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 In Indonesian elementary education, fractions are frequently taught without 
meaningful connections to real-life experiences, and conventional learning 
resources rarely enable students to explore mathematical concepts through 
interactive, hands-on activities. Previous studies have examined digital media or 
ethnomathematics separately, but rarely integrate motion-sensing interaction, 
Realistic Mathematics Education, and local culture in fraction learning. This study 
aimed to analyze learning needs and formulate specifications for Leap Motion–
based ethnomathematics media for fourth-grade students. As the Analysis stage of 
an ADDIE-based Research and Development study, data were collected from 34 
students and teachers at two public elementary schools in Bandung through 
classroom observations, semi-structured interviews, and student questionnaires. 
The instruments included observation sheets, interview guidelines, questionnaires, 
and document-analysis sheets. Questionnaire data were analyzed using descriptive 
statistics, while qualitative data underwent coding, thematic categorization, 
triangulation, and needs-to-specification mapping. The findings indicated a need 
for concrete–digital, interactive, and contextual media. The proposed specifications 
include hand gestures for sliding, rotating, separating, combining, and dividing 
virtual surabi pieces; circular surabi representations partitioned into equal parts 
illustrating 1/2, 1/3, 1/4, and other fractions; dynamic visualization; and 
immediate audiovisual feedback. These specifications connect formal fraction 
concepts with kinesthetic–visual learning and students’ cultural experiences, 
supporting more inclusive and meaningful mathematics learning. 
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A. INTRODUCTION  

The concept of fractions is one of the topics that is often considered difficult for elementary 

school students because of its abstract nature and its limited connection to real-life contexts  

(Jordan et al., 2024; Thang et al., 2018). Fraction instruction at the elementary level has 

generally been presented in a procedural or mechanistic manner, without encouraging 

students to construct their own conceptual understanding (Cahyaningsih et al., 2025). As a 

result, students’ understanding of fraction concepts remains low, and many students 

experience difficulties in performing fraction operations. In addition, the instructional media 

and teaching aids commonly used by teachers are still largely static, such as pictures or text in 
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textbooks, which means that student interaction and learning experiences are not yet optimal 

(Dar et al., 2022). The limited variety and interactivity of instructional media make fraction 

learning monotonous, less engaging, and less relevant to students’ needs, even though students 

actually require learning approaches that are contextual and visual in nature (Ahmad et al., 

2021). 

Theoretically, the cognitive characteristics of elementary school students fall within Piaget’s 

concrete operational stage (approximately ages 7–11). At this stage, students benefit greatly 

from the use of concrete objects or visual representations to support their reasoning, while 

learning that is overly abstract tends to be less effective (Donovan & Fyfe, 2022). An implication 

of this developmental stage is the need for manipulative activities and visual representations 

in mathematics instruction, including in teaching fractions. The Realistic Mathematics 

Education (RME) approach offers a framework that aligns well with these needs (Siswantari et 

al., 2025). RME is rooted in Freudenthal’s view that mathematics should be learned as a 

meaningful activity through students’ own real-life experiences (Da, 2022). This means that 

concepts should be introduced through familiar everyday contexts so that students can 

gradually build understanding from the concrete to the abstract. With meaningful contexts, 

students find it easier to relate fraction concepts to concrete experiences, rather than 

memorizing formulas in isolation (Flores et al., 2022). 

The ethnomathematics approach becomes particularly relevant within the RME framework 

to contextualize the teaching of fractions (Prahmana, 2022). Ethnomathematics integrates 

elements of local culture into mathematics instruction, allowing abstract concepts to be 

explained through cultural practices and objects that are familiar to students. This approach is 

considered effective in making learning more contextual and closely connected to students’ 

everyday lives (Sari et al., 2023; Yanti, 2025). Recent studies indicate that the application of 

ethnomathematics can enhance students’ interest and understanding in learning mathematics, 

as students encounter mathematical concepts embedded in their own culture, which increases 

motivation and supports more concrete comprehension of the material (Yuliana et al., 2022). 

For example, by exploring traditional games or local art motifs that embody fraction concepts, 

students are able to bridge their understanding of fractions through cultural elements that are 

already familiar to them (Fatimah et al., 2026). Thus, the combination of realistic contexts and 

local cultural elements is believed to help elementary school students overcome the abstract 

nature of fraction concepts and engage more actively in the learning process. 

Although the potential of integrating interactive technology with local cultural contexts is 

very promising, there is currently a gap in the literature and educational practice regarding the 

systematic combination of these elements (Pan et al., 2025). Innovations in digital mathematics 

learning rarely incorporate ethnomathematics or local cultural elements explicitly. While the 

digitalization of mathematics education is advancing rapidly, it often overlooks the local 

mathematical knowledge embedded within specific communities (Agbata et al., 2024). As a 

result, there is still a lack of guidance or models for educators on how to integrate cultural 

context into digital mathematics learning media. Such integration, however, has the potential 

to make mathematics learning more culturally inclusive and relevant for students from diverse 

backgrounds (Leonard, 2018). Specifically for fractions in elementary school, the need for 

concrete, interactive, and contextual learning media has not been extensively explored. Motion-
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sensing technologies, such as Leap Motion, which can detect hand movements to interact with 

virtual objects, offer opportunities to provide manipulative experiences digitally (Hidayati et 

al., 2026). Nevertheless, the use of Leap Motion in teaching fractions with local cultural content 

has been almost entirely undocumented in previous research. 

Therefore, integrating Leap Motion technology with surabi-based ethnomathematics is 

important for providing elementary school students with concrete, interactive, and culturally 

contextual fraction-learning experiences. Leap Motion enables touchless hand gestures to 

manipulate virtual objects, while the circular shape of surabi can represent a whole divided into 

equal parts, such as 1/2, 1/3, and 1/4. Through gestures for sliding, rotating, separating, 

combining, and dividing virtual surabi pieces, students can visualize part–whole relationships 

and connect formal fraction symbols with familiar cultural experiences. Technology-supported 

manipulation and embodied interaction can facilitate students’ understanding of mathematical 

representations, while digitally enhanced tangible materials have demonstrated positive 

outcomes in fraction learning (Fokides & Alatzas, 2023; Reinhold et al., 2020; Yeung & Ng, 

2023). Furthermore, ethnomathematics-based instruction can strengthen mathematical 

understanding by connecting mathematical concepts with students’ cultural knowledge and 

lived experiences (Näslund-Hadley et al., 2025). However, to the best of the authors’ knowledge, 

no previous study has specifically combined touchless gesture technology with local 

ethnomathematics for teaching fractions in elementary schools. Thus, the novelty of this study 

lies in formulating media specifications that integrate Leap Motion–based gestural interaction 

with surabi as a culturally meaningful representation of fraction concepts. 

Building on the discussion above, this study focuses on analyzing the learning needs for 

fractions in elementary schools and formulating the initial specifications for fraction learning 

media based on Leap Motion with an ethnomathematics approach. Needs analysis is an 

essential preliminary process for ensuring that digital learning media correspond to students’ 

characteristics, teachers’ pedagogical requirements, available learning facilities, and classroom 

conditions (Salas-Rueda et al., 2020; Zainil et al., 2024). Specifically, the study aims to map the 

characteristics of fraction topics that students find difficult to understand, teachers’ 

preferences and challenges in teaching fractions, and local cultural elements relevant as 

learning contexts. The results of this needs analysis are then used to design a preliminary 

prototype or conceptual design of interactive, hand-motion-based learning media that 

incorporates local cultural contexts. Designing interactive mathematical media based on 

identified user needs can help align technological features, tangible interactions, and learning 

objectives with elementary students’ characteristics (Zito et al., 2021). In the short term, the 

study aims to produce a needs-specification document and an initial design for Leap Motion–

based fraction learning media with an ethnomathematics perspective. In the long term, this 

research is expected to provide a conceptual and empirical foundation for developing the final 

learning media in the next stage of the study. 

In terms of contribution, the development of interactive learning media grounded in local 

cultural contexts aligns with efforts to improve the quality of inclusive education. Media 

designed with attention to cultural diversity can help all students feel accommodated in 

mathematics learning. Such a contextual-cultural approach also aligns with the Sustainable 

Development Goals agenda. High-quality and inclusive education plays a crucial role in 
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reducing disparities by ensuring that every child has access to learning that is relevant to their 

background. Thus, this study not only contributes to innovations in teaching fractions but also 

supports the Sustainable Development Goals (SDGs), particularly Goal 4 (Quality Education) 

and Goal 10 (Reduced Inequalities). Through the Leap Motion-based fraction learning media 

incorporating ethnomathematics, it is expected that students in diverse classrooms will 

experience learning that is fairer, more contextual, and more empowering. 

 

B. METHODS 

The research design follows a Research and Development (R&D) framework, using the 

ADDIE model (Analysis–Design–Development–Implementation–Evaluation) as the main 

reference. This R&D approach is suitable for developing learning media because it is systematic 

and iterative, emphasizing the initial analysis stage to understand learning needs before 

moving on to the design and development of the product. This study was limited to the Analysis 

stage, which focused on identifying learning problems, student characteristics, instructional 

conditions, cultural contexts, and user expectations as the basis for formulating the 

specifications of Leap Motion–based ethnomathematics media for fraction learning. 

The participants comprised 34 fourth-grade students and five teachers from two public 

elementary schools in Bandung City. The students were selected purposively based on the 

criteria that they were enrolled in Grade IV, were 9–10 years old, and had studied basic fraction 

concepts. The teachers were selected because they taught or had previously taught fractions at 

the elementary-school level and were familiar with students’ difficulties and the instructional 

media used in the classroom. Teachers served as the primary informants, while students 

participated in classroom observations and completed a guided needs-assessment 

questionnaire. 

Data were collected using a classroom observation sheet, a semi-structured teacher 

interview guide, and a student needs-assessment questionnaire. The observation sheet covered 

four indicators: students’ difficulties in understanding part–whole relationships, student 

engagement during fraction lessons, teacher–student interactions, and the types and 

interactivity of instructional media used. The teacher interview guide examined teaching 

methods and experiences, students’ conceptual difficulties, limitations of existing learning 

resources, the use of concrete and digital media, required interactive features, perceptions of 

motion-gesture technology, and suggestions for integrating Leap Motion into fraction 

instruction. The student questionnaire measured prior understanding and experience of 

learning fractions, learning resources currently used, perceived learning difficulties, 

preferences for concrete and visual representations, experience with digital media, interest in 

game- and gesture-based learning, and preferred media features. Classroom observations were 

conducted during fraction lessons, after which teachers were interviewed, and students 

completed the questionnaire with guidance from the researchers. Curriculum documents, 

textbooks, worksheets, and other media used by the teachers were subsequently examined. The 

instruments were reviewed for content relevance, clarity, and consistency with the objectives 

of the needs analysis before data collection. Data validity was established through source and 

technique triangulation. Source triangulation compared information obtained from students, 

teachers, and curriculum or instructional documents. Technique triangulation compared 
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questionnaire responses, teacher interviews, classroom observations, and document-analysis 

results relating to the same indicators. 

Questionnaire data were analyzed using descriptive statistics in the form of frequencies and 

percentages, whereas observation, interview, and document data were analyzed qualitatively. 

The qualitative analysis involved data organization, coding, categorization, comparison across 

sources, and thematic interpretation. The initial codes included conceptual difficulties, concrete 

and visual learning needs, kinesthetic engagement, limitations of existing media, interactive-

feature expectations, immediate feedback, motion gestures, and local cultural relevance. These 

codes were grouped into broader themes describing the required characteristics of the media: 

concrete–digital, interactive, kinesthetic–visual, and culturally contextual. 

The media-specification analysis was conducted by translating each validated learning need 

into a pedagogical requirement and subsequently into a technical feature. First, evidence from 

interviews, observations, questionnaires, and documents were summarized in a needs matrix. 

Second, each identified need was linked to a learning function. For example, difficulty 

understanding fractions as parts of a whole was translated into the need for dynamic part–

whole visualization, while students’ preference for direct manipulation was translated into 

gesture-based interaction. Third, each learning function was mapped onto a technical 

specification. The need for direct manipulation was mapped onto Leap Motion gestures for 

sliding, rotating, separating, combining, and dividing virtual objects. The need for familiar and 

concrete representations was mapped onto circular surabi objects divided into equal parts 

representing 1/2, 1/3, 1/4, and other fractions. The need to correct misconceptions was 

translated into immediate visual and audio feedback, while the need for contextual learning 

was mapped onto surabi-sharing activities based on RME and ethnomathematics principles. 

Finally, the proposed specifications were checked against the curriculum objectives, students’ 

cognitive characteristics, teacher expectations, and Leap Motion’s interaction capabilities. The 

resulting mapping of learning needs, pedagogical functions, cultural content, gestures, 

visualization, and feedback mechanisms served as the basis for the subsequent Design and 

Development stages. 

 

C. RESULT AND DISCUSSION 

This section presents the results of the analysis on the need for developing a fraction 

learning media based on Leap Motion with an ethnomathematics approach, which is relevant 

to the context of primary school mathematics education. The analysis process was conducted 

through interviews with classroom teachers, classroom observations, and a review of students’ 

cognitive characteristics and local cultural context to explore their perceptions, experiences, 

and actual needs in learning fractions. The main objective of this analysis is to identify gaps in 

the classroom fraction learning process, assess the potential use of gestural technology, and 

formulate ideal features and design approaches for a digital learning media that is both 

contextual and manipulative. The analysis results are organized thematically, encompassing 

teachers’ perspectives and students’ learning needs. This structure aims to provide a 

conceptual and practical framework for designing learning media that is responsive to 

children’s cognitive development, culturally contextualized, and innovative in utilizing digital 

technology. 
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Before presenting the findings thematically, the results of the needs analysis were 

synthesized to provide a comprehensive overview of the existing fraction learning conditions, 

student characteristics, teacher expectations, and the implications for the proposed learning 

media. The synthesis combines quantitative data from questionnaires completed by 34 fourth-

grade students with qualitative evidence obtained from classroom observations and teacher 

interviews. As presented in Table 1, the findings reveal a substantial gap between students’ 

concrete, visual, kinesthetic, and cultural contextual learning needs and the predominantly 

static learning media currently used in the classroom. This gap provides the empirical basis for 

developing Leap Motion-based fraction learning media that integrate Realistic Mathematics 

Education and ethnomathematics through the cultural context of surabi. 

 

Table 1. Synthesis of Fraction Learning Needs and Media Development Implications 

Analysis Dimension Indicator and Data Source Main Findings 

Participant 
characteristics 

Questionnaire and classroom 
observation involving 34 

fourth-grade students from 
two public elementary schools 

in Bandung 

Most students were aged 9–10 years 
(94.1%). The gender distribution was 
relatively balanced, consisting of 52.9% 
male and 47.1% female students. 

Difficulty 
understanding 

fractions 

Teacher interviews and 
classroom observations 

Students had trouble imagining fractions as 
parts of a whole, distinguishing fractions 
such as 1/2 and 1/3, and understanding the 
process of dividing an object into equal 
parts. Students tended to memorize 
procedures without developing conceptual 
understanding. 

Preference for 
concrete learning 

Student questionnaire 
A total of 85.3% of students preferred 
learning activities involving tangible objects 
or hands-on experiences. 

Preference for visual 
representations 

Student questionnaire and 
teacher interviews 

A total of 76.5% of students reported that 
fractions were easier to understand 
through pictures or pieces of objects, 
particularly familiar foods. 

Kinesthetic and 
exploratory learning 

needs 

Teacher interviews and 
classroom observation 

Students became bored when learning only 
through verbal explanations. They were 
more responsive when learning involved 
movement, play, exploration, and direct 
experimentation. 

Current learning 
resources 

Student questionnaire 

Textbooks were used by 100% of students 
as the primary learning resource, while 
61.8% used worksheets. Only 17.6% had 
experienced concrete media such as folded 
paper or circular cardboard. 

Use of interactive 
digital media 

Student questionnaire and 
teacher interviews 

None of the students had used interactive 
digital media for learning fractions either at 
school or at home. Teachers generally relied 
on textbooks, blackboard illustrations, 
pictures, or PowerPoint presentations. 

Interest in hand-
manipulated media 

Student questionnaire 
A total of 82.4% of students expressed 
interest in trying to learn media that could 
be manipulated directly using their hands. 
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Analysis Dimension Indicator and Data Source Main Findings 

Need for contextual 
learning 

Student questionnaire and 
teacher interviews 

A total of 88.2% of students preferred 
media using objects or foods that were 
familiar in their daily lives. Teachers also 
reported that students understood 
fractions more quickly when using cake-
sharing examples. 

Local cultural 
relevance 

Teacher interviews and 
ethnomathematical analysis 

Surabi was considered relevant because it is 
familiar to students in Bandung, has a 
circular geometric form, and can be divided 
into equal sections representing 1/2, 1/3, 
1/4, and other fractions. 

Need for direct 
manipulation 

Teacher interviews 

Teachers expected students to be able to 
slide, rotate, separate, combine, and divide 
visual fraction objects so that fractional 
values could be experienced more 
concretely. 

Need for immediate 
feedback 

Teacher interviews and 
analysis of learning gaps 

Teachers emphasized that students 
required direct confirmation when 
performing learning activities so that 
misconceptions could be identified and 
corrected immediately. 

Realistic 
Mathematics 

Education principles 

Synthesis of interviews, 
observation, and curriculum 

analysis 

Students understood mathematical 
concepts more effectively when they were 
connected to meaningful real-life situations 
rather than introduced solely through 
formulas. 

Ethnomathematics 
integration 

Cultural-context analysis and 
teacher interviews 

Local cultural objects were found to 
increase familiarity, relevance, motivation, 
and students’ ability to connect 
mathematics with everyday life. 

 

 

The quantitative and qualitative findings showed consistent patterns across the data 

sources. The finding that 85.3% of students preferred tangible or hands-on activities supports 

Teacher 1’s observation that students needed real-life examples rather than textbook 

illustrations alone. Similarly, the 76.5% preference for pictures or object pieces corresponds 

with Teacher 3’s explanation that students had difficulty distinguishing 1/2 from 1/3 when 

fractions were presented only through static representations. Students’ interest in hand-

manipulated media (82.4%) was also consistent with Teacher 2’s expectation that students 

should be able to grasp, slide, rotate, and separate fractional objects on the screen. Furthermore, 

the preference of 88.2% of students for familiar objects or foods reinforced Teachers 4 and 5’s 

accounts that students understood fractions more easily when surabi was used as an example 

of dividing and sharing food. Finally, the finding that none of the students had used interactive 

digital media confirmed teachers’ reports that existing fraction instruction remained 

dependent on textbooks, blackboard illustrations, and PowerPoint presentations. This 

convergence indicates that the proposed media specifications were derived from mutually 

reinforcing evidence rather than from a single data source. 
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The synthesis in Table 1 demonstrates that the main issue in fraction instruction is not 

merely students’ limited ability to perform calculations, but the mismatch between their 

developmental learning characteristics and the instructional media currently available. 

Students require opportunities to observe, manipulate, and interpret fractions through 

concrete and meaningful experiences, whereas current instruction remains dominated by static 

textbooks, worksheets, and two-dimensional illustrations. Accordingly, the findings support 

the development of concrete–digital media that combines Leap Motion-based gestural 

interaction, dynamic visualization, immediate feedback, realistic learning situations, and 

surabi-based ethnomathematical content.  

1. Teacher Needs Analysis 

The analysis of needs from the perspective of primary school teachers revealed several 

important findings related to obstacles and expectations in teaching fractions. Interviews with 

fourth-grade teachers indicated that fraction concepts are often difficult for students to 

understand due to their abstract nature. One teacher stated: 

"Children struggle to imagine parts of a whole when they only see pictures in the book; they 

need real-life examples" [Teacher 1]. 

 

This highlights a learning gap, as procedural explanations alone are insufficient to help 

students develop a deep understanding of fractions. According to Piaget’s theory of cognitive 

development, children aged 7–11 are in the concrete operational stage and rely heavily on 

concrete experiences to grasp abstract concepts (Hayat et al., 2024). The teacher’s statement 

aligns with findings that students require manipulative and visual activities connected to real-

life experiences to effectively understand fractions (Amo-Asante & Bonyah, 2023). Classroom 

teachers reported that fraction topics often cause confusion among students. One teacher noted.  

"If we only use textbooks or pictures on the blackboard, many students still do not understand 

why 1/2 is different from 1/3" [Teacher 3].  

 

This finding indicates a conceptual gap: even though fraction operation rules are taught, 

students’ fundamental understanding of parts and wholes has not yet developed. This challenge 

is compounded by conventional methods, which are insufficient for the cognitive context of 

primary school students. According to Piaget’s theory, at the concrete operational stage, 

students still rely on tangible and visual objects to reason logically (Hayat et al., 2024). 

Therefore, the difficulties faced by teachers reflect a fundamental need for more concrete and 

manipulative learning media, enabling students to build fraction concepts gradually from 

concrete to abstract. Teachers emphasized the importance of concrete-digital and interactive 

learning media. One teacher explained: 

"The current media is very static; students become less interested and only memorize formulas 

without understanding" [Teacher 2].  

 

Teachers hoped for interactive media that allows students to engage directly with fraction 

representations so that the part-whole concept becomes tangible. This aligns with the Realistic 

Mathematics Education (RME) approach, which emphasizes learning through meaningful real-

life situations (Khasanah et al., 2025). RME recommends introducing mathematical concepts 
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through authentic contexts so students can understand mathematics through their own 

experiences rather than rote procedures (Akhotmee et al., 2025). Consequently, teachers 

expressed the need for media features that support digital manipulation within relevant 

contexts to facilitate the construction of fraction concepts. Some teachers also highlighted the 

importance of linking fraction learning to local cultural elements. For example, one teacher 

stated: 

"I often explain fractions by dividing surabi cakes; students understand faster because they 

can see actual pieces of a food they know" [Teacher 5]. 

 

This finding supports the idea that integrating local culture can help students reason about 

abstract concepts. Previous studies have shown that applying ethnomathematics effectively 

enhances students’ understanding of mathematical concepts (Batiibwe, 2025; Simbolon, 2024; 

Wulandari et al., 2024). By using traditional foods like surabi, teachers successfully bridge the 

formal world of mathematics with students’ real-life experiences. Thus, teachers’ needs include 

media that are not only interactive but also culturally contextual to give meaningful insight into 

fraction learning (Hwang et al., 2023). Teachers’ observations indicate that many students have 

not yet achieved a deep understanding of fractions. One teacher expressed this concern, 

“Even though students have practiced fraction problems many times, many are still confused 

about dividing something into fractional parts; they tend to calculate without really 

understanding the concept” [Teacher 5]. 

 

This situation reveals a learning gap in which students are familiar with formulas but lack 

meaningful conceptual connections. This gap is further reinforced by the fact that fraction 

concepts are highly abstract for children at the concrete operational stage. According to Piaget, 

elementary school students think logically based on concrete objects; overly abstract 

instruction limits their understanding. Therefore, from the perspective of students’ needs, 

learning media must enrich concrete experiences so that this conceptual gap can be addressed 

(Nurmalisa et al., 2023). Teachers also observed that elementary students’ cognitive 

characteristics influence how they learn fractions. One teacher noted, 

“Children get bored quickly if they only listen to explanations; they are more responsive when 

learning while moving or playing” [Teacher 1]. 

 

This aligns with children’s cognitive developmental characteristics, as learning that engages 

the senses and movement (kinesthetic–visual) is more effective. Students’ preferences for 

contextual learning were also evident when teachers reported their desire to try out the 

concepts themselves (Febrina & Setiawan, 2024). The findings show that most students are 

more enthusiastic about media that combine elements of play and exploration rather than one-

way information delivery. Considering these characteristics, students need accessible media 

that present fraction concepts through learning experiences that are appropriate to their age 

and cultural background. The interview results confirm that fraction learning media must be 

concrete, interactive, and facilitate direct manipulation. Teachers expressed a desire for media 

equipped with realistic illustrations and real-time feedback when students interact with it. For 

example, one teacher stated, 
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“The media should allow students to slide or rotate visual parts so that they can truly feel what 

1/2 or 1/4 looks like” [Teacher 2]. 

 

This concept aligns with the principles of hands-on learning (Elsayed & Aloufi, 2023; Lee et 

al., 2024), as RME emphasizes concrete representations in mathematics learning. From a 

technological perspective, observations highlight the importance of hand-gesture detection 

features and dynamic visual graphics that can translate students’ movements into virtual 

fraction manipulations. Media with such features are expected to bridge learning gaps by 

providing concrete–digital experiences that align with students’ cognitive needs. To meet these 

kinesthetic–visual needs, Leap Motion was selected as the primary technology, as it is a hand-

motion sensor capable of capturing movements without physical contact. With this device, 

students can operate virtual objects solely through hand and finger movements. One teacher 

welcomed this idea, stating:  

“Elementary students will be more engaged if they learn using their own hands, for example 

by grasping or separating objects on the screen” [Teacher 2]. 

 

Leap Motion supports intuitive interaction without the use of a mouse or keyboard, making 

it well suited for kinesthetic learning. This hand-gesture support enables students to 

manipulate fractional parts directly and kinesthetically, which aligns with their need to learn 

through concrete experiences. Therefore, Leap Motion represents a rational choice due to its 

ability to provide digital hands-on learning within a visual context. The media concept also 

involves integrating local culture through surabi cake. Surabi was selected as an 

ethnomathematical context because it is familiar in Bandung and has a geometric form that is 

easy to partition (a circle that can be divided into equal parts). The teacher noted, 

“Surabi is often used as an example of sharing cake; for instance, students can divide the circle 

into 1/2, 1/3, or 1/4—they understand it immediately” [Teacher 4]. 

 

Linking mathematics with local culture in this way has been shown to accelerate students’ 

understanding. Similar ethnomathematics approaches can enhance learning motivation and 

engagement because students perceive the relevance of mathematical concepts in their 

everyday lives (Asare, 2026). Therefore, the designed media will incorporate surabi elements 

as concrete objects that can be slid or divided using hand gestures. This implementation not 

only fulfills the RME principle of learning through real-life contexts but also strengthens 

conceptual understanding through culturally familiar contexts for students. 

Overall, the teacher interviews, classroom observations, and student questionnaire results 

demonstrate the need for fraction learning media that are concrete–digital, interactive, and 

culturally contextual. These findings were translated into several product requirements. The 

media should present a circular digital surabi as a whole that can be divided into equal parts 

representing 1/2, 1/3, 1/4, and other fractions. Leap Motion should detect gestures for 

selecting or grasping a surabi, sliding its pieces, rotating the object, cutting or dividing it into 

equal sections, separating the resulting parts, and recombining them into a whole. Each action 

should produce immediate visual and audio feedback so that students can determine whether 

the selected gesture and fraction representation are correct. 



1540  |  JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 10, No. 4, October 2026, pp. 1530-1547 

 

 

The proposed interaction sequence begins with students selecting a whole surabi through 

an open-hand or grasping gesture. Students then use cutting or separating movements to divide 

the object according to a specified fraction. Sliding gestures allow the resulting pieces to be 

moved and compared, while rotation and combining gestures enable students to explore the 

relationships between fractional parts and the whole. The interface should simultaneously 

display the corresponding fraction symbol and provide corrective feedback when the pieces 

are unequal or do not match the requested fraction. Thus, Leap Motion was selected not only 

because it supports kinesthetic–visual learning, but because its touchless interaction 

capabilities can operationalize the specific manipulative activities identified in the needs 

analysis. 

 

2. Analysis of Student Characteristics and Learning Media 

The needs analysis in this study began with identifying the characteristics of fourth-grade 

elementary school students as prospective users of fraction learning media. A total of 34 

students from two public elementary schools in Bandung City participated in classroom 

observations and completed guided questionnaire instruments. Most students were in the 9–

10 age range (94.1%), with a relatively balanced gender distribution (52.9% male and 47.1% 

female). Based on the analysis results, 85.3% of students showed a preference for learning 

activities involving tangible objects or hands-on experiences. In addition, 76.5% of students 

reported that they found fraction concepts easier to understand through images or object 

pieces such as food. These findings reinforce the results of classroom observations and teacher 

interviews, which indicate that students are at the concrete operational stage in accordance 

with Piaget’s theory.  

From the perspective of learning media currently used, 100% of students reported 

textbooks as the primary source for learning fractions, followed by worksheets (LKS) at 61.8%. 

However, only 17.6% of students used concrete media, such as folded paper or circular 

cardboard pieces, during fraction instruction. Furthermore, none of the students reported 

having used interactive digital media when learning fractions, either at school or at home. 

Teachers confirmed this condition by stating, “We have never used interactive digital media for 

fractions; at most, we only use pictures in books or PowerPoint presentations.” 

When asked about preferred learning media, 82.4% of students expressed interest in trying 

media that could be directly manipulated by hand, and 88.2% favored learning media that use 

objects or foods familiar from their daily lives. One student even commented, “If we could share 

cake like in a game, it would definitely be fun, Ma’am.” These findings indicate that students not 

only need learning media that are concrete and interactive but also ones that are connected to 

their cultural experiences. 

The integration of these findings produced three connected design implications. First, 

students’ preference for concrete objects (85.3%) and visual representations (76.5%) requires 

the media to display fraction transformations dynamically rather than as fixed images. Second, 

their interest in hand-manipulated media (82.4%) requires an interaction system in which 

gestures have clearly defined mathematical functions, including cutting, sliding, rotating, 

separating, and combining surabi pieces. Third, their preference for familiar objects (88.2%) 

requires the fraction activities to be situated within recognizable practices, such as dividing and 
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sharing surabi. Consequently, the proposed product specifications integrate content 

representation, interaction mechanisms, and cultural context instead of treating these elements 

as separate media features. 

From these findings, it can be concluded that there is a gap between students’ learning 

characteristics and the instructional approaches and media currently in use. The available 

media tend to be static and passive and do not yet facilitate visual–manipulative exploration 

that aligns with students’ cognitive developmental stages. Therefore, new learning media that 

integrate concrete, interactive, and contextual elements are needed. Leap Motion was selected 

because it supports hand-gesture–based interaction, while the cultural artifact surabi was 

chosen due to its suitability for representing fractions and its close connection to students’ local 

experiences. This combination enables the development of learning media that are more 

adaptive, meaningful, and relevant both culturally and technologically. 

 

3. Discussion 

The results of the needs analysis for fraction learning indicate that elementary school 

students require learning media that are concrete–digital, interactive, and contextual to help 

visualize abstract fraction concepts. These findings are consistent with cognitive development 

theory, which places students at the concrete operational stage. At this stage, students’ thinking 

abilities are greatly supported by the use of tangible objects or visual and manipulative 

representations (Byrne et al., 2023), while overly abstract instruction tends to be less effective. 

Therefore, students need manipulative and visual activities that are closely connected to their 

everyday experiences. 

Moreover, local cultural contexts strengthen students’ conceptual engagement. The 

Realistic Mathematics Education (RME) approach emphasizes that mathematics should be 

learned through meaningful experiences situated in everyday contexts. Similarly, 

ethnomathematics integrates local cultural elements (such as the traditional surabi food from 

Bandung) to bridge abstract concepts into concrete representations (Prahmana, 2022). The 

findings of this study indicate that utilizing cultural objects familiar to students (such as surabi 

cake slices) can enhance contextual relevance and improve students’ understanding of fraction 

concepts. 

The findings both support and extend previous research on technology-assisted fraction 

learning. Reinhold et al. (2020) found that interactive digital environments can support fraction 

learning when technological representations are aligned with students’ learning needs. 

Similarly, Fokides and Alatzas (2023) reported that digitally enhanced tangible materials 

produced better fraction-learning outcomes than conventional materials. The present study 

supports the importance of manipulation but extends these studies by proposing touchless 

hand gestures rather than touchscreen or physical-object interaction. However, students’ 

reported interest in gesture-based media should not be interpreted as evidence of its 

instructional effectiveness. Although 82.4% expressed interest in hand-manipulated media, 

prototype testing is still required to determine whether gesture detection is sufficiently 

accurate, intuitive, and cognitively appropriate for elementary school students. 

Based on the interpretation of the findings above, the design of fraction learning media 

should be guided by several key principles. First, the media should enable direct manipulation 
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through hand movements using Leap Motion sensors. Leap Motion is selected for its ability to 

recognize hand gestures, allowing kinesthetic and visual interaction to occur simultaneously. 

In this way, students can digitally manipulate fractional objects, such as sliding pieces of surabi 

cake that represent fractional parts. Second, dynamic visualization is essential: representations 

of fractional objects (e.g., surabi slices) should move and transform in real time in response to 

students’ hand movements. Third, the media should provide real-time visual and audio 

feedback whenever students interact, enabling them to immediately observe the results of their 

manipulations and construct conceptual understanding. Fourth, the media design should 

incorporate local cultural contexts as the instructional framework (for example, fraction 

representations embedded in surabi preparation activities or patterns of sharing surabi). 

The integration of RME and ethnomathematics approaches in media design is also essential. 

In line with RME principles, the media should present fraction concepts within situations that 

are familiar to students. For example, students’ real-life experiences (such as cutting a cake or 

sharing food) can be adapted into digital simulations, allowing students to “mathematize” their 

own experiences. The ethnomathematics approach guides the media design to present cultural 

artifacts (surabi) as an integral part of mathematics learning. Consequently, media design 

becomes more contextual by building meaningful connections between formal mathematics 

and students’ everyday cultural practices. 

The ethnomathematical findings are also consistent with Näslund-Hadley et al. (2025), who 

demonstrated that culturally grounded mathematics instruction can improve students’ 

mathematical and ethnomathematical outcomes. Nevertheless, the present study differs by 

transforming a cultural object into an interactive digital representation rather than using 

culture only as instructional content. The circular form of surabi functions simultaneously as a 

familiar cultural artifact, a geometric model of a whole, and an object that can be manipulated 

through hand gestures. This integration is important because adding cultural imagery to digital 

media would not, by itself, ensure conceptual learning. The cultural object must be connected 

explicitly to mathematical actions, such as dividing the surabi into equal sections, comparing 

the sizes of its pieces, and matching those pieces with fraction symbols. 

Overall, the design implications of this learning media point to the development of an 

interactive Leap Motion–based application that enables a digital hands-on approach. The media 

should present an interface in which students can use hand gestures to manipulate fractional 

parts (e.g., surabi slices) while receiving immediate feedback. Dynamic visualization features 

and the integration of local content (RME) will make fraction concepts more concrete and 

meaningful. The use of Leap Motion technology also supports both kinesthetic and visual 

learning, making it well suited to the learning characteristics of students at the concrete 

operational stage. 

This specification is consistent with the review by Yeung and Ng (2023), which showed that 

embodied actions in technology-supported mathematics learning should be meaningfully 

connected to the mathematical concepts being represented. In the proposed media, gestures 

are therefore not included solely to make learning more engaging. Each gesture represents a 

conceptual operation: cutting represents partitioning a whole, sliding supports comparison, 

separating emphasizes individual fractional parts, and combining demonstrates the 

reconstruction of a whole. Unlike touchscreen-based embodied learning, Leap Motion enables 
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these actions without direct contact with the display. Nevertheless, this difference also 

introduces possible challenges involving gesture-recognition accuracy, movement sensitivity, 

student fatigue, and the correspondence between intended and detected actions. These 

technical and usability considerations must be examined during prototype validation. 

Theoretically, this study reinforces the argument for the importance of integrating 

ethnomathematics with gesture-based digital interaction in teaching abstract mathematical 

concepts. The findings indicate that combining local cultural contexts (surabi) with gestural 

learning media can enhance the meaningfulness and relevance of mathematical content for 

students (Azhary & Fatimah, 2024). This study addresses a gap in literature, as prior research 

has rarely integrated motion-sensing technologies such as Leap Motion with 

RME/ethnomathematics approaches. Accordingly, these findings provide a new conceptual 

foundation suggesting that mathematics learning can be developed through interactive, 

culturally contextualized media, while also contributing an innovative discourse to elementary 

mathematics education. 

From a practical perspective, this study produces a student needs map and a media-

requirements specification for the subsequent design and development stages. The 

specification connects each empirical finding with a pedagogical function and technical feature. 

Students’ difficulty understanding part–whole relationships are addressed through dynamic 

surabi partitioning; their preference for direct manipulation is translated into cutting, sliding, 

rotating, separating, and combining gestures; their need for confirmation is addressed through 

immediate audiovisual feedback; and their preference for familiar contexts is incorporated 

through surabi-sharing activities. This mapping provides developers with a more operational 

reference than a general recommendation to create interactive media because it specifies the 

learning content, gesture functions, visual responses, cultural context, and expected interaction 

flow. 

The main limitation of this study is that it remains at the needs-analysis stage and has not 

yet produced a fully developed learning-media prototype. The data were obtained from 34 

fourth-grade students and five teachers at two public elementary schools in Bandung City; 

therefore, the findings may not represent students and teachers in different school, 

technological, or cultural contexts. In addition, students’ interest in gesture-based media and 

teachers’ expectations regarding its benefits do not constitute evidence of improved fraction-

learning outcomes. Future research should validate the proposed specifications through expert 

review and iterative prototype testing with teachers and students. Usability testing should 

examine gesture-recognition accuracy, ease of interaction, cognitive load, student engagement, 

and accessibility. Subsequent experimental evaluation is also necessary to determine the 

media’s effects on students’ conceptual understanding of fractions and to assess whether the 

surabi-based context can be adapted to other cultural settings. 

 

D. CONCLUSION AND SUGGESTIONS 

This study analyzed the need for Leap Motion–based fraction learning media incorporating 

an ethnomathematics approach for elementary school students. The needs analysis involving 

34 fourth-grade students and five teachers from two public elementary schools demonstrated 

that the required media should be concrete–digital, interactive, visual–kinesthetic, and 
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culturally contextual. Specifically, 85.3% of students preferred learning with tangible objects 

or hands-on activities, 76.5% understood fractions more easily through visual representations 

or object pieces, 82.4% were interested in media that could be manipulated directly using their 

hands, and 88.2% preferred familiar objects or foods as learning contexts. These findings were 

reinforced by classroom observations and teacher interviews showing that students had 

trouble visualizing part–whole relationships, distinguishing fractions such as 1/2 and 1/3, and 

dividing a whole into equal parts. Existing instruction remained dominated by textbooks, 

worksheets, blackboard illustrations, and PowerPoint presentations, while none of the 

students had previously used interactive digital media for learning fractions. 

The primary output of the ADDIE Analysis phase is an initial media-requirements 

specification derived directly from these needs. The proposed media should present a circular 

digital surabi that can be divided into equal parts representing 1/2, 1/3, 1/4, and other 

fractions. Leap Motion should detect touchless gestures for selecting, cutting, sliding, rotating, 

separating, and combining virtual surabi pieces. Each gesture should represent a specific 

mathematical operation: cutting illustrates the partitioning of a whole, sliding enables 

comparison between fractional parts, separating emphasizes individual parts, and combining 

demonstrates the reconstruction of a whole. The media should also display corresponding 

fraction symbols, provide dynamic visualization, and deliver immediate visual and audio 

feedback when students perform correct or incorrect actions. Thus, surabi is not merely used 

as a decorative cultural element but as an ethnomathematical model that connects formal 

fraction concepts with students’ familiar experiences of dividing and sharing food. 

In the subsequent Design and Development phases, these specifications should be 

translated into storyboards, interface designs, learning scenarios, gesture–function mappings, 

assessment activities, and a functional prototype aligned with fraction-learning objectives and 

RME principles. The design should ensure clear surabi representations, meaningful 

correspondence between hand gestures and mathematical operations, a systematic 

progression from concrete visualization to fraction symbols, and accessible instructions and 

feedback. The prototype should then be assessed for content, media, and technical validity by 

mathematics education, ethnomathematics, educational technology, and Leap Motion experts 

before undergoing individual and small-group trials with teachers and students. Practicality 

testing should examine ease of use, gesture-recognition accuracy, instructional clarity, visual 

attractiveness, student engagement, response time, and suitability for classroom use. 

Subsequent implementation and effectiveness testing should determine the media’s 

contribution to students’ conceptual understanding of fractions across broader educational and 

cultural contexts. 
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