
Journal on Mathematics Education 
Volume 16, No. 2, 2025, pp. 671-688 

        http://doi.org/10.22342/jme.v16i2.pp671-688  

Integrating technology, Javanese ethnomathematics, and realistic 

mathematics education in supporting prospective mathematics 

teachers' numeracy skills: A learning trajectory 

Farida Nursyahidah , Wardono* , Scolastika Mariani , Kristina Wijayanti  

Mathematics Education Department, Universitas Negeri Semarang, Semarang, Indonesia 
*Correspondence: wardono@mail.unnes.ac.id  

Received: 30 November 2024 | Revised: 10 July 2025 | Accepted: 13 July 2025 | Published Online: 17 July 2025 

© The Authors 2025 

Abstract  

In the era of the 21st century and Industrial Revolution 4.0, prospective mathematics teachers (PMTs) are 
expected not only to possess strong mathematical content knowledge but also to develop pedagogical 
approaches that promote students’ numeracy skills in meaningful and contextually relevant ways. However, 
despite growing global attention to numeracy, there remains a gap in instructional models that effectively integrate 
local cultural contexts and technological tools in the preparation of PMTs. Addressing this gap, this study 
introduces a novel learning trajectory that embeds technology, Javanese ethnomathematics, and Realistic 
Mathematics Education into a coherent instructional design framework, namely TE-RME aimed at enhancing 
PMTs' numeracy competencies. The research employed a design research methodology encompassing three 
iterative stages: preliminary design, design experiments consisting of a pilot and teaching experiment, and 
retrospective analysis. The participants were 25 fifth-semester PMTs enrolled at a private university in Semarang, 
Indonesia. The resulting trajectory comprises five learning activities, such as orientation to cultural contexts, 
exploration and problem-solving of numeracy tasks, task design involving numeracy elements, communication 
and interpretation of mathematical solutions, and instructional design involving the integration of numeracy tasks. 
Findings revealed that the TE-RME approach effectively supported PMTs in making meaningful connections 
between culturally embedded practices and everyday mathematical reasoning. By engaging with authentic local 
contexts, students demonstrated increased fluency in solving numeracy problems and designing contextually 
relevant learning activities. This research contributes a culturally responsive instructional model for mathematics 
teacher education and underscores the pedagogical potential of integrating local wisdom with contemporary 
mathematics education approaches. Implications point to further research exploring other ethnomathematical 
contexts to enrich mathematics instruction and promote equitable and culturally grounded mathematics learning. 
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Numeracy refers to an individual's capacity to comprehend, utilize, and interpret numbers and 

mathematical operations across a variety of contexts (Dalim et al., 2023; Kohar et al., 2022; Liljedahl, 

2015; OECD, 2016). Beyond basic arithmetic, numeracy encompasses the ability to think mathematically 

by employing relevant concepts, procedures, facts, and tools to solve real-world problems in meaningful 

contexts, both as Indonesian citizens and as global participants. This conception aligns closely with the 
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OECD’s definition of mathematical literacy in the Programme for International Student Assessment 

(PISA), which emphasizes the capacity to reason mathematically, and to formulate, apply, and interpret 

mathematics in authentic contexts (OECD, 2019). Within Indonesia's curriculum, this is encapsulated in 

the idea of "thinking," referring to the cognitive processes involved in mathematical reasoning and 

problem-solving with real-world contexts. 

Numeracy is a multidimensional competency encompassing civic, digital, workplace, financial, and 

health-related domains (Gal et al., 2020). It plays a pivotal role in learners' academic achievement and 

everyday decision-making (Duckworth, 2009) and contributes to their ability to engage in lifelong learning. 

A robust understanding of mathematical ideas supports the interpretation of numerical information 

encountered in daily life and enhances adaptability to technological and scientific advancements (Rosnelli 

& Ristiana, 2023). Furthermore, numeracy underpins employability in fields such as science, technology, 

economics, and finance (Straesser, 2015), where analytical and data-driven decision-making is essential 

(Michael & Lupton, 2016; Singh et al., 2023). It also supports financial autonomy (Grotlüschen et al., 2019) 

and health literacy (Heilmann, 2020), enabling individuals to make informed decisions regarding 

budgeting, investing, medication dosages, and interpreting health indicators. 

Despite its significance, empirical evidence consistently indicates that Indonesian students exhibit 

persistently low levels of mathematical literacy. Nationally and internationally, this issue has been 

documented through various assessments. Since Indonesia’s participation in PISA began in 2000, student 

performance in mathematical literacy has remained below the OECD average. Results from the 2003–

2009 PISA cycles consistently placed Indonesian students at or below level 2 on the six-level proficiency 

scale (Stacey, 2011). In 2015, Indonesia ranked 69th out of 76 countries, with an average score of 375 

(level 1), far below the OECD average of 500 (level 3) (OECD, 2016), placing the majority of students at 

level 1 proficiency. 

In response, the Indonesian Ministry of Education introduced the Minimum Competency 

Assessment (MCA) in 2021, replacing the national examination. However, national data from the 2023 

MCA suggest that fewer than 50% of students met the minimum standards for numeracy proficiency. The 

proportions of students achieving basic numeracy competence were 30.66% in elementary schools, 

36.84% in junior high schools, and 35.16% in senior high schools. These outcomes highlight a substantial 

gap between curricular aspirations and actual student performance in mathematics (OECD, 2019). 

One critical factor contributing to this gap is the continued reliance on traditional pedagogical 

approaches, which prioritize rote learning and procedural fluency over conceptual understanding. 

Additionally, the limited integration of digital technologies in mathematics instruction further hinders the 

development of numeracy skills (Vásquez & Martinez, 2019). Although various initiatives have attempted 

to introduce technology-enhanced learning, many teachers remain underprepared to adopt these tools 

effectively. As a result, the transformative potential of digital technologies in promoting numeracy remains 

underutilized. 

This situation underscores the need to equip prospective mathematics teachers (PMTs) with 

pedagogical strategies that integrate technology, cultural relevance, and innovative instructional 

approaches. PMTs play a pivotal role in shaping future generations' numeracy competencies. To achieve 

this, teacher education must adopt learning designs that promote deep mathematical understanding 

through contextualized, student-centered instruction. Designing meaningful mathematical tasks is central 

to this process, especially tasks grounded in students’ real-life experiences and aligned with the stages 

of mathematical activity and domain-specific knowledge (Ayalon & Even, 2016). 
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Prior research has highlighted the influence of teacher knowledge and practice on mathematics 

learning outcomes. Reflection on instructional practice is considered essential for PMTs to enhance core 

teaching competencies, such as pedagogical reasoning (Solar & Deulofeu, 2016), professional vision 

(Ivars et al., 2020), and didactic analysis (Groenwald & Llinares, 2019). Reflective practice has also been 

linked to improved classroom reasoning and more effective task design (Cervantes-Barraza & Araujo, 

2023). 

One promising pedagogical approach is Techno-Ethno-Realistic Mathematics Education (TE-

RME) proposed by Nursyahidah, Wardono et al. (2025), which builds upon the Ethno-RME approach 

(Prahmana, 2022; Prahmana et al., 2023) by integrating digital technology as a learning medium. TE-

RME combines three key elements: ethnomathematics, realistic mathematics education (RME), and 

educational technology. 

Ethnomathematics emphasizes culturally situated mathematical practices, facilitating instruction 

that resonates with students' cultural backgrounds (D’Ambrosio, 2018; Rosa, 2021). D’Ambrosio (1999) 

demonstrates that ethnomathematics boosts students' interest, understanding, and creativity by 

contextualizing mathematics with real-life ideas and practices. It has been shown to enhance learners’ 

engagement, creativity, and mathematical understanding by linking abstract concepts to familiar cultural 

experiences (Rosa et al., 2016; Rosa & Orey, 2023; Umbara et al., 2023).  

Meanwhile, RME promotes the development of conceptual understanding and problem-solving 

skills by situating mathematics within real-world contexts meaningful to students (Wijaya et al., 2014; 

Zulkardi & Setiawan, 2020). Contextual learning environments foster literacy and numeracy (Fauzan et 

al., 2024), as well as higher-order thinking skills (Sutarni et al., 2024). This emphasis has attracted many 

researchers and policymakers, especially in Indonesia, to create additional curricula and resources that 

promote the existence and durability of these types of activities in educational classrooms (Rusiyanti et 

al., 2022). Furthermore, by integrating a focus on ethnomathematics and RME and expanding to include 

technology as a learning medium, TE-RME offers a holistic approach to creating meaningful, culturally 

appropriate, and effective learning experiences in mathematics and numeracy instruction (Nursyahidah, 

Albab, & Mulyaningrum, 2023). TE-RME emphasizes using technology, cultural context, and social reality 

to facilitate mathematics learning. By leveraging local cultural contexts, TE-RME aims to make mathematics 

learning more meaningful and relevant for students (Nursyahidah, Wardono et al., 2025). It also can promote a 

more profound and lasting understanding of mathematical concepts to support numeracy.  

Previous research on PMT numeracy instruction has employed various contextual frameworks, 

such as those based on physical distancing (Kohar et al., 2022) and nutritional content (Sari et al., 2023). 

These studies indicate that context-rich instruction enhances PMTs’ capacity to design meaningful 

mathematical tasks. Building on these findings, the present study employs multimedia tools—specifically 

Macromedia Flash and instructional video—to support numeracy learning, capitalizing on their potential 

to promote interactivity and engagement (Feeley et al., 2023), and also retention (Songkhro et al., 2022). 

The novelty of this study lies in its integration of ethnomathematics, RME, and digital technology 

within the TE-RME framework, applied in the unique cultural context of the Javanese "syawalan" 

tradition—an area previously unexplored in the context of numeracy instruction. Therefore, the study aims 

to design a learning trajectory grounded in the TE-RME approach to support PMTs’ development of 

numeracy competence, contextual sensitivity, and pedagogical innovation. This design is structured 

using a Hypothetical Learning Trajectory (HLT) model, guiding the progression of PMTs’ learning 

experiences from initial contextual engagement to formal mathematical understanding of numeracy. 
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METHODS  

This study employed a design research methodology to develop a learning trajectory for teaching 

numeracy by using TE-RME approach. In particular, it functioned as validation research, focusing on the 

systematic development and validation of a learning trajectory to enhance theoretical understanding of 

the learning process and to document the evolution of instructional practices and environments 

(McKenney & Reeves, 2014). 

The specific aim of the research was to develop a HLT grounded in the TE-RME approach to 

support PMTs’ development of numeracy skills. The study was conducted with 25 PMTs enrolled in a 

private university in Semarang, Indonesia. Following the design research model proposed by Plomp and 

Nieveen (2007), the research comprised three interconnected phases, namely preliminary design, design 

experiment (including a pilot experiment and a teaching experiment), and retrospective analysis. 

Preliminary Design 

During this phase, three key activities were undertaken to construct the initial version of the HLT (Bakker, 

2018). Firstly, a numeracy pre-test was administered to the PMTs to identify their baseline competencies. 

The results revealed that the participants generally required extended time to complete tasks and 

frequently produced incorrect solutions, indicating limited proficiency in numeracy. Secondly, a 

comprehensive literature review was conducted to identify effective pedagogical strategies, learning 

media, and frequently encountered contexts for teaching numeracy (Graven & Jorgensen, 2024; 

Mahmudin et al., 2024). Lastly, the Javanese cultural tradition of syawalan was selected as the 

ethnomathematical context for the instructional design. Based on this context, a series of learning 

activities was developed, encompassing the following stages, such as cultural context orientation, 

numeracy exploration and problem-solving, numeracy task design, communication and interpretation of 

solutions, and instructional design involving numeracy tasks. 

Teaching Experiment 

This phase consisted of two primary components: a pilot experiment and a teaching experiment. The pilot 

experiment involved six PMTs working collaboratively in small groups to evaluate the initial HLT. The 

primary aim was to assess the clarity and coherence of the student worksheets, including the instructions, 

tasks, and supporting materials. Feedback was also collected regarding the appropriateness and appeal 

of the traditional Javanese context in fostering numeracy learning. Based on the insights from this trial, 

necessary revisions were made to the HLT design. Following the pilot, the revised HLT was implemented 

in a full teaching experiment involving 25 PMTs.  

Data collection during this phase utilized multiple sources and methods, including video recordings 

of classroom sessions, student worksheet responses, field notes documenting classroom observations, 

and semi-structured student interviews. These data sources captured the PMTs' engagement in group 

discussions and classroom presentations. Observations focused on the fidelity of HLT implementation, 

while interviews ensured alignment between the intended and enacted learning processes. Finally, field 

notes were used to record students’ physical involvement and cognitive engagement during instruction. 

Retrospective Analysis 

The final phase involved a comparative analysis between the intended HLT, and the actual learning 

trajectory enacted in the classroom. This process examined how PMTs interacted with the Javanese 

cultural context, engaged in numeracy tasks, and employed various problem-solving strategies. These 
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included designing mathematical models, reformulating problems to facilitate understanding, applying 

logical reasoning, solving and creating numeracy tasks, and communicating mathematical ideas. 

Data from video recordings, field notes, and interview transcripts provided insights into PMTs’ initial 

understandings of numeracy and the progression of their learning throughout the instructional sequence. 

The retrospective analysis also revealed how the integration of cultural exploration into the HLT supported 

PMTs in understanding mathematical problems more deeply, formulating and executing problem-solving 

plans, evaluating solutions, and designing instruction around numeracy tasks. Overall, the findings 

demonstrated the effectiveness of the TE-RME-based learning trajectory in enhancing PMTs' numeracy 

skills and instructional design capabilities. 

RESULTS AND DISCUSSION 

As a result of this study, the researchers developed a description of a learning trajectory for numeracy 

learning based on Javanese local wisdom through the TE-RME approach, supported by Macromedia 

Flash and video. This section presents the results obtained at each stage of the study. 

Preliminary Design      

At this stage, the researchers collaborated with two lecturers from Michigan State University and several 

lecturers from universities in Indonesia to complete the planning phase via Zoom meetings. Specifically, 

a HLT, lesson plan, worksheet for PMTs, and a supporting module were designed to enhance numeracy 

skills. The numeracy material was contextualized through Javanese local wisdom using the TE-RME 

approach and was supported by Macromedia Flash and video.  

The main focus of the student learning design was the development of the HLT, which was central 

to the instructional planning. The HLT incorporated Javanese cultural contexts to design numeracy tasks. 

Its development involved a literature review, field observations, and iterative design cycles specific to 

numeracy. A curriculum review was also conducted to align selected instructional materials, learning 

objectives, and indicators with national standards. The resulting HLT comprised five core activities 

grounded in TE-RME, namely cultural context orientation, numeracy exploration and problem solving, 

designing numeracy tasks, communicating and interpreting solutions, and designing learning instruction 

with numeracy tasks. 

Each activity was designed to be accessible, engaging, and enjoyable for PMTs. Table 1 presents 

an overview of these activities and the anticipated responses (conjectures) from PMTs. 

Table 1. Outline of the HLT 

Activity Aim Conjecture of PMTs' Responses 

cultural context orientation PMTs can determine numeracy 

through Javanese local 

wisdom using Macromedia 

Flash media and video. 

• PMTs can define numeracy 

• PMTs can determine the benefit of 

mastering numeracy 

numeracy exploration and 

solving numeracy problems 

PMTs can determine numeracy 

through the literature from a 

website and solving numeracy 

problems. 

• PMTs can find the concept of numeracy 

problems by exploring some literatures. 

• PMTs can solve numeracy problems  
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designing numeracy task PMTs can find another 

Javanese local wisdom, and 

design numeracy tasks. 

• PMTs can find another Javanese local 

wisdom that can be used as a context 

in mathematics learning. 

• PMTs can design numeracy tasks 

• Designing numeracy problems can still 

be challenging for some PMTs 

communicating and 

interpreting the solution 

• PMTs can share Javanese 

local wisdom as a context 

and numeracy task with 

others and give comments 

to each other. 

• PMTs can solve numeracy 

problems from another 

group 

• PMTs can communicate Javanese 

local wisdom as a context 

• PMTs can communicate numeracy 

tasks designed 

• PMTs can give opinions/reasoning to 

other groups  

• PMTs can solve numeracy problem 

• Some PMTs still have difficulty in 

solving numeracy problem 

designing learning 

instruction with numeracy 

task  

• PMTs can connect the 

numeracy in several 

materials  

• PMTs can do reflection and 

design HLT for specific 

mathematics topics including 

numeracy problems using 

Javanese TE-RME 

• PMTs can connect numeracy to several 

materials  

• PMTs can reflect a series of activities 

• PMTs can design HLT for specific 

mathematics topics, including 

numeracy problems using Javanese 

TE-RME. 

 

Design Experiment 

The instructional design followed the five stages described in the HLT presented in Table 1. The 

sequence of student activities is shown in Figure 1. Each activity is detailed as follows. 

Activity 1. Cultural Context Orientation 

At the outset, PMTs were prompted with introductory questions:  

 

Researcher : What do you know about ethnomathematics? 

PMTs : Mathematics that grows, develops, and is used by a particular culture. 

Researcher : Good. What do you understand about numeracy? 

PMTs : The ability to calculate, solve everyday problems, and make sound decisions. 

Researcher : Excellent. What are the benefits of mastering numeracy? 

PMTs : It helps us solve daily problems effectively. 

 

PMTs then studied several articles on ethnomathematics, such as learning design using 

ethnomathematics (Nursyahidah & Albab, 2021), Ethnomathematics of Pranatamangsa (Prahmana et 

al., 2021), design of interactive mathematical tasks using ethnomathematics (Cervantes-Barraza & 

Araujo, 2023), PMTs’ lesson planning (Suryadi et al., 2023), Ethnomathematics of Pananrang (Pathuddin, 

2021), and mathematics literacy tasks using Bengkulu context (Susanta et al., 2023). 
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Figure 1. Hypothetical learning trajectory for numeracy learning 

Using Macromedia Flash, they were introduced to Javanese traditions such as syawalan, megono 

gunungan, fruit gunungan, and giant lopis. PMTs also watched a video about megono gunungan, a 

traditional event from Pekalongan, Central Java, as shown in Figure 2. 

 

 

Translation 

 

Figure 2. The media technology used to introduce Javanese cultural contexts 

PMTs were asked to analyze the tradition by identifying its cultural elements, mathematical 

relevance, and anthropological aspects, including history, philosophy, and cultural values. This activity 

supported their ability to recognize ethnomathematics embedded in Javanese traditions and use them as 

contexts for numeracy tasks.  

Activity 2. Numeracy Exploration and Problem Solving 

In this phase, PMTs explored concepts of numeracy through various online articles and resources, such 

as Solving World Problems (https://francesharper.com/category/social-justice-math/), If the World Were 

a Village (https://nrich.maths.org/7725/note), If the World Were 100 People 

(https://ed.ted.com/best_of_web/5rhHgDwh), and Kohar et al. (2022) on numeracy and physical 

distancing. They then worked on the numeracy problem shown in Figure 3, involving two aluminum 

steamers used in the syawalan tradition. 

 

 

 

 

 

cultural context 
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numeracy 
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numeracy 
problems

designing 
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and interpreting  
the solution
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It is known that the aluminum steamer for cooking giant lopis in the Pekalongan Syawalan 

tradition will be made using a sheet of aluminum with the same size but with a different shape 

as shown in the picture. The two different forms of steamer materials are A and B as shown 

in the picture. Mr. Anton wants to make giant lopis in the Syawalan tradition using the 

steamer. Which model should Mr. Anton choose so that lopis can be distributed to more 

residents? Explain your answer. 
 

Figure 3. Example of numeracy problem solved by PMTs 

An example of a student solution is presented in Figure 4, showing their reasoning using geometric 

volume calculations. 

 

 

Translation 
For example: Aluminum A = p x l 
                                           = 40 x 20 
                      Aluminum B = p x l 
                                           = 20 x 40 
The radii of boiler A = p : 3,14 : 2 
                                   = 40 : 3,14 : 2 
                                   = 6,36 
The radii of boiler B = p : 3,14 : 2 
                                   = 20 : 3,14 : 2 
                                   = 3,18 
Illustration: 

 
Volume of tube A = 𝜋 × 𝑟2 × 𝑡 

= 3,14 × 6,362 × 20 
= 2.540,2 

Volume of tube B = 𝜋 × 𝑟2 × 𝑡 
= 3,14 × 3,182 × 40 
= 1.270,1 

Mr. Anton should choose aluminum A because aluminum A has 
a larger volume and more lopis can be distributed. 

Figure 4. Example of PMT’s response 

Based on Figure 4, the PMT approached the numeracy problem by first visualizing the situation 

described. The PMT began by estimating dimensions for the aluminum sheet—specifically, a length of 

40 units and a width of 20 units. Using these dimensions, the PMT calculated the radii of steamers A 

and B as 6.36 and 3.18 units, respectively. They then illustrated the scenario by drawing both steamer 

models and proceeded to calculate their respective volumes. The results showed that the volume of 

steamer A was greater than that of steamer B. Furthermore, the PMT offered a recommendation based 

A B 
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on the calculations, suggesting that Mr. Anton should choose steamer A to distribute more lopis to the 

community. This outcome demonstrates that engaging with numeracy problems embedded in the 

context of Javanese traditions can support PMTs in applying mathematical reasoning to real-life cultural 

situations.  

Activity 3. Designing Numeracy Tasks 

In this activity, the PMTs were divided into small groups consisting of 3–5 students. Within these groups, 

they identified elements of ethnomathematics embedded in the megono gunungan tradition, explored 

additional forms of local wisdom or Javanese ethnomathematics, and designed context-based numeracy 

tasks. Evidence of the students’ active engagement in the learning process includes their participation in 

group discussions exploring Javanese local wisdom, solving numeracy problems situated in 

ethnomathematical contexts, and designing numeracy tasks informed by these cultural elements. The 

students identified several examples of Javanese local wisdom that reflect ethnomathematical ideas, 

including the geritan bamboo, a traditional baby walker originating from Central Java, Indonesia. An 

example of the results of students’ exploration of ethnomathematics in the Javanese local wisdom context 

is presented in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Geritan bamboo (traditional baby walker) as an example of Javanese ethnomathematics 

An excerpt of a student-designed numeracy task is presented in Figure 6, exploring proportional 

reasoning through changes in walking distances. These tasks show that PMTs could independently 

explore new cultural contexts and design mathematically rich problems rooted in ethnomathematics. 

Activity 4. Communicating and Interpreting the Solution 

In this activity, PMTs presented their work on Javanese ethnomathematics and shared a numeracy task 

they had designed with another group. The receiving group provided comments, and the lecturer offered 

feedback to guide further improvement. The PMTs demonstrated sufficient self-confidence in 

communicating their work, which supported the development of their mathematical communication skills. 

They also engaged in discussions of numeracy problems designed by other groups, collaboratively 

solving them and justifying their reasoning. Through this process, PMTs communicated their solutions, 

explained their reasoning, and received constructive feedback from both peers and the lecturer. 
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Activity 5. Designing Learning Instruction with a Numeracy Task 

At this stage, PMTs engaged in discussions about the integration of numeracy tasks with broader 

mathematical content. They explored how numeracy could be meaningfully embedded across different 

topics using the TE-RME approach. PMTs were asked to reflect on the learning activities by responding 

to several guiding questions. Based on these reflections, they developed a concrete instructional design 

or action plan. Specifically, they were required to design a HLT for a selected mathematics topic, 

incorporating a Javanese ethnomathematics context and embedding numeracy components through the 

application of the TE-RME framework. 

 

 
Translation: 
At the age of 1-2 years, the developmental task of a child is to be able to walk 
perfectly on both feet. Javanese people in the past made walking training tools 
from bamboo with axles and handles so that children can hold on to walk around. 
According to the story, practicing walking for 10 times a day can help children learn 
to walk quickly. Because the tool only rotates in the same place, children often get 
bored and do not want to practice longer. If the length of the handle is increased 
to twice the original length (A is the turning point, B is where the child holds, C is 
where the child holds after the handle is extended twice), then from point C the 
child can practice only 5 times around because the distance traveled is the same 
as when practicing 10 rounds at the previous point. Is this statement correct? 
Explain your answer. 

Figure 6. PMTs' work in designing numeracy tasks 

Retrospective Analysis 

The HLT presented in Table 1 served as both a framework for achieving the intended learning objectives 

and a tool for identifying and addressing potential challenges that PMTs might face during instruction. 

The HLT was systematically compared with the collected data to analyze how PMTs understood and 

applied numeracy concepts within the context of the Javanese syawalan tradition through the TE-RME 

approach. Each activity was deliberately designed to scaffold PMTs’ understanding of numeracy task 

development, grounded in culturally relevant Javanese ethnomathematics contexts. 

The data indicated that the PMTs’ responses closely aligned with the expectations outlined in the 

HLT. In Activity 1, PMTs explored a digital representation (Macromedia Flash video) of the syawalan 

tradition and successfully identified mathematical elements embedded in the cultural context. Interviews 

further revealed their growing understanding of ethnomathematics and numeracy, validating the 

effectiveness of using a digital-cultural context to support conceptual identification. This activity 
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successfully enhanced PMTs' capacity to explore, recognize, and comprehend cultural contexts in 

relation to numeracy—a critical component in developing numerate thinking. 

In Activity 2, PMTs demonstrated the ability to apply numeracy skills to solve context-based 

problems. For instance, as shown in Figure 4, PMTs constructed visual representations, made 

estimations, and interpreted solutions to determine the optimal decision in a culturally relevant scenario. 

They were able to identify the underlying mathematical concepts, relate them to the problem situation, 

and demonstrate all key numeracy indicators: understanding, applying, and interpreting. These outcomes 

confirm that the objectives for Activity 2, as set forth in the HLT, were successfully achieved. Furthermore, 

Activity 3 required PMTs to design their own numeracy tasks using different forms of Javanese local 

wisdom. They selected new ethnomathematical contexts and created problems situated in those 

contexts, as illustrated in Figure 5. This demonstrated their ability not only to apply what they had learned 

but also to extend it creatively into novel situations. 

In Activity 4, PMTs communicated their findings and shared the numeracy tasks they designed 

with other groups. They engaged in peer evaluation, exchanged feedback, and elaborated on their 

understanding by solving tasks designed by others. This collaborative learning environment promoted 

critical thinking and communication skills, while also reinforcing their ability to reason through numeracy 

tasks situated in unfamiliar contexts. Finally, Activity 5 invited PMTs to reflect on the overall learning 

process and articulate follow-up actions. As a culminating task, they designed hypothetical learning 

trajectories incorporating numeracy tasks situated within Javanese ethnomathematics, employing the TE-

RME approach. This final activity synthesized prior learning and enabled PMTs to produce instructional 

plans that aligned with realistic, culturally embedded mathematics learning goals. 

Across all five activities, it is evident that PMTs developed a nuanced understanding of numeracy 

within the framework of Javanese syawalan culture, facilitated by the TE-RME approach. The integration 

of culturally relevant contexts and technology not only enriched the learning experience but also fostered 

meaningful engagement, problem-solving competence, and numeracy development. The HLT proved 

effective in guiding instruction and eliciting productive responses from PMTs, thereby affirming its utility 

in bridging theoretical design and practical classroom implementation. 

This study contributes to the field of mathematics education by offering a learning design that 

supports the development of PMTs' numeracy through culturally contextualized, technology-enhanced 

pedagogy. By embedding numeracy tasks within the TE-RME framework and utilizing elements of 

Javanese culture, this research presents a model for creating rich, relevant learning experiences. It is 

hoped that this approach can empower prospective mathematics teachers to connect mathematical 

concepts with cultural contexts, thereby enhancing the depth and relevance of mathematics instruction 

and supporting the cultivation of numerate learners. 

In addition, based on Activities 1 through 5, the five characteristics of RME (Gravemeijer & 

Doorman, 1999; Rusiyanti et al., 2022), which were integrated with ethnomathematics (Prahmana & 

D'Ambrosio, 2020) in what is known as Ethno-Realistic Mathematics Education (Ethno-RME) (Prahmana, 

2022; Prahmana et al., 2023), have been effectively applied throughout the learning process. This 

integration was further enhanced by incorporating technology as an innovative learning medium 

(Nursyahidah, Anindya et al., 2025). 

The first RME characteristic—the use of context—was addressed in Activity 1, which employed 

ethnomathematics from Javanese culture, specifically the megono gunungan tradition. The use of a 

Macromedia Flash video provided PMTs with a visual and culturally grounded entry point into numeracy 

learning. This finding aligns with previous research (Hardiyanto et al., 2024; Nursyahidah, 2020; 



682                         Nursyahidah, Wardono, Mariani, & Wijayanti 
 

 

Nursyahidah, Albab, & Rubowo, 2023; Nursyahidah, Wardono et al., 2025; Prahmana & Istiandaru, 2021; 

Putri & Zulkardi, 2018), which has shown that meaningful contexts can help learners visualize abstract 

mathematical ideas through familiar and concrete representations. Contexts also stimulate a diversity of 

student responses and solution strategies (Nursyahidah, Albab, & Rubowo, 2023; Nursyahidah & Albab, 

2021; Putri & Zulkardi, 2018). 

The second characteristic—the use of models—emerged as PMTs constructed visual or symbolic 

representations of their problem-solving processes. In Activity 2, they employed illustrations to 

communicate their reasoning. In Activity 3, they designed tasks that required students to use 

representations such as diagrams, symbols, or written explanations. This finding supports research by 

Nursyahidah and Albab (2021), who emphasized that the use of models enables learners to externalize 

their thinking and systematically explore and communicate mathematical ideas. Furthermore, the third 

characteristic—student contribution—was evident across all activities. PMTs actively participated by 

expressing their ideas, collaborating in problem-solving, and presenting their solutions. The cultural 

context of Javanese local wisdom stimulated their engagement and provided a foundation for meaningful 

discussion. The fourth characteristic—interactivity—was also prominent. PMTs engaged in various forms 

of interaction: within small groups, between groups during presentations and feedback sessions, and with 

the lecturer through guidance and commentary. These interactions fostered a collaborative learning 

environment and supported deeper understanding. Finally, the fifth characteristic—intertwinement—was 

demonstrated through the integration of numeracy with other domains, such as anthropology, history, 

and cultural studies. Through project-based learning and group discussions, PMTs explored traditional 

Javanese artifacts and practices, constructed mathematical meaning from them, and developed 

interdisciplinary connections grounded in students lived experiences. 

Moreover, these findings are consistent with previous studies (Ekawati, 2017; Meryansumayeka 

et al., 2022; Prahmana & D'Ambrosio, 2020; Putri & Zulkardi, 2018; Zulkardi & Setiawan, 2020), which 

underscore the importance of aligning instructional approaches with local cultural contexts to enhance 

the relevance and effectiveness of mathematics learning. This study further confirms the value of an 

innovative, practice-oriented instructional design in supporting the development of PMTs' numeracy skills.  

The strengths of the instructional design lie in its ability to develop PMTs' numeracy across several key 

dimensions. Through this course, PMTs gained a deeper conceptual understanding of numeracy, demonstrated 

the ability to solve culturally contextualized problems, and created original numeracy tasks embedded in 

Javanese ethnomathematics. These activities, supported by group collaboration, reflect the real-world nature 

of mathematics and strengthen the connection between formal content and students' everyday experiences 

(Cervantes-Barraza & Araujo, 2023; Nursyahidah & Albab, 2021; Prahmana, 2022). Students can explore 

local wisdom that exists in everyday life and is already familiar to them. This design promotes the view of 

mathematics as a human activity tied to reality (Prahmana & D'Ambrosio, 2020; Putri et al., 2015; 2021).  

Additionally, the learning design embraces differentiated instruction. It offers content differentiation 

through diverse learning resources, including scholarly articles and multimedia (Er et al., 2022; Vale & 

Falloon, 2024), and product differentiation by allowing students to express their understanding in various 

formats (e.g., video, PowerPoint, handwritten work, or digital documents). The instructional design also 

fosters deep learning, supporting meaningful, mindful, and joyful experiences. Assignments encouraged 

students to explore familiar local wisdom and design tasks that reflect their cultural context and personal 

strengths, thus embodying the core values of the TE-RME approach.  
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CONCLUSION 

This study has successfully developed a well-structured learning trajectory for enhancing numeracy skills 

by integrating the cultural context of Javanese ethnomathematics within the TE-RME approach. The 

trajectory consists of five progressive learning activities: cultural context orientation, numeracy exploration 

and problem-solving, numeracy task design, communication and interpretation of solutions, and 

instructional design involving numeracy tasks. Contextual digital media, particularly interactive videos 

developed using Macromedia Flash, were embedded within the learning sequence to support PMTs in 

understanding and solving numeracy problems in culturally meaningful ways. The findings illustrate how 

the TE-RME approach facilitated PMTs’ conceptual understanding of numeracy by linking mathematical 

reasoning with local cultural practices, thereby promoting deeper engagement and contextual relevance in 

mathematics learning. 

Despite these promising outcomes, several limitations of the study should be acknowledged. First, 

the implementation was situated within a specific ethnocultural context—namely, the syawalan tradition of 

Javanese culture—limiting the generalizability of the findings to other sociocultural settings or populations. 

Second, the focus of the study was restricted to numeracy skills, without extending to other essential 

components of mathematics education such as critical thinking, collaborative problem-solving, or affective 

dispositions toward mathematics. Additionally, the relatively small sample size and the short duration of the 

intervention may have constrained the depth and breadth of observable learning outcomes, thus limiting 

the potential to assess long-term impacts or broader applicability of the developed trajectory. 

Future research should aim to expand the scope and depth of this work by incorporating a wider 

range of cultural contexts and mathematical domains. Studies that adapt the TE-RME approach to 

different regions and traditions could contribute to the development of culturally responsive learning 

trajectories that are inclusive and adaptable across diverse educational settings. Moreover, longitudinal 

studies with larger and more heterogeneous participant groups are needed to investigate the 

sustainability and scalability of the approach over time. To further enhance learning engagement and 

effectiveness, future research might also explore the integration of emerging technologies such as 

interactive simulations, augmented reality, and virtual learning environments within culturally grounded 

mathematics instruction. Such advancements could strengthen the pedagogical value of TE-RME and 

contribute to a more inclusive and innovative framework for mathematics teacher education. 
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