implication reinforces the role of mathematics 
education as a medium for fostering students’ holistic competencies.(55) Thus, the PIL-STEM integrated model 
not only aligns with modern learning theories but also broadens the perspective on how mathematics can be 
taught in a contextual, connected, and relevant way to prepare students for real-world challenges.(63,64,65)

This learning model provides an alternative instructional strategy that is both contextual and engaging, while 
also fostering a connection to local cultural values.(66,67) Teachers can utilize cultural heritage as a medium for 
teaching to facilitate the understanding of abstract mathematical concepts, while simultaneously increasing 
student engagement and motivation.(14,29,30,31,39) Therefore, this study can serve as inspiration for educators and 
education policymakers in designing culturally-based curricula that are relevant and meaningful for students 
across nations, particularly in Southeast Asia, a region rich in local cultures.

This study has several limitations. First, the cultural scope is limited to Minangkabau and Malay cultures; 
generalizing the findings to other cultures requires further investigation. Second, the implementation of the 
PIL-STEM learning model based on ethnomathematics was conducted in a limited context, specifically on the 
topics of surface area of a sphere and angle measurement, and thus does not yet cover broader mathematical 
issues. Third, since this study is primarily qualitative and descriptive, and was conducted within a limited 
timeframe, the long-term impact on students’ mathematical abilities could not be comprehensively measured.

Based on these limitations, future research is recommended to develop a similar approach using other local 
cultures in Indonesia and neighboring countries to gain a broader understanding of the effectiveness of culture-
based learning. Additionally, the development of the PIL model, integrated with STEM and ethnomathematics, 
can be applied to other mathematical topics, such as algebra, solid geometry, statistics, and probability. Further 
studies may also employ quantitative or mixed-method designs to more objectively measure improvements in 
students’ mathematical abilities, critical thinking, and creativity.

CONCLUSIONS
The results of this study indicate that the approach is effective in enhancing students’ understanding of 

mathematics through the Project-Based Inquiry Learning (PIL) model integrated with STEM (Science, Technology, 
Engineering, Mathematics) and ethnomathematics. This approach is not limited to students’ own cultures but 
can also incorporate cultures different from theirs. Students were able to concretely discover the surface area 
of a sphere through Minangkabau culture and the relationships between complementary, supplementary, and 
reflex angles through Malay culture.

The implications of this study highlight the potential of STEM- and ethnomathematics-based PIL as 
an innovative approach that can be adopted in national curricula to enhance students’ STEM literacy and 
cultural identity. However, the artistic scope was limited to Minangkabau and Malay cultures, which presents a 
limitation in this research. Therefore, generalizing the findings to other cultures requires further investigation. 
Additionally, since the study was qualitative and descriptive, and conducted within a limited timeframe, the 
long-term impact on students’ mathematical abilities has yet to be thoroughly measured. Future research is 
recommended to expand the sample to various regions, conduct long-term assessments, and develop more 
structured learning modules to support consistent implementation across a broader range of cultural contexts. 

 13    Harisman Y, et al

https://doi.org/10.56294/saludcyt20252090 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


https://doi.org/10.56294/saludcyt20252090

BIBLIOGRAPHIC REFERENCES
1. 	Fauzan A, Harisman Y, Yerizon Y, Suherman S, Tasman F, Nisa S, Sumarwati S, Hafizatunnisa H, Syaputra H. 

Realistic mathematics education (RME) to improve literacy and numeracy skills of elementary school students 
based on teachers’ experience. Infinity Journal. 2024;13:301–316. doi: 10.22460/infinity.v13i2.p301-316.

2. 	Huda A, Armiati A. The Development of Learning Devices with Realistics Mathematics Education Based in 
Program of Mechanical Engineering and Automotive Engineering. J Phys Conf Ser. Institute of Physics Publishing; 
2020.

3. 	Laurens T, Batlolona FA, Batlolona JR, Leasa M. How does realistic mathematics education (RME) improve 
students’ mathematics cognitive achievement? Eurasia Journal of Mathematics, Science and Technology 
Education. 2018;14. doi: 10.12973/ejmste/76959.

4. 	Méndez-Parra C, Conde-Carmona RJ, Padilla-Escorcía IA. Characterisation of Probability Learning in a 
Rural Environment with the Realistic Mathematics Education. Acta Scientiae. 2022;24. doi: 10.17648/acta.
scientiae.6709.

5. 	Muslimin, Indra Putri RI, Zulkardi, Aisyah N. Learning integers with realistic mathematics education approach 
based on islamic values. Journal on Mathematics Education. 2020;11. doi: 10.22342/JME.11.3.11721.363-384.

6. 	Su YS, Cheng HW, Lai CF. Study of Virtual Reality Immersive Technology Enhanced Mathematics Geometry 
Learning. Front Psychol. 2022;13. doi: 10.3389/fpsyg.2022.760418.

7. 	Hwang GJ, Wang SY, Lai CL. Effects of a social regulation-based online learning framework on 
students’ learning achievements and behaviors in mathematics. Comput Educ. 2021;160. doi: 10.1016/j.
compedu.2020.104031.

8. 	Joshi DR, Adhikari KP, Khanal B, Khadka J, Belbase S. Behavioral, cognitive, emotional and social 
engagement in mathematics learning during COVID-19 pandemic. PLoS One. 2022;17. doi: 10.1371/journal.
pone.0278052.

9. 	Mailizar M, Almanthari A, Maulina S. Examining teachers’ behavioral intention to use e-learning in teaching 
of mathematics: An extended tam model. Contemp Educ Technol. 2021;13. doi: 10.30935/CEDTECH/9709.

10. 	 Liu Y, Zhang X, Xiao N. Early predictors of mathematics learning difficulty in rural Chinese children. 
Learn Individ Differ. 2025;118:102630. doi: 10.1016/j.lindif.2025.102630.

11. 	 Reyes R, Regala J, Co A. A Shared Experience of Sciences and Mathematics Teaching during the Pandemic 
in the Philippines: Circumnavigating Challenges into Learning Opportunities and Communal Involvement. 
International Journal of Innovation in Science and Mathematics Education. 2024;32. doi: 10.30722/
IJISME.32.04.002.

12. 	 Ma X, Kishor N. Assessing the Relationship between Attitude toward Mathematics and Achievement in 
Mathematics: A Meta-Analysis. J Res Math Educ. 1997;28:26. doi: 10.2307/749662.

13. 	 Nugroho KUZ, Sukestiyarno Y, Sugiman, Asikin M. Students’ Spatial Ability In Learning Non-Euclid 
Geometry Through Ethnomathematics Approach. Journal of Positive School Psychology. 2022;6.

14. 	 Utami NW, Sayuti SA, Jailani. Math and mate in javanese primbon: Ethnomathematics study. Journal on 
Mathematics Education. 2019;10. doi: 10.22342/jme.10.3.7611.341-356.

15. 	 Xie S, Cai J. Teachers’ Beliefs about Mathematics, Learning, Teaching, Students, and Teachers: 
Perspectives from Chinese High School In-Service Mathematics Teachers. Int J Sci Math Educ. 2021;19:747–769. 
doi: 10.1007/s10763-020-10074-w.

16. 	 Gabriel F, Marrone R, van Broekhoven K. Teaching and learning for creativity in science and mathematics. 
Handbook of Organizational Creativity. Elsevier; 2023. p. 393–405.

17. 	 Hussin H, Yee Jiea P, Raja Rosly RN, Omar SR. INTEGRATED 21ST CENTURY SCIENCE, TECHNOLOGY, 

 Salud, Ciencia y Tecnología. 2025; 5:2090  14 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


ENGINEERING, MATHEMATICS (STEM) EDUCATION THROUGH ROBOTICS PROJECT-BASED LEARNING. Humanities & 
Social Sciences Reviews. 2019;7:204–211. doi: 10.18510/hssr.2019.7222.

18. 	 Tytler R, Anderson J, Williams G. Exploring a framework for integrated STEM: challenges and benefits 
for promoting engagement in learning mathematics. ZDM – Mathematics Education. 2023;55:1299–1313. doi: 
10.1007/s11858-023-01519-x.

19. 	 Weng X, Ng O-L, Cui Z, Leung S. Creativity Development With Problem-Based Digital Making and Block-
Based Programming for Science, Technology, Engineering, Arts, and Mathematics Learning in Middle School 
Contexts. Journal of Educational Computing Research. 2023;61:304–328. doi: 10.1177/07356331221115661.

20. 	 Lestari R, Prahmana RCI, Chong MSF, Shahrill M. DEVELOPING REALISTIC MATHEMATICS EDUCATION-
BASED WORKSHEETS FOR IMPROVING STUDENTS’ CRITICAL THINKING SKILLS. Infinity Journal. 2023;12. doi: 
10.22460/infinity.v12i1.p69-84.

21. 	 Ndiung S, Sariyasa S, Jehadus E, Apsari RA. The Effect of Treffinger Creative Learning Model with the 
Use RME Principles on Creative Thinking Skill and Mathematics Learning Outcome. International Journal of 
Instruction. 2021;14:873–888. doi: 10.29333/iji.2021.14249a.

22. 	 Andrews-Todd J, Jackson GT, Kurzum C. Collaborative Problem Solving Assessment in an Online 
Mathematics Task. ETS Research Report Series. 2019;2019. doi: 10.1002/ets2.12260.

23. 	 Erixon E-L. Learning activities and discourses in mathematics teachers’ synchronous oral communication 
online. Research in Mathematics Education. 2016;18:267–282. doi: 10.1080/14794802.2016.1190667.

24. 	 Gogia LP, Pearson DC. A connected learning approach to general STEM education: Design and reality. 
ACS Symposium Series. 2018.

25. 	 Lasa A, Abaurrea J, Iribas H. MATHEMATICAL CONTENT on STEM ACTIVITIES. Journal on Mathematics 
Education. 2020;11. doi: 10.22342/JME.11.3.11327.333-346.

26. 	 Ng CH, Adnan M. Integrating STEM education through Project-Based Inquiry Learning (PIL) in topic space 
among year one pupils. IOP Conf Ser Mater Sci Eng. 2018.

27. 	 Ong ET, Ayob A, Ibrahim MN, Adnan M, Shariff J, Ishak N. The effectiveness of an in-service training of 
early childhood teachers on stem integration through Project-Based Inquiry Learning (PIL). Journal of Turkish 
Science Education. 2016;13. doi: 10.12973/tused.10170a.

28. 	 Dong Y, Wang J, Yang Y, Kurup PM. Understanding intrinsic challenges to STEM instructional practices 
for Chinese teachers based on their beliefs and knowledge base. Int J STEM Educ. 2020;7. doi: 10.1186/s40594-
020-00245-0.

29. 	 Pathuddin H, Kamariah, Ichsan Nawawi M. Buginese ethnomathematics: Barongko cake explorations as 
mathematics learning resources. Journal on Mathematics Education. 2021;12. doi: 10.22342/jme.12.2.12695.295-
312.

30. 	 Prahmana RCI, Yunianto W, Rosa M, Orey DC. Ethnomathematics: Pranatamangsa system and the birth-
death ceremonial in yogyakarta. Journal on Mathematics Education. 2021;12. doi: 10.22342/JME.12.1.11745.93-
112.

31. 	 Supiyati S, Hanum F, Jailani. Ethnomathematics in sasaknese architecture. Journal on Mathematics 
Education. 2019;10. doi: 10.22342/jme.10.1.5383.47-58.

32. 	 Nurjanah N, Mardia I, Turmudi T. Ethnomathematics study of Minangkabau tribe: formulation of 
mathematical representation in the Marosok traditional trading. Ethnography and Education. 2021;16. doi: 
10.1080/17457823.2021.1952636.

33. 	 Laššová K, Rumanová L. Engaging STEM Learning Experience of Spatial Ability through Activities with 
Using Math Trail. Mathematics. 2023;11. doi: 10.3390/math11112541.

 15    Harisman Y, et al

https://doi.org/10.56294/saludcyt20252090 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


https://doi.org/10.56294/saludcyt20252090

34. 	 Hadiyanti NFD, Hobri, Prihandoko AC, Susanto, Murtikusuma RP, Khasanah N, Maharani P. Development 
of mathematics e-module with STEM-collaborative project based learning to improve mathematical literacy 
ability of vocational high school students. J Phys Conf Ser. 2021;1839. doi: 10.1088/1742-6596/1839/1/012031.

35. 	 Harisman Y, Dwina F, Tasman F. Lecturer professionalism: Local problems with the help of teaching aids 
to make students understand Prim’s, Cruscal’s, and Djiksra’s algorithms. Journal on Mathematics Education. 
2022;13. doi: 10.22342/jme.v13i3.pp479-498.

36. 	 Rahayu PT, Putri RII. PROJECT-BASED MATHEMATICS LEARNING: FRUIT SALAD RECIPES IN JUNIOR HIGH 
SCHOOL. Journal on Mathematics Education. 2021;12:181–198. doi: 10.22342/jme.12.1.13270.181-198.

37. 	 Lidinillah DAM, Rahman, Wahyudin, Aryanto S. INTEGRATING SUNDANESE ETHNOMATHEMATICS INTO 
MATHEMATICS CURRICULUM AND TEACHING: A SYSTEMATIC REVIEW FROM 2013 TO 2020. Infinity Journal. 2022;11. 
doi: 10.22460/infinity.v11i1.p33-54.

38. 	 Mumpuni RH, Marsigit M. Initial perception of junior high students on ethnomathematics-based online 
learning during the COVID-19 pandemic. International Journal of Evaluation and Research in Education. 2022;11. 
doi: 10.11591/ijere.v11i3.21822.

39. 	 Prahmana RCI, D’Ambrosio U. Learning geometry and values from patterns: Ethnomathematics on 
the batik patterns of yogyakarta, indonesia. Journal on Mathematics Education. 2020;11. doi: 10.22342/
jme.11.3.12949.439-456.

40. 	 Sunzuma G, Maharaj A. Teacher-related challenges affecting the integration of ethnomathematics 
approaches into the teaching of geometry. Eurasia Journal of Mathematics, Science and Technology Education. 
2019;15. doi: 10.29333/ejmste/108457.

41. 	 Drljača MD. Constructivist learning theory and logopedagogy in arts education. Croatian Journal of 
Education. 2020;22. doi: 10.15516/cje.v22i0.3850.

42. 	 Rababah EQ. From theory to practice: Constructivist learning practices among Jordanian kindergarten 
teachers. Cypriot Journal of Educational Sciences. 2021;16. doi: 10.18844/CJES.V16I2.5639.

43. 	 Rieger KL, Chernomas WM, McMillan DE, Morin FL. The arts as a catalyst for learning with 
undergraduate nursing students: findings from a constructivist grounded theory study. Arts Health. 2020;12. 
doi: 10.1080/17533015.2019.1608569.

44. 	 Waite-Stupiansky S. Jean piaget’s constructivist theory of learning. Theories of Early Childhood 
Education: Developmental, Behaviorist, and Critical. 2022.

45. 	 Chu SKW, Li X, Mok S. UPCC: A model of plagiarism-free inquiry project-based learning. Libr Inf Sci Res. 
2021;43. doi: 10.1016/j.lisr.2021.101073.

46. 	 Darmuki A, Nugrahani F, Fathurohman I, Kanzunnudin M, Hidayati NA. The Impact of Inquiry Collaboration 
Project Based Learning Model of Indonesian Language Course Achievement. International Journal of Instruction. 
2023;16. doi: 10.29333/iji.2023.16215a.

47. 	 Simonton KL, Layne TE, Irwin CC. Project-based learning and its potential in physical education: 
an instructional model inquiry. Curriculum Studies in Health and Physical Education. 2021;12. doi: 
10.1080/25742981.2020.1862683.

48. 	 Syawaludin A, Prasetyo ZK, Jabar CSA, Retnawati H. The Effect of Project-based Learning Model and 
Online Learning Settings on Analytical Skills of Discovery Learning, Interactive Demonstrations, and Inquiry 
Lessons. Journal of Turkish Science Education. 2022;19. doi: 10.36681/tused.2022.140.

49. 	 Costantino T. STEAM by another name: Transdisciplinary practice in art and design education. Arts 
Education Policy Review. 2018;119. doi: 10.1080/10632913.2017.1292973.

50. 	 Lee S, Mott B, Ottenbreit-Leftwich A, Scribner A, Taylor S, Park K, Rowe J, Glazewski K, Hmelo-Silver 

 Salud, Ciencia y Tecnología. 2025; 5:2090  16 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


CE, Lester J. AI-Infused Collaborative Inquiry in Upper Elementary School: A Game-Based Learning Approach. 
35th AAAI Conference on Artificial Intelligence, AAAI 2021. 2021.

51. 	 Altmeyer K, Kapp S, Thees M, Malone S, Kuhn J, Brünken R. The use of augmented reality to foster 
conceptual knowledge acquisition in STEM laboratory courses—Theoretical background and empirical results. 
British Journal of Educational Technology. 2020.

52. 	 Chai CS. Teacher Professional Development for Science, Technology, Engineering and Mathematics 
(STEM) Education: A Review from the Perspectives of Technological Pedagogical Content (TPACK). Asia-Pacific 
Education Researcher. 2019;28. doi: 10.1007/s40299-018-0400-7.

53. 	 Ganley CM, George CE, Cimpian JR, Makowski MB. Gender Equity in College Majors: Looking Beyond 
the STEM/Non-STEM Dichotomy for Answers Regarding Female Participation. Am Educ Res J. 2018;55. doi: 
10.3102/0002831217740221.

54. 	 Anđić B, Ulbrich E, Dana-Picard T (Noah), Cvjetićanin S, Petrović F, Lavicza Z, Maričić M. A 
Phenomenography Study of STEM Teachers’ Conceptions of Using Three-Dimensional Modeling and Printing 
(3DMP) in Teaching. J Sci Educ Technol. 2023;32. doi: 10.1007/s10956-022-10005-0.

55. 	 Bertrand MG, Namukasa IK. A pedagogical model for STEAM education. Journal of Research in Innovative 
Teaching and Learning. 2023;16. doi: 10.1108/JRIT-12-2021-0081.

56. 	 Castle SD, Byrd WC, Koester BP, Pearson MI, Bonem E, Caporale N, Cwik S, Denaro K, Fiorini S, Li Y, et 
al. Systemic advantage has a meaningful relationship with grade outcomes in students’ early STEM courses at 
six research universities. Int J STEM Educ. 2024;11. doi: 10.1186/s40594-024-00474-7.

57. 	 Geiger V, Mulligan J, Date Huxtable L, Ahlip R, Heath Jones D, Julian May E, Rylands L, Wright I. An 
interdisciplinary approach to designing online learning: Fostering pre-service mathematics teachers’ capabilities 
in mathematical modelling. ZDM - Mathematics Education. 2018;50. doi: 10.1007/s11858-018-0920-x.

58. 	 Lee I, Malyn-Smith J. Computational Thinking Integration Patterns Along the Framework Defining 
Computational Thinking from a Disciplinary Perspective. J Sci Educ Technol. 2020;29. doi: 10.1007/s10956-019-
09802-x.

59. 	 Tytler R, Mulligan J, Prain V, White P, Xu L, Kirk M, Nielsen C, Speldewinde C. An interdisciplinary approach to 
primary school mathematics and science learning. Int J Sci Educ. 2021;43. doi: 10.1080/09500693.2021.1946727.

60. 	 Chang D, Hwang GJ, Chang SC, Wang SY. Promoting students’ cross-disciplinary performance and higher 
order thinking: a peer assessment-facilitated STEM approach in a mathematics course. Educational Technology 
Research and Development. 2021;69. doi: 10.1007/s11423-021-10062-z.

61. 	 Chondrogiannis E, Symeonaki E, Papachristos D, Loukatos D, Arvanitis KG. Computational thinking and 
stem in agriculture vocational training: A case study in a greek vocational education institution. Eur J Investig 
Health Psychol Educ. 2021;11. doi: 10.3390/ejihpe11010018. 

62. 	 Juric P, Bakaric MB, Matetic M. Cognitive predispositions of students for STEM success and differences 
in solving problems in the computer game for learning mathematics. International Journal of Engineering 
Pedagogy. 2021;11. doi: 10.3991/IJEP.V11I4.20587.

63. 	 Oktaviana E, Aima Z. Validity of Application-Assisted Project-Based Learning Liveworksheet on Linear 
Program Material. Rangkiang Mathematics Journal. 2023;2:2023.

64. 	 Putri AP, Harisman Y, Hidayat W, Harun L. A Case Study of Prospective Teacher Students’ Views on the 
Position of Mathematics on Human Civilization. Rangkiang Mathematics Journal. 2022;1:2022.

65. 	 Vergara Pareja CM, Niño Vega JA, Fernández Morales FH. Fortalecimiento de la lectura crítica en inglés 
a estudiantes de grado quinto a través de un recurso educativo digital. Revista Colombiana De Tecnologías De 
Avanzada (RCTA). 2022; 2(40):160–170. https://doi.org/10.24054/rcta.v2i40.2370

66. Rahma S, Anaguna N. The Effect of the Discovery Learning Model with Student Worksheets on Students’ 

 17    Harisman Y, et al

https://doi.org/10.56294/saludcyt20252090 ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090


https://doi.org/10.56294/saludcyt20252090

Mathematical Concept Comprehension Ability. 4:2025.

67. 	 Anggaraini M L. E all. 38. Ethnomathematics Exploration on Traditional Herbal Medicine-Making Tools at 
Sumenep Palace. Rangkiang Mathematics Journal. 2024;

FINANCING
The authors would like to thank the LPPM of Universitas Negeri Padang for funding this work with contract 

number: 1532/UN35.15/LT/2025.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHORSHIP CONTRIBUTION
Conceptualization: Yulyanti Harisman, Hafizatunnisa.
Data curation: Yulyanti Harisman, Hafizatunnisa, Aqilul Asra.
Formal analysis: Hafizatunnisa.
Research: Yulyanti Harisman, Armiati, Suherman, Hafizatunnisa, Aqilul Asra.
Methodology: Yulyanti Harisman, Hafizatunnisa.
Project management: Yulyanti Harisman.
Resources: Hafizatunnisa.
Supervision: Yulyanti Harisman.
Validation: Mazlini Adnan, Yoppy Wahyu Purnomo.
Drafting - original draft: Hafizatunnisa.
Writing - proofreading and editing: Hafizatunnisa.

 Salud, Ciencia y Tecnología. 2025; 5:2090  18 

ISSN: 2796-9711

https://doi.org/10.56294/saludcyt20252090

