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This study aims to analyze the mathematical and 
mechanical concepts embedded in a Malay Kuok 
cultural activity known as Menggolek Tebu. The 
research employed an analytical-conceptual 
study approach based on field observations 
through observation, documentation, interviews, 
and simple measurements of the sugarcane 
rolling activity. The findings indicate that the 
Menggelek Tobu activity involves concepts of 
cylindrical geometry, translational-rotational 
relationships, mechanical energy, and rolling 
resistance. Sugarcane stems were modeled as 
cylinders undergoing rolling motion without 
slipping, characterized by the mathematical 
relationships: s=rθ Motion resistance was 
analyzed using the rolling resistance model: 
F_r=C_rr×mg which is more appropriate than 
the kinetic friction model. The analysis results 
demonstrate that the rolling method is 
significantly more efficient than dragging 
because rolling resistance is substantially smaller 
than kinetic friction. This study extends previous 
ethnomathematics research, which was primarily 
limited to the exploration of geometric forms and 
traditional cultural aspects. The findings support 
the development of contextual mathematics and 
physics learning based on local cultural practices 
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INTRODUCTION 
Ethnomathematics is an approach that views mathematics as a cultural 

product inseparable from the social practices of society. D’Ambrosio explains 
that mathematical ideas such as counting, measuring, modeling, and explaining 
develop through human experiences in responding to their environment (Rosa 
& Orey, 2020). This perspective enables local cultural practices to be studied as 
contextual sources of mathematics learning that can bridge students’ 
understanding between formal school concepts and real-life societal practices 
(Silalahi et al., 2025). Through ethnomathematical studies, local wisdom values 
can be integrated into the curriculum to enhance educational relevance while 
simultaneously preserving cultural identity (Fatmawati et al., 2026). 

One of the cultural practices of the Kampar Malay community, 
particularly the Ocu people in the Kuok region, is the tradition of Menggelek 
Tobu or Manggelek (Febrian & Astuti, 2023). This tradition involves crushing 
sugarcane using a traditional wooden rolling device to extract sugarcane juice, 
which is then processed into nisan (traditional palm sugar). Socially, this activity 
is carried out collectively through cooperation and serves as an important 
medium of social interaction within the local community (Astuti et al., 2023). 
Over time, this tradition has also transformed into one of the cultural tourism 
icons of Pulau Belimbing. Previous studies have attempted to explore 
ethnomathematical elements embedded in traditional technologies in Kampar 
Regency. Astuti et al. identified concepts of two-dimensional and three-
dimensional geometry, angles, and geometric transformations within the 
structure of the traditional sugarcane crusher (Zulfah et al., 2022). However, 
these studies have generally remained descriptive and limited to the 
identification of static geometric forms. In fact, the Menggelek Tobu activity 
contains more complex dynamic mathematical dimensions, ranging from 
traditional measurement systems used to determine the maturity of nisan to 
estimating the volume of sugarcane juice based on the quantity of raw materials 
(Fatmawati et al., 2026). 

The current research gap lies in the absence of studies employing 
rotational mechanics and energy optimization approaches to analyze the rolling 
process of the wooden device. Previous explanations have tended to equate 
motion resistance with ordinary kinetic friction, whereas in the dynamics of 
rolling without slipping, the primary resistance acting on the system is rolling 
resistance (Hierrezuelo & Ruiz, 1995; Mungan, 2021). The efficiency of the rolling 
method compared to dragging can be mathematically modeled through the 
rolling resistance equation: F_r=C_rr m g. Represents the rolling resistance 
coefficient, whose value is significantly lower than the coefficient of kinetic 
friction (Mungan, 2021). This model not only provides a physical explanation for 
the efficiency of traditional technology but also offers innovative and applicable 
learning materials for mathematics and physics education (Padang, 2023). 

Based on this background, this study aims to conduct a more holistic 
exploration focusing on: 

1. Identifying mathematical concepts (geometry and measurement systems) 
embedded in the Menggelek Tobu activity. 
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2. Developing a mathematical model of sugarcane rolling motion based on 
rotational mechanics. 

3. Analyzing energy efficiency through the concept of rolling resistance to 
demonstrate the superiority of this traditional technology. 

4. Exploring the implications of the findings as a source of mathematics and 
physics learning based on local wisdom. 

 
LITERATURE REVIEW 

Ethnomathematics is a field of study that examines the relationship 
between mathematics and culture by viewing mathematics as a product of 
human activity that develops within specific social contexts (Rosa & Orey, 2020). 
D’Ambrosio defines ethnomathematics as the practices of cultural groups in 
carrying out mathematical activities such as counting, measuring, and modeling 
everyday reality (D’Ambrosio, 1985). The application of this approach in formal 
education promotes culturally responsive learning, enabling students to connect 
abstract mathematical concepts with local wisdom, such as the Menggelek Tobu 
tradition in Pulau Belimbing, Kampar Regency (J. Ningsih et al., 2024; Sandi, 
2025).This tradition, which has existed since the eighteenth century, is not merely 
a process of sugar production but also a medium of social interaction and 
intergenerational cooperation that requires collective physical coordination 
(Kadir et al., 2023; J. Ningsih et al., 2024). The “Gelek Tobu” tool used in this 
tradition consists of several main components, including a large wooden cylinder 
functioning as a grinding roller, a supporting base, and a structural frame. 
Previous studies conducted by Astuti and colleagues identified various static 
geometric elements in the construction of this tool, such as circles in the roller 
cross-section, squares in the supporting pillars, triangles in the water channels, 
and cylinders as the primary three-dimensional form of the grinder. 
Furthermore, concepts of angles and translational motion were also observed 
when the tool was pushed linearly by the community members. However, these 
investigations remained largely descriptive and recommended deeper 
exploration to reveal more complex mathematical and physical principles 
suitable for higher levels of education (Astuti et al., 2023).  

From a mechanics perspective, the Menggelek Tobu activity demonstrates 
the principle of rolling without slipping, which combines rotational and 
translational motion (Hierrezuelo & Ruiz, 1995; Martens et al., 2007). The 
efficiency of this traditional technology can be explained through the concept of 
rolling resistance, in which the resistance experienced by wooden cylinders is 
significantly smaller than the coefficient of kinetic friction found in dragging 
methods (Arwanto, 2017; Mungan, 2021). The knowledge of the Melayu Kuok 
community in optimizing human energy through rolling techniques reflects a 
sophisticated form of ethnoscience grounded in practical energy calculations. 
Therefore, integrating this tradition into the school curriculum is highly relevant 
for teaching topics such as geometry, torque, and the law of conservation of 
energy, while simultaneously enhancing students’ scientific literacy and 
strengthening their cultural identity (Abbas & Zamrotin, 2024; Sianipar & 
Silalahi, 2025).  
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METHODOLOGY 
This study employed a qualitative approach with an ethnographic design 

to explore in depth the mathematical and physical practices embedded within 
local cultural traditions (Sari et al., 2022; Sholahuddin & Admoko, 2021). The 
ethnographic method was selected because it enables researchers to investigate 
cultural phenomena from the participants’ perspectives while identifying the 
intuitive mathematical reasoning underlying the traditional Menggelek Tobu 
technology (Arifudin et al., 2021; Fitri & Fathurohman, 2025). The research was 
conducted on February 14, 2026, within the Melayu Kuok community in Kampar 
Regency, Riau, particularly in areas that continue to preserve the Menggelek 
Tobu tradition, such as Pulau Belimbing. The main research participant was Mr. 
Syarkawi, a cultural figure and manager of the Kandil Kemilau Emas Museum. 
As a native member of the Kuok community in Kampar Regency, he possesses 
extensive knowledge and a deep understanding of the Manggelek Tobu 
(Sugarcane Rolling) tradition. The participant was selected purposively due to 
his cultural expertise, long-term involvement in preserving the tradition, and 
comprehensive understanding of the historical, social, and technical aspects of 
the practice. 

Data collection was carried out through three primary techniques to 
ensure the depth and validity of the findings. First, participatory observation was 
conducted by directly engaging in the sugarcane rolling process to observe the 
dimensions of the equipment, the mechanics of movement, and the social 
interactions occurring during the activity (Fatmawati et al., 2026; Puspitarani, 
2025). Particular attention was given to measuring the physical characteristics of 
the tool, including its diameter, length, and wooden mass, as well as the technical 
aspects of the rolling mechanism. Second, in-depth interviews were conducted 
with the participant to explore his understanding of traditional measurement 
systems, estimations of production outcomes, and the rationale for selecting 
rolling methods over other transportation techniques (Langtang & Mataubenu, 
2020). Third, documentation in the form of video recordings and photographs 
was used as primary data for rotational motion analysis and mathematical 
modeling (Sa’diyah et al., 2024). These visual records enabled frame-by-frame 
analysis to calculate angular velocity and displacement during the rolling 
process. 

The principal research instrument was the researcher as a human 
instrument, supported by interview guidelines, observation sheets, mechanical 
measuring tools such as measuring tapes and weighing scales, and motion 
analysis software used to verify the developed mathematical models. Data 
analysis was conducted systematically through several stages. Initially, data 
reduction was performed by selecting information relevant to geometry, 
traditional measurement systems, and motion mechanics (Fatmawati et al., 2026). 
Subsequently, mathematical modeling was carried out by converting 
observational data into dynamic mathematical representations. This process 
included calculating the moment of inertia of the wooden cylinder, analyzing 
forces under rolling without slipping conditions, and determining energy 
efficiency through the rolling resistance coefficient (Halliday et al., 2013; Jewett 
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& Serway, 2008). The analyzed data were then presented in descriptive 
narratives, comparative energy tables, and graphical models illustrating the 
rotational movement of the rolling device (Fatmawati et al., 2026). Finally, 
conclusions were drawn by synthesizing the ethnomathematical and 
ethnophysical findings to formulate their implications for teaching topics such as 
geometry, torque, and work-energy concepts (Kyeremeh et al., 2023; Pramana & 
Zamaya, 2021).  

To ensure the trustworthiness of the findings, the study applied source 
and technique triangulation by comparing interview data across different 
observations and matching field findings with theoretical physics models 
(Fatmawati et al., 2026). In addition, member checking was conducted by 
presenting the analytical results back to Mr. Syarkawi to confirm that the 
researchers’ interpretations accurately reflected the cultural meanings and 
practices of the local community (Fatmawati et al., 2026). 
 
RESULT AND DISCUSSION 

The findings of this study reveal that the Menggelek Tobu tradition 
practiced by the Melayu Kuok community in Kampar Regency represents not 
only a cultural activity but also an integrated manifestation of mathematical 
reasoning, physical principles, and social values embedded within local wisdom. 
Based on field observations conducted on February 14, 2026, the activity of 
moving and grinding sugarcane involves the use of a large wooden rolling 
instrument (golekan) operated collectively by community members. This process 
reflects a strong tradition of mutual cooperation (gotong royong), in which work 
efficiency is achieved through both social coordination and mechanical 
effectiveness simultaneously (Astuti et al., 2023). In line with the 
ethnomathematical perspective proposed by Pereira et al. (2020), this practice 
demonstrates that mathematical ideas within traditional societies emerge from 
practical needs to manage physical reality efficiently. 

Field measurements indicated that the rolling instrument can be modeled 
geometrically as a cylindrical object. The wooden roller used in the tradition had 
a length of 2.5 meters, a diameter of 0.12 meters, a radius of 0.06 meters, and an 
estimated mass of 5 kilograms. These dimensions confirm the existence of 
fundamental geometric concepts embedded within the traditional technology, 
supporting previous findings by Astuti et al. (2023) regarding the presence of 
geometric forms in Kampar cultural artifacts. The volumetric capacity of the 
cylinder can be represented using the standard cylinder volume equation: V= 
πr^2 L. 
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Figure 1. Cylindrical Model of Sugarcane Trunk 
 
Figure 4.1 illustrates a mathematical model of a sugarcane trunk 

represented as a three-dimensional cylinder. In the figure, the trunk is 
characterized by its radius (r), which is measured from the center to the outer 
surface of the circular base, and its length (L), which represents the height of the 
cylinder. This modeling approach simplifies the natural shape of the sugarcane 
into a well-defined geometric form, making it easier to analyze using 
mathematical concepts. Through this representation, the physical properties of 
the sugarcane can be studied more systematically. Additionally, the figure 
presents the formulas for the volume and surface area of a cylinder, namely 
V=πr^2 L and A=2πrL+2πr^2. The volume is used to determine the capacity or 
internal space of the sugarcane trunk, while the surface area relates to the outer 
part that interacts with the environment, such as in processes involving contact 
or friction. This demonstrates that mathematical concepts are not merely abstract, 
but can be directly applied to understand real-world objects like a sugarcane 
trunk. where rrepresents the radius of the circular base and Lrepresents the 
length of the sugarcane trunk. This formula allows us to estimate the physical 
capacity or size of the trunk, which can be useful in agricultural contexts such as 
measuring yield or storage. 

The use of cylindrical structures in the golekan demonstrates the 
community’s intuitive understanding of spatial geometry and mechanical 
practicality. Beyond identifying static geometric forms, the findings further 
reveal that the community possesses practical knowledge related to the 
relationship between shape, motion, and efficiency. Observations of the rolling 
process on dry ground showed a precise relationship between translational and 
rotational motion. With a radius of 0.06 meters, one complete rotation of the 
wooden cylinder produced a linear displacement of approximately 0.377 meters. 
The motion follows the kinematic relationship: s=r θ   
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Figure 2. Rolling Sugarcane Activity (Geometric Overlay) 
 
These results indicate that the effectiveness of linear movement directly 

depends on the physical dimensions of the rolling instrument selected by the 
community. This finding aligns with classical mechanics principles concerning 
rolling motion without slipping (Ellis-Robinson & Coles, 2021; Hierrezuelo & 
Ruiz, 1995). More importantly, it suggests that the Melayu Kuok community has 
long applied practical mechanical reasoning in designing tools that optimize 
movement efficiency. The study also identified the significant role of rolling 
resistance in explaining the effectiveness of the Menggelek Tobu technique. 
Using an estimated rolling resistance coefficient of 0.02 (Mungan, 2012; Wulan et 
al., 2021), the resisting force acting on the rolling cylinder was calculated using 
the equation: F_r=C_rr m g. The illustration works against rolling resistance in 
the below: 

 
Figure 3. Illustration of works against rolling resistance 

 
Substituting the measured parameters into the equation produced a 

rolling resistance force of approximately 0.98 N. In contrast, if the same 5-
kilogram object were dragged across the surface using kinetic friction with an 
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estimated coefficient of friction of 0.3, the resisting force would reach 
approximately 14.7 N. This comparison demonstrates mathematically that the 
rolling method is nearly fifteen times more efficient than dragging. Such findings 
provide strong evidence that the community’s preference for rolling techniques 
is not accidental but reflects an empirically developed understanding of energy 
conservation and mechanical efficiency (Jusmaniar et al., 2024; Minkin, 2026; 
Nursyahfira et al., 2023). Energy optimization in the activity of rolling sugarcane 
can be understood through several interconnected principles. First, using rolling 
motion instead of dragging reduces contact friction with the ground, resulting in 
lower resistance and less energy consumption. A smoother and flatter surface 
also minimizes the rolling resistance coefficient (C_rr ), making the movement 
more energy-efficient. In group activities, coordinated and synchronized 
pushing helps maintain stable rotation and reduces unnecessary energy loss 
caused by unbalanced motion. The cylindrical shape of the sugarcane or log 
further supports efficient movement because it distributes weight evenly and 
allows easier rotational motion, representing a natural form of mechanical 
optimization found in local cultural practices. Additionally, controlling the 
rotational speed is important because excessively fast movement can increase 
instability and additional friction, whereas steady motion conserves energy more 
effectively. From an ethnomathematical perspective, traditional communities 
have intuitively applied the principle of energy optimization through cultural 
experience by choosing to roll heavy objects rather than drag or lift them. This 
demonstrates that local cultural practices inherently contain mathematical and 
physical concepts related to work efficiency, force minimization, and energy 
optimization. 

Theoretically, this study extends ethnomathematics research beyond the 
identification of static geometric elements toward the exploration of dynamic 
mechanical principles embedded within cultural practices. Previous studies 
primarily focused on visual geometric forms found in traditional tools (Asma & 
Kadir, 2022; Astuti et al., 2023). In contrast, the present study demonstrates that 
the Menggelek Tobu tradition also incorporates concepts of rotational dynamics, 
translational motion, force analysis, and energy optimization. This contribution 
is consistent with D’Ambrosio’s perspective that ethnomathematics encompasses 
broader processes of measuring, modeling, explaining, and solving problems 
within cultural contexts. The Melayu Kuok community not only recognizes 
cylindrical forms but also understands the causal relationship between cylinder 
radius, applied force, and energy efficiency. Consequently, mathematical 
knowledge within this cultural setting appears holistic and integrated rather than 
fragmented into separate academic disciplines. Overall, the framework 
demonstrates how ethnomathematics serves as a bridge between culture and 
mathematics, enabling students to construct mathematical knowledge through 
meaningful, real-life cultural experiences. 
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Figure 4. Rolling Sugarcane Research Framework 

 
Another important finding concerns the ethnophysical dimension of the 

tradition. The community’s intuitive understanding of rolling resistance reflects 
practical knowledge comparable to concepts formally discussed in modern 
tribology and mechanics. Similar conclusions have been reported in studies of 
traditional Indonesian agricultural technologies, where communities 
unconsciously apply physical principles in labor and energy optimization 
(Chaniago, 2023; Nurianti et al., 2023; Pertiwi et al., 2022). The consistency of 
these findings across different cultural contexts suggests that traditional societies 
develop systematic scientific knowledge through prolonged empirical 
experience with natural environments. 

In addition to its mechanical and mathematical dimensions, the 
Menggelek Tobu tradition also embodies strong social and cultural values. The 
collective participation involved in rolling and grinding sugarcane reflects social 
solidarity, intergenerational cooperation, and the preservation of communal 
identity (Manarfa & Lasaiba, 2024; A. G. Ningsih et al., 2024). From an 
ethnomathematical perspective, this demonstrates that mathematical practices 
are not purely individual cognitive activities but also collective social processes 
shaped by communication, coordination, and shared cultural norms. This 
interpretation aligns with Rosa and Orey’s conception of ethno as encompassing 
language, symbols, behaviors, traditions, and social practices within cultural 
groups (Astuti et al., 2023; Deta et al., 2024).  

Furthermore, the transformation of Menggelek Tobu into a cultural 
tourism attraction in Pulau Belimbing illustrates the process of glocalization 
within ethnomathematics. The tradition now functions not only as a productive 
technology but also as a cultural representation presented to broader audiences 
while maintaining its original social and technical meanings. Such developments 
indicate that local mathematical and physical knowledge systems remain 
adaptive and relevant within contemporary contexts. From an educational 
perspective, this study provides substantial implications for culturally 
responsive mathematics and physics learning (Wulansari & Admoko, 2021). The 
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integration of geometry, rotational motion, translational motion, mechanical 
energy, and mathematical modeling within a single cultural context offers a more 
holistic learning framework than conventional fragmented instruction. Students 
learning through the context of Menggelek Tobu are not merely memorizing 
formulas but are also understanding how scientific concepts emerge from 
authentic cultural practices. This supports previous studies demonstrating that 
contextual learning based on local culture enhances student engagement, 
conceptual understanding, and cultural identity (Fatmawati et al., 2026; Fitrah et 
al., 2025; Olofsson et al., 2013).  

The findings also suggest several implications for curriculum 
development and instructional practice. First, schools may develop integrated 
mathematics and physics modules based on local cultural traditions, extending 
beyond static geometry toward dynamic mechanical systems and energy 
optimization. Second, teachers require training to identify ethnomathematical 
and ethnophysical elements embedded within local traditions so that these can 
be transformed into meaningful learning resources. Third, assessment systems 
should evaluate not only procedural understanding but also students’ ability to 
connect scientific concepts with cultural contexts and real-life applications. 

Despite its contributions, this study has several limitations. The 
mechanical analysis employed an idealized model that did not fully account for 
material deformation, uneven surfaces, or variations in applied force during 
rolling activities. Future research may therefore incorporate more precise 
experimental approaches using advanced motion analysis and engineering 
simulations. In addition, this study primarily focused on technical and 
mechanical aspects, leaving philosophical and epistemological dimensions of 
knowledge transmission across generations relatively unexplored. Future 
investigations may further examine how traditional scientific knowledge is 
preserved, transformed, and adapted within changing social and technological 
environments. Overall, the Menggelek Tobu tradition represents an elegant 
synthesis of mathematics, physics, and socio-cultural values embedded within 
local wisdom. The tradition demonstrates that scientific reasoning and cultural 
practices are deeply interconnected, thereby enriching both ethnomathematics 
and ethnophysics scholarship while offering valuable foundations for more 
inclusive, contextual, and culturally grounded science education. 
 
CONCLUSIONS AND RECOMMENDATIONS 

This study concludes that the Menggelek Tobu tradition of the Melayu 
Kuok community represents an integrated form of ethnomathematical and 
ethnophysical knowledge embedded within local cultural practices. The findings 
demonstrate that the community intuitively applies concepts of geometry, 
rotational and translational motion, rolling resistance, and energy efficiency 
through the use of cylindrical wooden rollers in sugarcane processing activities. 
The rolling method was proven to be significantly more efficient than dragging, 
indicating that the tradition embodies practical mechanical optimization 
developed through long-term empirical experience. Beyond its technical 
dimensions, the tradition also reflects important socio-cultural values such as 
mutual cooperation, collective participation, and intergenerational knowledge 
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transmission, confirming that mathematical and physical reasoning in traditional 
societies is inseparable from social and cultural contexts. 

Theoretically, this study contributes to the development of 
ethnomathematics and ethnophysics by extending previous research beyond the 
identification of static geometric forms toward the analysis of dynamic 
mechanical systems within indigenous cultural practices. The results reinforce 
the perspective that traditional communities possess sophisticated scientific 
understanding grounded in practical experience and environmental adaptation. 
From an educational standpoint, the Menggelek Tobu tradition provides 
authentic contextual resources for mathematics and physics learning, 
particularly in topics related to geometry, rotational dynamics, work-energy 
concepts, and mathematical modeling. Integrating such local cultural knowledge 
into formal education may strengthen students’ conceptual understanding while 
simultaneously fostering cultural identity and appreciation of indigenous 
wisdom. 

Based on these findings, future research is recommended to employ more 
advanced experimental and engineering approaches to obtain more precise 
measurements of motion dynamics and energy efficiency in traditional rolling 
systems. Educators and curriculum developers are also encouraged to design 
culturally responsive learning materials that integrate ethnomathematical and 
ethnophysical elements from local traditions into classroom instruction. In 
addition, collaboration among schools, cultural institutions, local governments, 
and community leaders is essential to preserve and document the Menggelek 
Tobu tradition as both cultural heritage and a valuable source of indigenous 
scientific knowledge for future generations. 
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