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Research indicates that both pre-service and in-service teachers struggle with explaining mathematical concepts to elementary school students due to insufficient mathematical and didactic knowledge. This study aims to examine the effects of Project-Based Ethno-Didactics of Mathematics Learning on pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge. This is a quasi-experimental study with a one-group pre-test and post-test design. The participants in the study were 39 s-year pre-service elementary teachers from a public university in Riau province, Indonesia, enrolled in an elementary school teacher education program. A non-parametric statistical test (Wilcoxon test) was utilized to analyze the data and test the hypothesis. The findings of this study revealed that Project-Based Ethno-Didactics of Mathematics Learning has a significant effect on pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge. However, some areas of mathematical and didactic understanding showed only moderate gains, suggesting the need for deeper integration of content-specific ethno-didactics strategies in teacher education programs.
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1 Introduction

The proliferation of technological developments and the fourth industrial revolution that have impacted the world have not brought significant changes to education in Indonesia. This can be observed from the results of the Program for International Student Assessment (PISA) implemented by the OECD, where the abilities of Indonesian students still lag behind the global average. Particularly, the average mathematics score for Indonesian students is only 366, compared to the OECD average score of 472 (OECD, 2023). This poses a challenge for policymakers and educational developers, as the current programs implemented are still far from meeting expectations in enhancing students’ literacy and numeracy skills.

The slow pace of change in education in Indonesia, particularly in mathematical competence, is attributed to various factors, one of which is a low level of mathematical, didactic, and technological knowledge among teachers. The results of the latest study conducted by Putra et al. (2022) reveal that teachers’ mathematical and didactic knowledge obtained an average score of 3.71 on a scale of 5, indicating that their knowledge is still unsatisfactory. Several other studies related to teachers’ mathematical and didactic knowledge have found that both pre-service teachers and teachers struggle to explain mathematical concepts to elementary school students (Biehler et al., 1994; Neto et al., 2020; Putra et al., 2021). Many of them also experienced difficulties in understanding mathematical concepts such as fractions (Johar et al., 2017; Thanheiser et al., 2010). Research conducted by Neto et al. (2020) on teachers’ mathematical and didactic knowledge in Angola concluded that their knowledge remains at a low level. Meanwhile, didactic knowledge is essential for teachers to effectively convey mathematical knowledge using procedures and concepts when solving mathematical problems (Díaz and Poblete, 2017; Putra, 2019b). Mathematical and didactic knowledge, to some extent, looks similar to content knowledge (CK) and pedagogical content knowledge (PCK) (Cueto et al., 2017), which have been widely recognized as crucial components in mathematics education (Shulman, 1986). However, it goes beyond teachers’ practices but also theories (Putra, 2019a). Teachers’ mathematical knowledge relates to the mathematical concepts, such as using techniques and theories of learning mathematics, and the didactic knowledge refers to the conditions and mechanisms of mathematics teaching and learning, requiring an analysis specific to the target knowledge (Putra, 2019a; Winsløw and Durand-Guerrier, 2007).

Teachers’ mathematical and didactic knowledge, particularly in Indonesia, still primarily focuses on teaching elementary school students using procedural techniques and methods (Putra, 2019b). Consequently, when students forget these techniques and methods, they struggle to solve the presented mathematical problems. This is because teachers and pre-service teachers fail to explain the underlying concepts behind solving mathematical problems using appropriate approaches (Putra, 2019b). On the other hand, a study conducted by Hill et al. (2005) examined how teachers’ mathematical knowledge in teaching contributes to increased student mathematics achievement. One way to innovate mathematics learning for teachers and pre-service teachers is to adopt a mathematics learning philosophy that is developed within the country.

Researchers have seen a gap between the mathematical and didactic knowledge that teachers should have and what they currently possess. Their mathematical and didactic knowledge needs to be prepared, and they need to optimize the national culture in supporting mathematics learning in elementary schools. This is because Indonesia is known as a country rich in ethnicity and culture. Indonesia, as the fourth most populous country in the world, consists of more than 17.000 islands and has more than 1.300 ethnic groups, each with diverse cultural traditions and educational perspectives (Astari et al., 2024; Gerdts et al., 2022). However, despite its rich cultural, the education system still faces challenges in effectively integrating these cultural elements into learning, especially in mathematics education (Novikasari et al., 2024; Payadnya et al., 2024; Wulandari et al., 2024).

The connection between mathematics and culture is an idea that has developed long before, or it could be said that mathematics emerged because of the needs and civilization of a culture. The combination of culture and mathematics is known as ethnomathematics (D’Ambrosio, 1985). Therefore, this research aims to implement a learning approach that combines project-based learning with ethnomathematics, and didactics of mathematics, called the Project-based Ethno-Didactics of Mathematics Learning, to increase pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge. Thus, the research questions of this study are:

1. How does project-based ethno-didactics of mathematics learning impacts pre-service elementary teachers’ perspectives on instructional learning based on ethno-didactics of mathematics?

2. How does project-based ethno-didactics of mathematics learning impacts pre-service elementary teachers’ mathematical knowledge?

3. How does project-based ethno-didactics of mathematics learning impacts pre-service elementary teachers’ didactic knowledge?



2 Theoretical background


2.1 Team-based projects

Team-based projects are a form of intensive and specific small group-based learning (Hrynchak and Batty, 2012). The problem-solving process in team-based projects is carried out in groups (Lightner et al., 2007). This learning model is ideal for implementation in universities because it provides space for students to develop their knowledge and skills. Therefore, the Ministry of Education, Culture, Research, and Higher Education of the Republic of Indonesia emphasizes the importance of real experience and cooperative learning, which can be expressed in team-based projects (Kemendikbudristek, 2021). Team-based project learning in higher education aims to improve the quality of learning and the relevance of higher education to the world of work. This means that universities must have the ability to design and implement learning in innovative ways so that students can achieve learning that includes their attitudes, knowledge, and skills most effectively.

Empirical research has demonstrated that team-based projects contribute significantly to teachers’ professional growth. For example, Baum et al. (2017) found that collaborative projects improved college students’ foundational mathematical knowledge and research capabilities. Similarly, Tauro et al. (2017) reported that integrating mechatronics in project-based learning positively influenced teacher pedagogical development and student engagement in STEM education. In addition, The integration of team-based project into educational practices provides a framework to engage pre-service teachers in collaborative, innovative, and reflective learning experiences, thereby improving pre-service teachers’ outcomes and fostering a deeper understanding of mathematics (Makamure, 2025). These findings underscore the potential of team-based projects to cultivate pre-service teachers’ mathematical and didactic knowledge through active learning and collaboration.



2.2 Ethno-didactic of mathematics

D’Ambrosio, a Brazilian mathematician, introduced ethnomathematics in 1977. According to him, ethnomathematics is mathematics used by identifiable cultural groups such as work groups, children of certain age classes, and professional classes (D’Ambrosio and Ascher, 1994). D’Ambrosio (1985) states that the purpose of ethnomathematics is to recognize that there are different ways of doing mathematics teaching for several reasons: the academic mathematical knowledge is developed by different parts of society and the different ways in which people from different cultures interact with mathematics, such as collecting, calculating, measuring, designing buildings or tools, and playing in other things.

Ethnomathematics is not merely a supplementary component in mathematics education but a fundamental framework that allows for a culturally responsive approach to teaching and learning. Orey and Rosa (2007) argue that mathematics is considered a social and cultural product, making ethnomathematics an essential bridge between mathematical concepts and real-life applications. As Meissner (2015) highlights, ethnomathematics fosters deeper understanding among students by connecting abstract mathematical ideas with tangible cultural artifacts and practices. This integration is particularly effective because cultural elements are inherently familiar to students, making mathematical learning more meaningful and engaging. Furthermore, Fendrik et al. (2020) assert that ethnomathematics provides teachers with creative methods and culturally relevant instructional materials, enhancing the overall learning experience. D’Ambrosio (1985) further supports this perspective by emphasizing that ethnomathematics serves as a means to express the profound relationship between culture and mathematics.

To systematically investigate the role of ethnomathematics in mathematics education, Hendriyanto et al. (2023) conducted a comprehensive review, classifying “cultural forms” in ethnomathematics into three key categories: ideas, practices, and artifacts. These classifications provide a structured framework for understanding the diverse cultural dimensions that influence mathematical thought and pedagogy. Recognizing these cultural elements is crucial for designing instructional strategies that effectively integrate ethnomathematics into the classroom.

Ethnomathematics helps students understand and learn mathematics because it gives them the freedom to think, not only in conventional ways, but can also help them apply mathematical concepts in various ways that students can find in everyday life. A study conducted by Zulaekhoh and Hakim (2021) found that Javanese culture-based ethnomathematics was able to help students build understanding in mathematics learning. Despite its potential, ethnomathematics alone may not provide a complete instructional framework for effective classroom implementation. It requires integration with established mathematical learning theories to maximize its impact.

To be integrated into classroom instruction, ethnomathematics as a theory of mathematics education should be combined with other theories. An earlier study conducted by Prahmana (2022) suggested concepts for merging ethnomathematics with realistic mathematics education. The two theories were integrated because they had comparable ideas, making the integration of the two theories appear straightforward. However, beyond the integration with Realistic Mathematics Education, ethnomathematics can also be enriched by didactic principles that structure the learning process systematically and methodologically (Blum et al., 2019).

The integration of ethnomathematics and didactics of mathematics is a novel concept because these two areas can complement one another. Instead of merely focusing on the general principles of didactics of mathematics (Chevallard, 2006), the emphasis in this study is on how ethnomathematics can be applied in the teaching of mathematics through didactic strategies. A study conducted by Dia et al. (2024), for instance, tried to develop an instructional learning of computational thinking based on Malay traditional games. Through this integration, students are directly involved in game activities and mathematics learning. Thus, Ethno-Didactics of Mathematics is a learning approach that blends ethnomathematics and didactic of mathematics. The ethno-didactics of mathematical learning approach is a continuation of prior study Putra et al. (2020) focusing on boosting pre-service elementary teachers’ mathematical and didactic knowledge. Thus, ethno-didactics of mathematics is defined as an approach to learning mathematics that emphasizes students’ understanding of mathematical concepts by integrating culture in the learning process.




3 Methods


3.1 Study design

This study applied a quasi-experimental using a one-group pre-test-post-test design (Creswell and Creswell, 2018). We chose this method to assess the impact of project-based ethno-didactics of mathematics learning on pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge. The intervention lasted for 3 weeks and included lectures, small group projects, and group and classroom discussions. The students were required to study for 8.5 h each week. The intervention consisted of three phases:

1. Introduction to ethno-didactics of mathematics: the teacher educator introduced fundamental concepts of ethno-didactics and discussed the integration of cultural elements in mathematics learning.

2. Team-based project implementation: pre-service teachers collaborated in small groups to design and analyze mathematical tasks embedded in their cultural context.

3. Task refinement and peer review: pre-service teachers shared and refined their mathematical and didactic tasks through virtual and in-class discussions.

The team-based project was incorporated by grouping students into small teams (3–4 members) to collaboratively develop and evaluate ethnomathematical tasks. This process facilitated deeper understanding and encouraged collaborative problem-solving. Therefore, the hypotheses of this study are as follows:


H1: Project-based ethno-didactics of mathematics learning affects pre-service elementary teachers' perspectives on instructional learning based on ethnno-didactics of mathematics.

H2: Project-based ethno-didactics of mathematics learning affects pre-service elementary teachers' mathematical knowledge.

H3: Project-based ethno-didactics of mathematics learning affects pre-service elementary teachers' didactic knowledge.
 



3.2 Participants

The participants were 39 s-year pre-service elementary teachers (2 male and 37 female) enrolled in an elementary school teacher education program at a public university in Riau province, Indonesia. The participants were in their third semester of the 2023/2024 academic year. They were taking a mathematics education course titled “Mathematics Learning in Elementary Schools.” The participants’ average age was 19.02 years (SD = 0.56). All participants had already completed two fundamental mathematics courses, (1) numbers and algebra, and (2) geometry, measurement, and data. Participants were selected using purposive sampling ensuring they had prior coursework relevant to the study’s objectives.



3.3 Instrument

The data collection instruments consisted of questionnaires, mathematical tasks, and didactic tasks. The questionnaires aimed to assess pre-service elementary teachers’ perspectives on ethno-didactics of mathematics (6 questions). The mathematical tasks were used to evaluate pre-service elementary teachers’ mathematical knowledge (4 tasks), while the didactic tasks were designed to assess pre-service elementary teachers’ ability to construct mathematical tasks based on ethno-didactics of mathematics (5 tasks). All tasks were presented through Google e-learning integrated with the university mail account. All participants had access to the data on the e-learning platform.

Figure 1 presents an example of a mathematical task. The task is embedded within a Malay Riau cultural context, leveraging familiar elements from the participants’ daily experiences in Riau province. However, the incorporation of cultural context alone does not define the task as ethnomathematics. Instead, the task explicitly integrates mathematical reasoning rooted in proportional relationships observed in traditional Malay craftsmanship. This approach aligns with ethnomathematical perspectives that connect mathematical concepts with cultural practices.

[image: Figure 1]

FIGURE 1
 An example of a mathematical task.


The didactic tasks required pre-service elementary teachers to formulate a mathematical task by integrating identifiable ethnomathematical aspects beyond mere cultural references. Specifically, participants were expected to incorporate mathematical structures, problem-solving strategies, or measurement techniques derived from local traditions. Figure 2 presents an example of a didactic task, requiring participants to design a measurement-based mathematical task that reflects the mathematical principles inherent in Malay cultural artifacts, such as traditional weaving patterns or house construction techniques.

[image: Figure 2]

FIGURE 2
 An example of a didactic task.


By focusing on explicit mathematical elements within cultural contexts, this study ensures that the mathematical tasks developed by participants are authentically ethnomathematics rather than merely culturally contextualized. Furthermore, participants’ responses were analyzed to identify the extent to which they incorporated ethnomathematical aspects in their task designs, including mathematical procedures, representations, and contextual reasoning.



3.4 Procedure and data analysis

The questionnaires and tasks were administered through the e-learning platform integrated with the university’s Google mail system, where participants received the materials via classroom with notification through their mail as part of their course assignments. The tasks were provided by the course instructors who were responsible for guiding the participants through the activities and assignments during the learning process. The participants completed the pre-test before the commencement of the instructional process using project-based ethno-didactics of mathematics learning. Afterwards, the participants took the post-test after completing the course material at the end of week 3. The time allocated for completing the tasks was 8.5 h per week, which was designed to allow participants enough time to engage deeply with the content while balancing their other responsibilities. This duration was based on the course workload expectations and the need for participants to apply mathematical concepts in real-world contexts.

The questionnaires and tasks were administered through the course platform, and the participants were required to complete them in 75 min. Each item in the questionnaires consists of multiple choices from poor (1) to 5 (outstanding). Meanwhile, pre-service elementary teachers’ answers for mathematical and didactic tasks were evaluated for correctness. Each answer to the task was scored 0, 1, or 2: score 0 for an incorrect answer, score 1 for a partially correct answer such as meaningless ethnomathematics contexts, and score 2 for a fully correct answer (Putra et al., 2023). Pre-service elementary teachers’ score was converted into 100 and then categorized as shown in Table 1.



TABLE 1 Category for pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge.
[image: Table1]

The pre-test and post-test were similar, but the order of questionnaires and tasks were randomly given to the participants to avoid bias on their answers. The pre-test was designed to gauge baseline knowledge, while the post-test aimed to measure improvement. This approach addresses concerns over potential biases in evaluating growth, ensuring a clear assessment of learning gains.

To ensure validity and reliability of the data, the first and fifth authors separately coded all prospective teachers’ answers. The inter-rate reliability of this coding resulted in a value of 0.87. For different results, we discussed and asked some opinions from other authors in decision making.




4 Results

The results of descriptive statistics relating to pre-service teachers’ perspectives, mathematical knowledge, and didactic knowledge are presented in Table 2. The pre-service teachers have better perspectives than mathematical and didactic knowledge. Pre-service teachers’ perspectives reach the highest mean score in the pre and post-test results. None of their pre-test scores achieve a good category or above. We have noticed that pre-service teachers have very poor didactic knowledge in the pre-test compared to the others. The standard deviation of this variable (SD: 26.61) reaches almost twice the standard deviation of the perspective variable. However, pre-service teachers’ didactic knowledge obtained the highest increase, namely 40.60, so the category changed from poor to good, the same as perspectives. This contrasts with teachers’ mathematical knowledge which only increased by 19.88, and the standard deviation remains the same at 24 points. Overall, pre-service teachers’ perspectives, mathematical, and didactic knowledge increase after the implementation of project-based ethno-didactics of mathematics learning.



TABLE 2 Pre-service teachers’ perspectives, mathematical knowledge, and didactic knowledge.
[image: Table2]

A non-parametric statistical test (Wilcoxon) was conducted to test the hypothesis of whether there is a significant difference (level of significance = 0.05) of pre-service teachers’ perspectives, mathematical knowledge, and didactic knowledge between before and after the implementation of project-based ethno-didactics of mathematics learning. The non-parametric statistical test was used because there was data that was not normally distributed. The results of the Wilcoxon test revealed that there is a significant difference in pre-service teachers’ perspectives between pre and post-test (Table 3). Table 3 also shows that there is a significant difference in pre-service teachers’ mathematical and didactic knowledge between pre and post-test. These findings indicate that project-based ethno-didactics of mathematics learning has a significantly positive effect on pre-service teachers’ perspectives, mathematical knowledge, and didactic knowledge.



TABLE 3 Wilcoxon test for pre-service teachers’ perspectives, mathematical knowledge, and didactic knowledge.
[image: Table3]

To get a more detailed picture, we analysed each item of the perspective variable. As presented in Table 4, “knowing what ethnomathematics is and can explain it” obtained the highest mean value in the pre-test and the post-test. Meanwhile, “designing an ethno-didactics of mathematics-based learning instruction” reached the lowest score in both the pre-test and post-test. However, the perspectives in each item increased, and the highest increase is about explaining what ethno-didactics of mathematics is. This item also has the smallest standard deviation compared to other variables.



TABLE 4 Pre-service teachers’ perspectives.
[image: Table4]

We also conducted the Wilcoxon test to determine whether each perspective item had a significant difference between the pre-test and post-test. As presented in Table 5, each item has a significant difference so it can be concluded that each item supports pre-service elementary teachers’ perspectives in implementing project-based ethno-didactics of mathematics learning in the course.



TABLE 5 Wilcoxon test for pre-service teachers’ perspectives.
[image: Table5]

Among the four ethnomathematical tasks, the task about ratio was the most challenging for the pre-service elementary teachers. Where the average score for both pre-and post-tests is below 25% correct answer (Table 6). The task of ratio is that pre-service teachers are asked to determine the width of the photo frame of the Idrus Tintin building which is initially enlarged from 8 cm to… and the height of the photo is enlarged from 7 cm to 11.5 cm (Figure 1). Many pre-service teachers used additive reasoning rather than multiplicative reasoning, so they calculated the height of an enlarged photo is enough to add 4.5 cm to 8 cm. This technique is not appropriate for finding the height of the enlarged photo.



TABLE 6 Pre-service teachers’ mathematical knowledge.
[image: Table6]

By using the Wilcoxon test, we found that pre-service elementary teachers’ mathematical knowledge did not significantly increase in solving ethnomathematical tasks about geometry. Their abilities are better than the other two tasks (M1 and M3), but in reality, implementing Project-based Ethno-Didactic of Mathematics Learning does not influence their mathematical knowledge about Geometry (Table 7).



TABLE 7 Wilcoxon test for pre-service teachers’ mathematical knowledge.
[image: Table7]

Pre-service elementary teachers’ didactic knowledge was measured using their competencies in completing the Ethno-Didactic of Mathematics tasks (Table 8). They performed much better on the construction the ethno-didactic of mathematics task about measurement in the pre and post-test. However, they still struggled to construct the task on Geometry, particularly in distinguishing between Geometry and Measurements. Most of them constructed a similar didactic task for Geometry and Measurement.



TABLE 8 Pre-service teachers’ didactic knowledge.
[image: Table8]

The improvement of pre-service teachers’ didactic knowledge is supported by the increase in their knowledge of each item. For instance, participant 2 provided an answer for the Ethno-Didactic of Mathematics Task about Measurement in the pre-test as follows:


Bibi went to a traditional market to buy 5 kg of sugar, 20 dag of red onion, 3 hg of chilies, and 1 pound of garlic. When she was going home, she bought another 4 kg of potatoes. How many kg did she buy in total?
 

This answer was coded as partially correct answer due to a lack of ethnomathematics context as well as uncommon measurement units in the didactical task. However, she improved her answer in the post-test with a sufficient ethnomathematics context as follows:


If Adi wants to make a batik shirt with a waving coconut motif to a batik craftsman with a fabric 6 fathom long and 3 fathom wide. Then how many square meters of batik fabric are needed if 1 fathom is equal to 45 cm?
 

This answer was coded a fully correct answer because it provided an ethnomathematics context of batik. Batik is one of Indonesia’s cultural heritages that has been recognized by UNESCO (2009).

Based on the results of the Wilcoxon test, there was a significant increase in each of their abilities in constructing Ethno-Didactics of Mathematics tasks. This means that implementing Project-based Ethno-Didactics of Mathematics Learning has a considerable effect on each of pre-service teachers’ didactic knowledge (Table 9).



TABLE 9 Wilcoxon test for pre-service teachers’ didactic knowledge.
[image: Table9]



5 Discussion

The present study aims to evaluate the effect of Project-Based Ethno-Didactics of Mathematics Learning on pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic knowledge. In general, there is a significant effect of the approach on these three variables, which will be discussed in detail in the following paragraphs.

Regarding the first hypothesis, the findings of this study indicate that Project-Based Ethno-Didactics of Mathematics Learning significantly affects pre-service elementary teachers’ perspectives regarding their competency in instructional methods based on Ethno-Didactics of Mathematics. This implies that project-based learning may be perceived as an appropriate instructional learning method by pre-service elementary teachers. However, it is important to clarify that the study did not directly investigate whether the project-based learning method itself is the sole cause of the improved perspective. Rather, the findings suggest that pre-service teachers believe project-based learning is an appropriate method. This finding builds upon previous research that has shown the positive effect of project-based learning on pre-service teachers’ self-efficacy (Mahasneh and Alwan, 2018). Additionally, integrating ethnomathematics into project-based learning enriches existing mathematics learning models, as previous studies have typically focused on presenting these ideas separately. For example, Kara and Togrol (2010) examined the effect of instruction integrated with ethnomathematics on students’ attitudes. This integration of ethnomathematics within project-based learning could offer a comprehensive alternative to support pre-service teachers, as well as students.

Project-Based Ethno-Didactics of Mathematics Learning also has a significant and positive effect on pre-service elementary teachers’ mathematical knowledge. Overall, pre-service elementary teachers showed improvement in their mathematical knowledge, although they struggled with tasks related to ratios. They tended to prefer additive reasoning over multiplicative reasoning. This finding is supported Çalışıcı (2018) study which found that students often have misconceptions when answering ratio-proportion problems due to confusion about the direction of the process in decreasing or increasing the numbers in the proportion. Additionally, there was no significant effect on the ethnomathematical task related to geometry. This suggests that geometry tasks can be challenging for some pre-service elementary teachers due to difficulties with spatial orientation and reasoning. This difficulty could be tied to the theoretical complexity of geometry, which involves abstract concepts like the properties of shapes and spatial reasoning. Moreover, spatial orientation is closely related to loops, conditions, and decomposition (Salac et al., 2023). Furthermore, it is important to consider the role of ethnomathematics in addressing these challenges. Ethnomathematics involves contextualizing mathematical concepts within students’ cultural contexts, and this approach can help bridge the gap between theoretical and practical knowledge. This could potentially aid pre-service teachers in better understanding of challenging mathematical concepts like geometry.

The last aspect that we investigate in this study is the effect of Project-Based Ethno-Didactics of Mathematics Learning on pre-service elementary teachers’ didactic knowledge. Their didactic knowledge is evaluated by their performance toward posing ethno-didactics of mathematics tasks based on several mathematics domains. Problem posing has been effective in evaluating pre-service teachers’ didactic knowledge (Afrillia et al., 2022; Putra et al., 2023). In general, pre-service elementary teachers were successful in posing ethno-didactics of mathematics tasks, but they had a little bit of challenges in posing the task related to Geometry. They tend to pose the task of measurement. This suggests that pre-service elementary teachers may have difficulty distinguishing between geometry and measurement. Therefore, pre-service elementary teachers in this study could have difficulties with the difference and connection between geometry and measurement. Therefore, we need to emphasis the theoretical lens of geometry as mathematical knowledge related to properties of shape and space such as figure distance, shape, size, and relative location. This distinction can be challenging for some students and teachers to grasp., especially because it belongs to a theoretical dimension as discussed in praxeology within the Anthropological Theory of the Didactic by Chevallard (2006). Therefore, further attention and support may be necessary to enhance the comprehension of geometry concepts in the context of mathematics instruction.



6 Concluding remarks, limitation, future research, and implication

In summary, the findings of our study suggest that the Project-Based Ethno-Didactics of Mathematics Learning holds excellent promise as an instructional model for enhancing pre-service teachers’ mathematical and didactic knowledge. It offers a dynamic approach that integrates cultural and real-world contexts and has demonstrated positive effects on various aspects of teacher competence. However, it is essential to acknowledge that our study has certain limitations.

One notable limitation is the relatively small sample size used in this research, which can impact the generalizability of our findings. Additionally, the absence of control groups in the study design makes it challenging to isolate the specific effects of the Project-Based Ethno-Didactics of Mathematics Learning model. Future studies are necessary to build upon this initial research and further strengthen the validity of the model. These studies should address our identified limitations, such as expanding the sample size and incorporating control groups for comparison. By doing so, we can develop a more comprehensive and robust understanding of the model’s perspectives and its potential impact on pre-service teachers’ mathematical and didactic knowledge. This ongoing research will contribute to refining and validating the model as a valuable tool in teacher education and professional development.

The study’s findings significantly contribute to innovative teaching methodologies by demonstrating the positive impact of the Project-Based Ethno-Didactics of Mathematics Learning on pre-service elementary teachers’ perspectives, mathematical knowledge, and didactic skills. This research enriches the existing knowledge base by emphasizing the potential of this approach for teacher training and highlighting the importance of infusing cultural and real-world contexts in mathematics education. However, it underscores the need for further investigation into optimizing the development of mathematical and didactic knowledge in specific content areas.

Additionally, policymakers can consider these findings when designing teacher education programs, with a focus on addressing challenges in enhancing learning, particularly in exact mathematical domains. For educators, this study provides insights into the benefits of incorporating elements of this approach into teaching practices. It emphasizes the importance of ongoing professional development to address specific challenges in various mathematical content areas, ultimately empowering teachers to better support their students’ learning.
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