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Abstract

While previous studies have extensively explored ethnomathematics, the relationship between ethnomathematics
and ethnomodeling remains underexamined. This study investigates the connections between ethnomathematics
and ethnomodeling and their implications for the institutionalization of mathematics in the context of traditional
fish auction activities within the Fishermen's Community in Indramayu, Indonesia. Utilizing an ethnographic
design, the study involved participants in various auction roles, including auctioneers, boat owners, captains, crew
members, and traders. Data were collected through interviews and observations and analyzed using content
analysis. The findings reveal that ethnomathematical practices are evident in sorting and grading fish, as well as
in auction transactions, with connections to mathematical concepts such as set theory, basic statistics, social
arithmetic, and arithmetic operations within an ethnomodeling framework. These results suggest that the
integration of ethnomathematics and ethnomodeling into the school curriculum could support the
institutionalization of mathematics education and provide a foundation for developing instructional materials
based on these practices in the context of traditional fish auctions.
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The Indramayu fishing community primarily relies on fishing as its main source of livelihood. However,
the activities of these fishermen extend beyond mere fishing. They are actively engaged in various
commercial endeavors within traditional fishing markets. These markets serve not only as centers for
trading fish and other marine products but also as vibrant environments where ethnomathematical
practices emerge and flourish (Nurjanah et al., 2021).

The exploration of ethnomathematical connections in market trading practices has been
extensively documented in the mathematics education research agenda. In Indonesia, several studies
have investigated these connections within traditional market settings. For instance, Supit et al. (2023)
examined ethnomathematical practices in the Iman Tomohon Traditional Market, revealing that traders
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commonly round up prices when selling goods. They provide change by first collecting cash to the nearest
tenth and then summing it to match the buyer’'s payment. Similarly, Mardia et al. (2020) conducted a
study on the Marosok trading tradition of the Minangkabau tribe in West Sumatra, uncovering
mathematical representations through finger symbols and gestures that convey basic numbers, including
one, two, three, four, five, and two and a half, as well as fundamental arithmetic operations like addition
and subtraction.

Further research by Malalina et al. (2022) explored the application of mathematical concepts in
itinerant trading along the Musi River. Their findings indicated that mobile trading practices on the river
inadvertently introduce several mathematical concepts, such as solid figures (sphere, cube), plane figures
(rectangle), comparisons, social arithmetic, and systems of linear equations. Additionally, Angraini and
Rakhmawati (2023) investigated the activities of fish traders at the Punggulan Village Traditional Market.
Their study identified three primary activities—measuring, packaging, and buying and selling—each
involving mathematical concepts such as measurement, sets, one-variable linear equations, weight
comparisons, social arithmetic, relations and functions, two-variable linear equations, plane figures, and
probability. Finally, Sudirman et al. (2023) explored the unique calculation methods employed by
traditional traders, highlighting their use of a backward calculation technique, which contrasts with the
conventional methods taught in schools.

The findings from existing research reveal a significant gap in the study of ethnomathematics within
market trading practices, as investigations have largely been confined to the examination of calculation
symbols, counting activities, and the shapes of tools used in trade. Moreover, while there have been
studies focused on the buying and selling of fish, these have generally concentrated on the broader act
of trading fish and have not specifically addressed the nuanced processes involved in fish auctions at
traditional fish auction sites.

Ethnomathematics, however, extends beyond mere trade transactions and is deeply embedded in
various aspects of daily life across different cultures. In Africa, for instance, ethnomathematical practices
are reflected in the cultural artifacts of the Akan tribe in Ghana, including earthenware, mortars, buildings,
and batik, which represent geometric concepts related to planes and spaces (Owusu-Darko et al., 2023).
Similarly, the Kafa people of Ethiopia utilize mathematical concepts such as base six numbers (maqoo),
a base sixty counting system (Uddoo), fractions, and measurement in their agricultural activities (Gebre
et al., 2021). Chahine (2021) explored the forecasting practices of lim al-raml in Egypt, revealing an
algorithmic system based on the principles of Boolean algebra and a probabilistic sequence of events
designed to predict future outcomes.

In South America, the cultural context of ethnomathematics is evident in various community
activities, including cooking (Rodriguez-Nieto & Escobar-Ramirez, 2022), making mud bricks (Pabén-
Navarro et al., 2022), planting oil palms (Rodriguez-Nieto et al., 2022), fishing (Mansilla-Scholer et al.,
2022), and trading (Rodriguez-Nieto et al., 2022). Additionally, it is seen in architectural forms (Orey,
2000), as well as in sacred mat patterns and Mayan diamond geometric shapes (Rosa & Orey, 2008).

Furthermore, in Asia, ethnomathematical values are equally diverse. For example, Indonesian
batik patterns embody geometric shapes (Prahmana & D'Ambrosio, 2020). The Pranatamangsa system
and birth-death ceremonies in Indonesia represent integer counting operations (Prahmana et al., 2021).
Artifacts from traditional buildings illustrate geometric concepts of planes and spaces (Sudirman et al.,
2020; Supiyati et al., 2019; Fauzi et al., 2022). Other practices include the Cigugur indigenous
community’s method of selecting auspicious days for building a house (Umbara et al., 2021a) and the
process of making traditional Barongko cakes, which involves mathematical concepts of division,
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congruence, equality, and the use of triangular and hemispherical prisms (Pathuddin et al., 2021).

The current body of research demonstrates that ethnomathematics has been extensively explored
in various trade practices and other facets of daily life across different countries. However, the focus of
these studies has predominantly been on buying and selling transactions, calculation methods, and the
tools used in trading. Additionally, research has primarily examined beliefs, values, and artifacts related
to buildings, traditional agricultural practices, and traditional cake-making.

Despite these insights, there remains a notable gap in the literature regarding the application of
ethnomathematics to fish auctions at traditional auction sites. Specifically, no previous studies have
addressed the ethnomathematical aspects of buying and selling fish within auction contexts. Furthermore,
there has been a lack of research on institutionalizing the mathematical concepts derived from fish
auctions in traditional settings.

In recent years, the field of ethnomathematics has undergone significant development, particularly
with efforts to integrate it into school mathematics curricula (Fouze & Amit, 2017; Zhang & Zhang, 2010).
This integration is a crucial advancement toward creating a more inclusive, relevant, and student-
centered mathematics education (Furuto, 2014; Mosimege & Egara, 2022; Orey & Rosa, 2008; Rosa &
Orey, 2021; Umeh & Rosa, 2022). By incorporating ethnomathematics, students can engage with
mathematical values and concepts through the context of their own cultural experiences (Amit & Abu
Qouder, 2017; Fauzi et al., 2022; Rosa & Orey, 2011). This approach aims to bridge gaps in students’
understanding and appreciation of mathematics, offering more meaningful and contextual learning
opportunities (Fouze & Amit, 2017; Lidinillah et al., 2022; Sunzuma & Maharaj, 2020; 2021).

Despite these advancements, there remains a notable paucity of research connecting
ethnomathematics and ethnomodeling specifically to the practice of buying and selling fish at auctions,
as well as to the institutionalization of these concepts within school mathematics curricula. Consequently,
this research aims to explore and elucidate the connections between ethnomathematics, ethnomodeling,
and their impact on the institutionalization of mathematics, particularly within the context of fish auction
activities observed in the Fishermen's Community in Indramayu, Indonesia.

This research employs ethnomathematics to examine the mathematical activities involved in
auction-based buying and selling practices. The concept of ethnomodeling is applied to analyze
mathematical modeling in both fish sorting and grading activities as well as in fish auction processes. In
the sorting and grading of fish, the research focuses on basic statistical modeling and aggregate
operations related to the pricing of fish for auction. Conversely, in the auction activities, the study utilizes
social arithmetic modeling to address aspects such as determining the initial price, managing price bids,
and identifying the auction winner.

Furthermore, the ethnographic analysis conducted in this research extends beyond merely
examining mathematical symbols or activities associated with auction transactions. It also explores how
these activities contribute to the development of mathematical models. These models serve as a context
for understanding school mathematics. The research also investigates mathematical practices within fish
auctions in coastal fishing communities, recognizing that auction-based buying and selling is a deeply
ingrained cultural practice in these areas, such as in Indramayu. This practice not only facilitates the trade
of marine catches but also embodies significant social and cultural values in the daily lives of fishermen
and coastal communities.
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METHODS

Research Design

This study employs an ethnographic design, as described by Spradley (2016), which serves as a
methodological tool for understanding the symbols embedded within a society's culture. In the context of
this research, the exploration of ethnomathematical connections arises when communities ascribe
meaning to mathematical concepts or objects, establish relationships between expression and content,
and embed these mathematical elements within cultural practices and daily life (Rodriguez-Nieto, 2021).
Such universal activities in everyday practice facilitate the comprehension of mathematics within a
cultural framework. Consequently, this research is guided by the framework developed by Alangui (2020),
as illustrated in Figure 1.
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Figure 1. Ethnomathematical and Ethnomodeling Connection Framework

The ethnomathematics connection framework begins with the formulation of general questions and
the development of preliminary answers. In this study, questions such as "Where does the
ethnomathematical exploration of buying and selling activities occur during auctions?" and "Who are the
sources of information?" are addressed. Upon obtaining initial answers, the researcher evaluates,
analyzes, and refines these responses. This critical construction process results in a detailed description
of the mathematical activities associated with sorting, grading, and auction-related buying and selling
transactions. The process of linking these initial stages with mathematical activities is referred to as the
ethnomathematical connection.

Moreover, the ethnomodeling employed in this research adheres to the three approaches outlined
by Rosa and Orey (2010): the emic, etic, and dialogic approaches. The emic approach in this study
examines the relationship between mathematical activities, such as sorting and grading, and the auction
buying and selling process, in relation to formal mathematical concepts. The etic approach seeks to
develop formal mathematical models of these activities from the researcher’s formal mathematical
perspective. Meanwhile, the dialogic approach aims to mediate between the emic and etic approaches
to address potential biases. The integration of mathematical activities with sorting, grading, and auction
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transactions through these three approaches is termed an ethnomodeling connection. Additionally, this
research explores the institutionalization process by identifying school-level mathematical concepts
derived from the mathematical modeling of fish buying and selling activities at auctions.

Research Participants

The participants in this research comprised both primary and supporting informants. The primary
informants included one auctioneer (male, 47 years old), one boat owner (male, 64 years old), one boat
captain (male, 44 years old), and one auction participant/fish basket handler (male, 56 years old). The
supporting informants consisted of one crew member (male, 27 years old), one retail fish trader (female,
96 years old), and one community member (female, 45 years old). All participants volunteered for this
research, and no specific criteria were used to select the informants.

Data Collection

Data collection for this research involved structured non-participatory observation, semi-structured
interviews, and documentation. Structured non-participatory observation was selected because the
researcher did not actively participate in the observed activities. Instead, the researcher systematically
observed the core activities involved in auction buying and selling, documenting processes and activities
related to mathematical concepts. Observations were conducted on six occasions: once during the
loading and unloading of fish from the boat to the auction site, three times during transaction activities,
and twice during retail fish buying and selling activities.

Semi-structured interviews were utilized due to the flexibility they offer; while the researcher had a
pre-prepared list of questions, the questions could be adapted as necessary based on the situation. In
this study, 20 questions were prepared: six for auctioneers, four for boat owners, five for boat captains,
two for crew members, six for auction participants, and two for retail fish traders. For example, auction
participants were asked, "How do you determine the reference price for fish that will be bid at auction?"
During the interviews, pseudonyms were used to maintain confidentiality, with informants labeled as 1
through 17 to facilitate reader comprehension. The interview questions were reviewed by a research
colleague with expertise in language prior to use. Finally, documentation for this research included
photographs, videos, and field notes capturing the mathematical values inherent in the fish buying and
selling activities at the auction.

Data Analysis

The data analysis in this research employed a qualitative approach, which involves four stages: data
collection, data reduction, data presentation, and data verification/conclusion. The qualitative analysis
process began by reviewing data obtained from interviews with auctioneers, boat owners, boat captains,
boat crew members, auction participants, and retail traders, along with data from observations of the
auction process, which included the loading and unloading of fish from the boat to the auction site, as
well as retail fish sales.

During the data reduction stage, the researchers used content analysis, following a five-step
process, such as compiling interview transcripts and observation notes, constructing categories, coding
interview texts and field notes, analyzing the results, and presenting the findings from the interviews and
observation notes (Yaniawati et al., 2023). In this study, interview and observation transcripts were
prepared with the assistance of the website https://turboscribe.ai/. The researchers then developed
relevant categories, such as "mathematical activities," "sorting and grading," "price," and "buying and
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selling process." Furthermore, the coding process was carried out manually by inputting data into
Microsoft Excel. Finally, the coded data were presented to draw conclusions. A summary of the entire
data analysis process is illustrated in Figure 2.
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Figure 2. Data Analysis

RESULTS AND DISCUSSION
Auction Activities

Fish buying and selling activities at auctions, along with the cultural practices of the Indramayu
community, embody the community's hard work and commitment to preserving traditions and fostering
close connections between people, the sea, and the surrounding environment. Additionally, the auction
process is rich in traditional values and local knowledge, such as selecting high-quality fish, which has
been passed down through generations.

The fish auction process (see Figure 3) can vary depending on the location and type of auction
conducted. Typically, fishermen catch fish according to their target, transport them to a landing site such
as a port, and then proceed to identify, clean, and separate the fish based on type, size, and weight.
Once sorted, the fish are listed for sale through an auction, which can be conducted either openly orin a
closed format. In this research, an open auction was utilized.

In the open auction process, fish that have been sorted and graded (measured and weighed) are
displayed before potential buyers, who then place bids openly. The fishermen or their representatives
conduct the auction, and interested buyers bid on the fish, with the bidding continuing until the highest
price is reached. The final selling price is determined by the highest bid, and the fishermen have the
option to accept or reject the offer. Following the auction, the buyer pays the fisherman according to the
agreed-upon price. The fishermen then deliver the fish to the buyers as per the terms of the agreement.
Throughout this process, the auction organizers document and report all transactions, providing
fishermen with proof of payment and transaction records.
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Fish auction

Unloading Fish

Figure 3. Auction Activities

Connection of Ethnomathematics, Ethnomodeling, and Institutionalization of
School Mathematics in Fish Sorting and Grading Activities

Based on interviews with 1, I2, and I3, as well as direct observations, it was found that there is a wide
variety of fish with differing sizes and weights. The price of each fish is significantly affected by market
demand, which in turn is influenced by factors such as the quality, size, and weight of the fish.
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Figure 4. The Ethnomathematical and Ethnomodeling Connection between Fish Sorting and Grading Activities
with Statistics and Sets
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Apart from that, based on the transcript excerpt with |4, as follows:

Researcher : What is the method used to identify the type and price of the fish?

l1 : By using sorting and grading

Researcher : How do you sort and grade?

lo : There is no special event; just look at the size and type of fish, separate them, and
then put them in a basket.

In the sorting and grading activities, mathematical values are represented through the measurement of
fish length and weight. At traditional fish auctions in Indramayu, the sorting and grading process is
performed using visual estimation rather than modern equipment (see Figure 4). Although this method is
subjective, it has been demonstrated to be both precise and efficient. Fish of various types are sorted
into different containers based on their length and weight. Each 5 cm increase in fish length influences
the price offered by fishermen. Additionally, the fish in the containers are weighed to determine their net
weight for auction. This weighing is accomplished using a hanging scale that accounts for the weight of
the container.

Furthermore, fish counting is conducted, particularly for species with smaller quantities. The
researchers employ three approaches to analyze ethnomodeling in the sorting and grading process:
emic, etic, and dialogic. They gather information from fishermen and other relevant parties. The results
of the sorting and grading activities are organized into a frequency distribution table, which includes size,
fish code, weight, and quantity of fish. For example, barracuda fish measuring 32 cm are categorized
within the 31-40 cm interval. These measurements and weights are recorded in Table 1.

Table 1. Fish Sorting and Grading Distribution List

Barracuda Code Weight Number Cakalang Code Weight Number _?Es;an Code Weight Number _l#::r;? Code Weight Number
Size (cm) (Kg) of Fish  Ize (cm) (Kg)  of Fish (cm) (Kg)  of Fish (cm)g (Kg) of Fish

3140 A, 45 228 1120 B, 150 1653 24-34 C, 1000 6000 41-50 D, 560 2800
4150 A, 60 182 1620 B, 200 1803 3544 C, 459 2295 51-60 D, 1000 4000
51-60 A, 110 220  21-25 B, 540 3780 4554 C, 345 1380 61-70 D, 450 1350
61-70 A, 400 350  26-30 B, 500 3002 5564 C, 400 1200 71-80 D, 349 698

71-80 A; 86 72 31-35  Bs 2200 11015 81-90 Ds; 560 560
81-90 As 76 49 36-40 Bg 1000 4021 91-100 Ds 679 565
91-100 A; 1000 450 41-45 B, 400 1202 101-112 D, 500 346
Total 1777 4990 2204 4098

Based on Table 1, baskets participating in the auction can calculate the average weight (x) of
their coded fish by dividing the total weight of the basket (W) by the number of fish (N) for each code.
Calculating the average size of the fish helps the basket determine the number of fish per kilogram and
estimate the price per kilogram. For instance, if a fish with code A1 weighs 0.2 kg, it implies that there
are five barracuda fish of code A1 in one kilogram. This calculation assists baskets in making informed
bids during the fish auction.
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Following the sorting and grading process, the fish are placed into containers and sorted by type.
This process involves applying the concept of sets. The universe of discourse, in this case, is the total
catch of fish from the boat. Furthermore, the first set, denoted by U, includes all types of fish that have
been caught. The fish types are categorized into sets A, B, C, and D. These sets represent collections of
fish based on their type and size. The number of members in each set A, B, C, and D is summarized as

follows:

A = {A1, A2, As, As, As, As, A7, As}

n(A) =8

B = {B1, B2, Bs, Bs, Bs, Bs, B7, Bs}
nB) =8

C ={C4, C2, Cs, C4}

n(C) =4

D ={D1, D2, D3, D4, Ds, Ds, D7, Ds}
nD) =8

A B, C, and D members are also a set, as follow.

A1={a1, az,,,,,,a228}

n(A1) = 228

A2 ={b1, b2,,,,,,,b182}
n(A2) = 182

As = {c1, C2,,,,,,,C220}
n(As) = 220

As = {d1, da,,,,,,,dss0}
n(A4) = 350

As ={e1, e2,,,,,,,,€72}
n(As) =72

As = {f1, 22,111,y T40}

n(Ae) = 49

A7 ={g1, 92,,,,,,,3450}
n(A7) = 450

B1={h1, ha,,,,,h1e53} C1={o1, 02,,,,,,,06000}

n(B1) = 1653 n(Ar) = 6000
B2 = {i1, i2,,,,,,,1803} C2 = {P1, P20, P2295)
n(Bz2) = 1803 n(Cz) = 2295

B3 = {j1, j2,,,,,,j3780} C3 = {q1, 2,,110,,01360}
n(Bs) = 3780 n(Cs) = 1380

B4 = {k1, k2,,,,,,K3002} Ca={r1, 12,,,,,,,M1200}
n(B) = 3002 n(Ca) = 1200

Bs = {I, I2,,,,,,,/11015}

n(Bs) = 11015

Bs = {m1, m2,,,,,fa021}
n(Bs) = 4021

B7 ={n1, n2,,,,,,,N1202}
n(B7) = 1202

D1 = {$1, S2,5,,,,2800}

n(D1) = 2800

D2 = {t1, t2,,,,,,,t4000}
n(D2) = 4000

D3 ={u1, U2,,,,,,,U1350}
n(Ds) = 1350

D4 ={v1, v2,,,,,,,V698}
n(D4) =698

Ds = {w1, w2,,,,,,W560}
n(Ds) = 560

D6 = {X1, X2,,,,5,,X565}
n(De) = 565

D7 = {y1, Y2,,,,,Y346}
n(D7) =346
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To determine the combination of all types of fish, use the combination concept.
U=AuBuCuD
= {{A1, Az, A3, A4, As, As, A7, As}, {B1, Bz, Bs, B4, Bs, Bs, B, Bs}, {C1, Cz, Cs, C4},
{D1, D2, D3, D4, Ds, Ds, D7, Ds}}

If illustrated in a VVenn diagram, it looks like Figure 5.

Figure 5. Vennn Diagram

Next, to determine the number of members of the set U using the concept of cardinality by adding the
number of members of each set.

n(A) = n(A1) + n(A2) + n(As) + n(As) + n(As) + n(As) + n(A7)
=228 + 182 +220 + 350 + 72 + 49 + 450
= 1551

n(B) = n(B1) + n(B2) + n(Bs) + n(Bs) + n(Bs) + n(Bs) + n(B7)
= 1653 + 1803 + 3780 + 3002 + 11015 + 4021 + 1202
= 26476

n(C) =n(C+) + n(C2) + n(Cs) + n(Cs)
= 6000 + 2295 + 1380 + 1200
=10875

n(D) = n(D1) + n(D2) + n(D3) + n(D4) + n(Ds) + n(De) + n(D7)
= 2800 + 4000 + 1350 + 698 + 560 + 565 + 346
=10319

N(U) = n(A) + n(B) + n(C) + n(D)
= 1551 + 26476 + 10875 +10319
= 49221

© =
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Mathematical modeling of the sorting and grading processes used by fishing communities has
traditionally relied on intuitive methods and experiential knowledge to visually differentiate fish based on
size, type, or physical quality. This approach typically involves basic statistical concepts and set
operations. In contrast, modern methods use advanced technologies such as image processing
machines, optical sensors, or artificial intelligence algorithms to sort and grade fish according to specific
criteria, such as size, weight, or quality.

Connection of Ethnomathematics, Ethnomodeling, and Institutionalization of
School Mathematics in Fish Auction Activities

Based on observations and interviews with |1, fish buying and selling transactions at the auction are
generally conducted openly. Buyers, known as bakul, compete directly to purchase the fish. An excerpt
from the interview with I1 is as follows:

Researcher : What is the process of determining the initial price and winner of the fish
auction?

l1 : Usually, the one with the most extensive offer is chosen

Researcher : Usually, there is a price benchmark based on fish needs. If the weather is
good, fish stocks are usually abundant, and the price can go down, but if the
weather is not good, the price of fish will go up.

Researcher : How is the fish auction process carried out in this place?

l1 : Usually, the boat owner contacts the auction committee to sell the boat catch
that will be docked on a specific date to the auction committee. After the boat
is docked, the fish are collected at the auction site. If the fish stock is empty, it
is usually immediately sorted and graded for immediate sale. Auction
participants generally monitor the arrival of the boat. After that, start the auction.

Further observations of auction activities at fish auction sites in Indramayu, Indonesia, reveal that the
bakul, who are generally women over 50 years old with little formal education, participate in the process.
Despite its seemingly simple nature, the fish auction transaction involves various mathematical activities.
These activities include determining the initial price, calculating bids, identifying the winning bid,
managing bids, and converting fish weight measurements (see Figure 6).

Mathematical Activities Institutionalization of Mathematics in Schools
o . . Estimate the initial price  Bid Calculation o . . \
Mathematics in the Practice of Fishermen's / . —y . . 1. Social Arithmetic

Communities

- Determine the initial price

- Determine total income

- Determine the bid price

TFthnemodaling 2. Measurement of Time, Length and
Connection Weight

- Measurement of weight units
® 3. Place the Numbers on the Number
Line

4. Calculation Operations Addition &
Subtraction

S. Multiplication & Division Calculation
Operations

\\ F . w’roblems Involving Money /

Ethnomathematics
Connection
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Based on interviews with |1 and Iz, itis customary for them to estimate the initial price or base price
of the fish before the auction begins. This estimation is influenced by variables such as previous market
prices, the type and condition of the fish, availability, weather conditions, and other factors. For instance,
tuna is typically caught during the dry or east season from March to August. If tuna is caught in
abundance, its price may decrease. The mathematical values involved in setting this initial price include
social arithmetic, counting operations, and measurements of fish weight and price.

Following the determination of the initial price, |1 meticulously manages the bidding process,
recording the minimum price increments between fish baskets. At the end of the auction, |1 tallies the
highest bids to identify the winner and calculates the total auction revenue, accounting for fish sales,
taxes, and other fees. The mathematical activities performed by |1 and |2 are designed to secure the best
possible selling price for the fish while ensuring fairness for both fishermen and fish baskets. The
mathematical values in these activities include social arithmetic, counting operations, and measurements
of fish weight and price.

When |2 makes an open offer for the fish, the bakul (buyers) begin to place bids. According to l4,
they first perform calculations to determine an appropriate offer price. |4 considers factors such as fish
type and quality, operational costs, transportation expenses, and desired profit margins. These
calculations ensure that the purchase price of each fish is reasonable and allows for profitable resale.
Since fish are typically bought in large quantities, |4 must also convert fish weight into suitable units to
determine the price per kilogram or other units. Thus, the mathematical values in this activity include
social arithmetic, counting operations, and measurements of fish weight and price.

The subsequent process involves meticulous management of fish stocks, including calculations to
forecast customer demand, assess available inventory, and plan additional purchases if needed. The
mathematical values in this stage also involve social arithmetic, counting operations, and measurements
of fish weight and price. To integrate ethnomodeling, the approaches used include emic, etic, and
dialogical perspectives. Mathematical modeling is represented in determining the initial price, managing
bidding prices, and identifying the winner of the fish auction, though it does not include conversions of
fish weight and length units.

Starting Price

There is no fixed mathematical formula that can be used in general to determine the initial price in a fish
auction because the initial price (Ip) is greatly influenced by various factors such as market price (Mp),
operational costs (Co), and profit margin (Pm). The market price is the current price. Operational costs are
costs incurred to run the auction, such as venue costs, employee salary costs, and administration costs.
Profit margin is the percentage of profit the auctioneer desires from selling fish. In simple terms, the initial
price is calculated using a formula.

Initial Price = (Market Price + Operating Costs) + Profit Margin
I, = (M, +0,) + B,

Current market prices tend to fluctuate. However, every fish auction place has fish price updates every
month. For example, the current price of tuna is around IDR 22,000/Kg. The operational costs for one kg
of fish are IDR 300, while the desired profit margin is 10% of the market price. Therefore, the initial price
for the offer is:
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I, =(M,+0,) + B,
10

= (22,000 + 300) + (22,000 X (m))

= (22,300) + (2,200)
= 24,500

So, the initial price for one kg of tuna offered at auction is IDR 24,500/Kg.

Management of Fish Bidding and Determination of Auction Winners

To manage offers, use the interval concept from the initial price to the highest price requested by fish
baskets.

Initial price Highest Price intial Pri Highest Price
: ntial Price .
\ Fish Supply Interval /th Supply Interval \’/ Fish Supply Interval g Fish Supply Interval
A ' c D

B e e e e I T T B B

Highest Price

9,500
0,000
0.500
1000
1,500
2,000
3.000 =
3,500
4,000
4,500
5,000 mu —

16,500
17,000
17.500
18,000
18,500
19,000
19,500
20,000
20,500
21,000
21,500
000
22.500
23,000
23,500
24,000
24,500
25,000
25,500
26,000
26,500
27,000
27.500
28,000

Intial Price Intial Price

Figure 7. Fish Supply Price Interval

As an illustration, if the initial price of fish A is IDR 9,500/kg, the increase in supply is 500/kg, and the
highest price is IDR 12,500, then the illustration can be presented in Figure 7. Each supply point
corresponds to the price of fish in one kg. Apart from that, mathematically managing fish supply uses the
concept of a number line (See Table 2).

Table 2. Fish Supply Number Line

Typ_e s of Offer Interval Notation Number Line Interval
Fish Type
Fish A 9,500 < x [9,500 — l 1 Close
< 12,500 12,500] g = Interval
Close
Fish B 13,000 < x [13,000 - | | Interval
< 14,500 14,500] 2
Close
Fish C 18,000 < x [18,000 — l | Interval
< 22,500 22,500] g s
Close
Fish D 23,000 <x  [23,000- l 1 Interval
< 28,000 28,500] by =

(/
‘,L
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In the situation of offering fish, a with an initial price of 9,500 and a maximum price of 12,500, it falls into
the closed interval category, written as 9,500 < x < 12,500and notated [9,500 — 12,500].
Furthermore, the bid with the highest price will be selected as the winner. This means that to determine
the winner, they are selected based on the maximum price. In general, the concept of the number line in
the bidding process can be written as follows.

[a,b] = {x|a < x < b}

Bid Calculation

ls before starting the offer, |4 has determined the highest price that can be purchased. The highest
benchmark price (Z) is based on component costs, such as operational costs (X1), basic price of fish (X2),
and desired profit (Y). In simple terms, this can be formulated as follows:

Highest Benchmark Price = £ (Component Costs) + Desired Profit
Z=(X1+Xo)+Y

Operational costs (X2) per kilogram are calculated by adding up transportation costs (Tc), storage costs
(Sc), and other costs (Oc), then dividing the results by the total fish (Tr) to be purchased.

Transportation costs + Storage costs + Other costs

Operating costs = ,
Total fish to be purchased

Xz — Tec+Sc+0c¢

Tr
As an illustration, if a basket person buys 8 tons (8,000 kg) of fish, the transportation costs are IDR
1,000,000, the storage costs are IDR 500,000, and other costs are IDR 500,000, then the operational
costs per/kg of fish are:

_ Tec+Sc+0¢
Ty
_ 1,000,000+500,000+500,000

8,000
__ 2,000,000

8,000
=250

Xz

So, the operational cost per/kg is IDR 250. Furthermore, if a basket person wants to buy 8 tons (8,000
kg) of fish A, the operational cost per/kg is IDR 250, the base price of fish Ais 12,000/kg, and the desired
profit per/kg 20% of the base price of fish, then the highest benchmark price is:

Highest Benchmark Price = (12,000 + 250) + (20% x 12,000)
= 12,250 + 2,400
= 14,650

So, the highest benchmark price for baskets is 14,650. After knowing the highest benchmark price,
baskets can start offering fish from prices below IDR 14,650.

(‘IA\ :‘_-1\:«“.:4
“\?C:;}E/J H

w7
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Fish Weight Unit Conversion
Based on information from la, in the world of weighing fish, various weight units commonly used can be
seen in Table 3.

Table 3. Fish Weight Unit

No Unit weight Conversion
1 Kilogram The common weight unit used to measure the weight
of fish in most countries around the world.
2 Ons At the fish auction in Indramayu, 1 ounce is

equivalent to 0.1 kg. Generally used to sell shrimp,
squid, anchovies.

3 Quintal The quintal is a larger unit than the kilogram, where
one quintal is equal to 100 kilograms.

4 Tons The ton is a much larger unit than the kilogram,
where one ton is equal to 1,000 kilograms.

5 Basket At the fish auction in Indramayu, 1 basket is
equivalent to 30 kg.

Institutionalization of Mathematics in Schools

The establishment of institutionalization of mathematics in schools from the context of buying and selling
fish online in the Indramayu fishing community was carried out by integrating it into didactic situations
(See Figure 8).

D 7 A AR
@lory Problem 1 @ ' w Story Problem 2

e _—YT

A fishing fod boat with 20 crow members caught mackerel and tuna
After the fish are broaght to the fish auction place, the fisharmen and Mrs. Darti plans to buy fish from tso fishing boats whose caiches  [J
the auction committes sort, grade and weigh the fish, Based on the e X z >
serting and grading results, it was found that there were four types of will e auctioned off. On the first fishing boal, Mrs. Rl rn.mage_d o
si2es for mackerel fish and three types of sizes for tuna fish. The buy 3 baskets of mackerel for Rp. 900,000, 12 kg of medium-sized
smallest mackerel fish has 3 size of 11 ¢m and tuna fish has a size of 25 cerebung shrimp for Rp. 480,000 and five quintals of medium-sized
cm, Apart from that, for mackerel each size has an interval of 10 and tuna for Rp. 4,915,000.00. On the second fishing boat, Mrs. Darti [
bought a basket of medium-sized mackerel for Rp. 250,000, 15 kg of 5
large mackerel shrimp for Rp. 1100,000 and 7 quintals of medium- &

for mackerol fish thore is an interval of S, There are 432 mackerel with
of 120 kg. Furthermere, for size | tuna there are 480 with a weight of sized deles fish, the same volume as mackerel for Rp. 3,220,000.

5120 | weighing 72 kg, size 2 there are 400 with 3 weight of 00 kg, size
3 there are 100 with a weight of 50 kg. and size & has 120 with a weight
120 kg, size 2 there are 200 with a weight of 100 and size 3 there are 72 1 Determine () the price per kilogram of caich purchased from the
with a weight of 72 kg \!wu fishing boats, {b} the money that Mrs. Darfi has to spend!

1. Make a frequency distribution table for the problem! (Modeling a) Unit conversionin kg (Modeling Connection)
Connection)

b} Determine the cost of buying fish (Procedural Connection)

2. Calculate the average weight of fish of each size! (Procedural Connection)

(1) (i
Figure 8. The Didactic Situation of School Mathematics
Problem 1 serves as an introductory exercise for understanding fundamental statistical concepts at the
elementary or junior high school level. To address Problem 1 (see Figure 8), students begin by identifying

the type, weight, and quantity of fish for each size category. Specifically, the mackerel species includes
four size categories, whereas the tuna species encompasses three size categories. The smallest

@ =
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mackerel measures 11 cm in length, and the smallest tuna measures 25 cm in length. Following this
identification process, students are required to construct a mathematical model for each fish species in
the form of a frequency distribution table. For mackerel, the frequency distribution table will feature four
rows corresponding to the four size categories of mackerel, with columns representing the weight and
quantity of fish for each size. Similarly, the frequency distribution table for tuna will consist of three rows
representing the three size categories, with columns denoting the weight and quantity of fish for each
size. The structure of the frequency distribution tables for each fish species is illustrated in Figure 9.

Mackerel/Size | Weight (Kg) | Number of Mackerel Tuna/Size | Weight (Kg) | Number of Tuna
11 cm | 25cm

Figure 9. List of Frequency Distributions for Each Type of Fish

Didactically, in Problem 1, the process of correlating fish size, fish weight, and the number of fish to
construct a frequency distribution is referred to as connection modeling. Conversely, the process of
associating the weight of the fish with its quantity to calculate the average weight of tilapia for each size
category is termed procedural connection (see Figure 10).

Moreover, Problem 2 (see Figure 8) serves as an introduction to the concepts of social arithmetic
for elementary or junior high school students. This problem involves determining the initial purchase price
of the seafood bought by Mrs. Darti. To solve this problem, students must first identify the type of seafood
Mrs. Darti purchased from each boat. Subsequently, students should convert the quantities from standard
units to kilograms. Following this, students can calculate the unit price for each type of seafood purchased
by Mrs. Darti. Didactically, in Problem 2, the process of relating the measurements used by Mrs. Darti to
standard units (kg) is termed modeling connection. Conversely, the process of calculating the initial unit
price of each type of seafood is referred to as procedural connection (see Figure 10).

[ Story Problem ]
Il

/ Thought process }\
jmmmmmmmm K M

Modeling Connection

Process of connecting
fish size, fish weight,
and number of fish
into a frequency
distribution

Process of connecting
the initial unit price of
each type of marine
catch

N

Process of connecting the
weight of the fish with its
number to produce an
average lilapia weight for
each size of fish

Process of connecting
the measurements used
by Mrs. Darti to standard
measurements (kg)

Figure 10. Didactic Process
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Discussion

Ethnomathematics examines how different cultures integrate mathematical practices with cultural
contexts, social environments, politics, and economics, applying these practices to relevant everyday
situations. While numerous studies have investigated ethnomathematics within buying and selling
practices, there is a lack of research focusing specifically on auction transactions in Indramayu. This
study distinguishes itself by concurrently employing both ethnomathematics and ethnomodeling
methodologies, offering a novel approach compared to previous research.

This research identified that ethnomathematics connections manifest in the auction-based fish
buying and selling practices within the Indramayu Fishermen's Community. Specifically,
ethnomathematics is evident in fish sorting and grading activities, including tasks such as measuring fish
length, weighing fish, counting the number of fish, and categorizing fish by type. The integration of
ethnomodeling into these sorting and grading activities can facilitate the institutionalization of school
mathematics, encompassing concepts such as sets (universe sets, subsets, set cardinality, set
operations, and Venn diagrams) and statistics (data collection and presentation, averages).

Furthermore, ethnomathematical connections to auction transactions are evident in activities such
as estimating initial prices, managing bids, determining auction winners, calculating bid amounts, and
converting fish weight. Ethnomodeling contributions to auction transactions can aid in the
institutionalization of school mathematics, including topics such as materials, social arithmetic, weight
measurements, number line placements, arithmetic operations (addition, subtraction, multiplication,
division), and monetary problem-solving. These findings are detailed in the research framework (see
Figure 11).

Mathematics in the Practice of
Fishermen's Communities
T
1

1
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Buying and selling transactions at the
Fish Auction Place
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Figure 11. Framework of Research Findings

Research on ethnomathematics in trading practices frequently reveals that many mathematical
activities occur in everyday life with limited conscious awareness from those involved. This phenomenon
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illustrates the longstanding integration of mathematics into cultural and economic activities. For instance,
Nurjanah et al. (2021) documented that the Minangkabau Tribe in Indonesia employs mathematical
representations through finger symbols and body movements for calculation activities. On the other hand,
Sudirman et al. (2023) observed that traders in traditional markets utilize the "backward calculation”
method to determine the remaining change. Additionally, Angraini and Rakhmawati (2023) identified that
the community of Asahan Regency organizes fish trading activities in traditional markets into three main
processes: measuring, packaging, and buying and selling. These processes encompass various
mathematical concepts, including measurement, sets, one-variable linear equations, weight
comparisons, social arithmetic, relations and functions, two-variable linear equations, planar geometry,
and probability.

In traditional auction-based fish buying and selling, one of the most prominent ethnomathematics
connections is observed in counting activities. Counting, as a significant aspect of ethnomathematics,
varies widely depending on cultural practices, traditions, community environments, geographic
conditions, and levels of education. Nurjanah et al. (2021) found that the Minangkabau people of
Indonesia utilize finger-based calculations in traditional buying and selling activities. Similarly, Wiryanto
et al. (2022) and Janiola and Santo (2021) discovered that traditional calculations are integral to
determining calendars in Indonesian and Filipino cultures. Umbara et al. (2021a; 2022b) documented
that the Cigugur indigenous people in Indonesia use calculations to identify auspicious days for
construction and optimal times for farming. Additionally, the Kafa community in Ethiopia employs
calculations within their agricultural practices (Gebre et al., 2021), and in Nigeria, traditional calculations
are used in the production of fired bricks (Abah et al., 2020). This counting process not only addresses
the practical needs of auction-based fish transactions but also embodies local wisdom and community
knowledge. The Indramayu fishing community, in particular, relies heavily on experiential knowledge and
intuition for observing, estimating, sorting, and grading fish, as well as determining appropriate pricing for
their catch.

This research aims to advance the institutionalization of mathematics in schools by implementing
didactic situations that involve auction activities with coastal communities in Indramayu. This approach
introduces key mathematical concepts such as sets, social arithmetic, and statistics. The application of
didactic situations rooted in societal culture has garnered significant attention in mathematical education
research. For example, Risdiyanti et al. (2019) developed a Learning Trajectory based on the traditional
Indonesian game Kubuk Manuk to facilitate students' understanding of social arithmetic. Similarly,
Sukestiyarno et al. (2023) employed the traditional fishing tool "Bubu" to teach concepts of non-Euclidean
geometry. Malalina et al. (2022) utilized the trade practices on the Musi River in Palembang, Indonesia,
to enhance students' grasp of social arithmetic. Additionally, Susanti (2021) demonstrated that the local
game Tong Tong Galitong Ji can aid in comprehending arithmetic operations, probability, and arithmetic
sequences. Prahmana and Istiandaru (2021) identified various engaging elements and patterns within
Javanese Wayang Kulit, which can serve as a foundation for studying the concept of assemblage. Their
research highlights those students successfully developed an understanding of congruence and
congruent triangles through an ethnomathematics-based learning process centered on Islamic
ornaments.

This research demonstrates that connections between ethnomathematics and ethnomodeling can
facilitate the institutionalization of mathematical concepts within educational settings. Ethnomathematics,
by relating mathematical practices to everyday life, provides insights into how various cultures approach
counting, measuring, weighing, identifying, collecting, and solving mathematical problems. Furthermore,
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integrating ethnomathematics into didactic situations drawn from students' cultural backgrounds
enhances their understanding of mathematical concepts. This approach aligns with Rodriguez-Nieto's
(2021) assertion that ethnomathematics can be understood as the relationship between mathematics
practiced within cultural groups and the universally recognized mathematical concepts found in curricular
materials, such as textbooks. In the context of this research, the connection between ethnomathematics
and auction-based fish buying and selling activities leads to the development of mathematical tasks,
including measuring, weighing, identifying, calculating, collecting, and managing auction results, thereby
reflecting practical mathematical activities.

Furthermore, the connection between ethnomodeling and cultural mathematical activities supports
students in linking cultural practices with mathematical modeling, thereby enhancing their mathematical
understanding. This perspective is consistent with Umbara et al. (2021b), who highlight the central role
of ethnomodeling in bridging cultural aspects with mathematical modeling, facilitating its application in
educational settings. Additionally, ethnomodeling contributes to problem-solving and understanding
alternative mathematical systems (Rosa & Orey, 2016) and offers an integrative approach to the school
mathematics curriculum by incorporating both emic and etic knowledge through a dialogical approach
(Cortes & Orey, 2020). In this research, the ethnomodeling connection within auction-based fish buying
and selling activities leads to the development of mathematical models for sorting, grading, and
transaction processes. Future research could further investigate the interplay between
ethnomathematics, ethnomodeling, and the institutionalization of mathematics across diverse cultural
and social contexts. Such studies would deepen the understanding of how mathematics can be integrated
with local cultural practices. Moreover, this research offers opportunities for the development of learning
modules based on these findings, which could serve as independent resources for students or
supplementary materials for classroom instruction.

CONCLUSION

The fish buying and selling activity conducted through an auction system is a long-standing cultural
tradition among the Indramayu people, maintained since ancient times. This auction-based fish trade
extends beyond mere commercial transactions for fishermen; it is deeply embedded in local traditions,
social interactions, and cultural events, representing an integral aspect of the fishermen's way of life and
local heritage. Among the cultural heritage practices is the mathematical activity associated with fish
auctions. Theoretically and conceptually, such activities fall under the domain of ethnomathematics.
Within the Indramayu Fishermen's Community, ethnomathematics connections are evident in both fish
sorting and grading activities, as well as auction transactions. Specifically, ethnomathematics manifests
in tasks such as measuring fish length, weighing fish, counting fish, and categorizing them by type.
Ethnomodeling, in turn, facilitates the integration of school mathematics through concepts such as sets
(including universe sets, subsets, set cardinality, set operations, and Venn diagrams) and statistics (such
as data collection, presentation, and averages). Additionally, ethnomathematical connections to auction
transactions involve estimating initial prices, managing bids, determining auction winners, calculating bid
amounts, and converting fish weights. These ethnomodeling connections contribute to the
institutionalization of school mathematics, including topics such as materials, social arithmetic, weight
measurements, number line placements, arithmetic operations (addition, subtraction, multiplication,
division), and monetary problem-solving.
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This research concludes that the institutionalization of mathematics in educational settings can be
effectively achieved by integrating ethnomathematics and ethnomodeling practices observed in fishing
communities' fish buying and selling activities. Additionally, mathematical concepts in the school
curriculum can be taught through didactic situations, such as auction transactions, which facilitate the
understanding of concepts including sets, social arithmetic, and statistics. Involving students' everyday
cultural contexts in the teaching of mathematical concepts allows them to construct these concepts based
on their personal experiences. This approach helps students perceive mathematics as relevant to their
everyday lives, rather than as an abstract theory disconnected from their experiences. Consequently,
mathematical concepts that may initially seem challenging or abstract become more comprehensible as
students recognize direct connections between these concepts and real-life situations.

This research has several limitations. Firstly, it is confined to the examination of fish buying and
selling activities conducted through auctions in Indramayu, Indonesia, which may limit the generalizability
of the findings to other regions. Additionally, the focus on the institutionalization of school mathematics
concepts is restricted to those identified through the connections between ethnomathematics and
ethnomodeling within these traditional auction practices. Furthermore, the study employs an
ethnographic approach to explore and understand the relationship between ethnomathematics,
ethnomodeling, and school mathematical concepts in the context of fish auctions in Indramayu. This
approach may not fully capture all aspects of these relationships or provide a comprehensive analysis.
Consequently, feedback and further research from other scholars are essential to address these
limitations and enhance the depth and applicability of the findings.

Acknowledgments

We extend our heartfelt gratitude to Universitas Terbuka, Indonesia; the University of the Coast,
Colombia; and Akenten Appiah-Menka University of Skills Training and Entrepreneurial Development,
Ghana, for their invaluable support and collaboration in this research. Their dedication, resources, and
expertise have been instrumental to the success of this study. We also wish to acknowledge the
participation and contributions of the students and educators involved, whose engagement significantly
enriched our research. Finally, we express our sincere thanks to our respective institutions and
colleagues for their unwavering support throughout this collaborative endeavor.

Declarations

Author Contribution : S Conceptualization, Methodology, Formal Analysis, Investigation,
Resources, Data Curation, Writing-Original Draft, Editing, and
Visualization.

CAR-N: Writing-Review & Editing, Formal analysis, and Methodology.
EB: Review, Validation and Supervision.

Funding Statement . This research was conducted with financial support from Universitas
Terbuka. The authors assume full responsibility for the content and
conclusions presented in this study, which do not necessarily reflect the
views of the funding institution. We also wish to express our gratitude to
all individuals and organizations who provided additional support and
valuable contributions throughout the research process.




Integrating ethnomathematics and ethnomodeling in Institutionalization of school mathematics concepts: A study of ... 855

Conflict of Interest . The authors declare no conflict of interest.
Additional Information . Additional information is available for this paper.
REFERENCES

Abah, J. A., Atondo, G. T., & Kwaghwa, J. T. (2020). The Ethnomathematics of Indigenous Burnt Bricks
Production in the Benue Valley. VillageMath Educational Review (VER), 1(1), 11-25.
https:/Ivillagemath.net/journals/ver/v1i1/abah-atondo-kwaghwa

Alangui, W. V. (2020). Beyond songs and dances: Ethnomathematics and the challenge of culture.
Revista Latinoamericana de Etnomatematica, 13(3), 88-107.

Amit, M., & Abu Qouder, F. (2017). Weaving culture and mathematics in the classroom: the case of
bedouin ethnomathematics. In: Rosa, M., Shirley, L., Gavarrete, M., Alangui, W. (eds)
Ethnomathematics and its Diverse Approaches for Mathematics Education. ICME-13 Monographs.
Springer, Cham. https://doi.org/10.1007/978-3-319-59220-6_2

Angraini, R., & Rakhmawati, F. (2023). Ethnomathematics exploration of fish trader activities in the
traditional market of Punggulan Village, Asahan Regency. Indonesian Journal of Science and
Mathematics Education, 6(2), 213-226. http://dx.doi.org/10.24042/ijsme.v6i2.17182

Chahine, 1. C. (2021). llm Al-raml: A case study in mathematizing divination systems using modular
arithmetic. The Oriental Anthropologist, 21(1), 30-48. https://doi.org/10.1177/0972558X20975648

Cortes, D.P.D. 0., & Orey, D. C. (2020). Connecting ethnomathematics and modelling: a mixed methods
study to understand the dialogic approach of ethnomodelling. Revemop, 2, €202011, 1-25.
https://doi.org/10.33532/revemop.e202011

Fauzi, L. M., Hanum, F., Jailani, J., & Jatmiko, J. (2022). Ethnomathematics: mathematical ideas and
educational values on the architecture of Sasak Traditional Residence. International Journal of
Evaluation and Research in Education, 11(1), 250-259. http://doi.org/10.11591/ijere.v11i1.21775

Fouze, A. Q., & Amit, M. (2017). On the importance of an ethnomathematical curriculum in mathematics
education. EURASIA Journal of Mathematics, Science and Technology Education, 14(2), 561-567.
https://doi.org/10.12973/ejmste/76956

Furuto, L. H. (2014). Pacific ethnomathematics: Pedagogy and practices in mathematics
education. Teaching Mathematics and its Applications: An International Journal of the IMA, 33(2),
110-121. https://doi.org/10.1093/teamat/hru009

Gebre, D. G., Kassa, S. A., & Wodeyesus, K. M. (2021). Ethnomathematics in Kafa, Ethiopia: Number
Sense and its Level of Inclusion in School Curriculum. Mediterranean Journal of Social &
Behavioral Research, 5(3), 41-50. https://doi.org/10.30935/mjosbr/11291

Janiola, F. R & Santo, M.S.M.D.L (2021). The Ethnomathematics Practices of Eskaya Tribe. Turkish
Journal  of  Computer  and  Mathematics  Education, 12(3),  3767-3777.
https://doi.org/10.17762/turcomat.v12i3.1660


https://villagemath.net/journals/ver/v1i1/abah-atondo-kwaghwa
https://doi.org/10.1007/978-3-319-59220-6_2
http://dx.doi.org/10.24042/ijsme.v6i2.17182
https://doi.org/10.1177/0972558X20975648
https://doi.org/10.33532/revemop.e202011
http://doi.org/10.11591/ijere.v11i1.21775
https://doi.org/10.12973/ejmste/76956
https://doi.org/10.1093/teamat/hru009
https://doi.org/10.30935/mjosbr/11291
https://doi.org/10.17762/turcomat.v12i3.1660

856 Sudirman, Rodriguez-Nieto, & Bonyah

Lidinillah, D. A. M., Rahman, R., Wahyudin, W., & Aryanto, S. (2022). Integrating sundanese
ethnomathematics into mathematics curriculum and teaching: A systematic review from 2013 to
2020. Infinity Journal, 11(1), 33-54. https://doi.org/10.22460/infinity.v11i1.p33-54

Malalina, M., Putri, R. I., Zulkardi, Z., & Hartono, Y. (2022). Ethnomathematics: traveling trade on the
musi river. In Eighth Southeast Asia Design Research (SEA-DR) & the Second Science,
Technology, Education, Arts, Culture, and Humanity (STEACH) International Conference
(SEADR-STEACH 2021) (Pp. 116-122). Atlantis Press.
https://doi.org/10.2991/assehr.k.211229.019

Mansilla-Scholer, L. E., Castro-Inostroza, A. N., & Rodriguez-Nieto, C. A. (2022). Exploring the
mathematical knowledge of fishermen in the bay of Puerto Montt, Chile. Praxis & Saber, 13(32).
https://doi.org/10.19053/22160159.v13.n32.2022.12894

Mardia, I., Turmudi, T & Nurjanah, N. (2020). Ethnomathematics study: Formalizing mathematical
representation in the Marosok trading tradition in Minangkabau. Journal of Physics: Conference
Series, 1521(3), 032049. https://doi.org/10.1088/1742-6596/1521/3/032049

Mosimege, M. D., & Egara, F. O. (2022). Perception and perspective of teachers towards the usage of
ethno-mathematics approach in mathematics teaching and learning. Multicultural Education, 8(3),
288-298. https://mc-caddogap.com/wp-content/uploads/paper-31-of-vol-8-issue-3.pdf

Nurjanah, N., Mardia, |, & Turmudi, T. (2021). Ethnomathematics study of Minangkabau tribe: formulation
of mathematical representation in the Marosok ftraditional trading. Ethnography and
Education, 16(4), 437-456. https://doi.org/10.1080/17457823.2021.1952636

Orey, D.C. (2000). The ethnomathematics of the sioux tipi and cone. In: Selin, H. (eds) Mathematics
Across Cultures. Science Across Cultures: The History of Non-Western Science, vol 2. Springer,
Dordrecht. https://doi.org/10.1007/978-94-011-4301-1_13

Orey, D. C., & Rosa, M. (2008). Ethnomathematics and cultural representations: Teaching in highly
diverse contexts. Acta Scientiae. Revista de Ensino de Ciéncias e Matematica, 10(1), 27-46.
http://funes.uniandes.edu.co/27874/1/0Orey2008Ethnomathematics.pdf

Owusu-Darko, 1., Sabtiwu, R., Doe, F., Owusu-Mintah, B., & Ofosu, E. K. (2023). Akan
ethnomathematics: Demonstrating its pedagogical action on the teaching and learning of
mensuration and geometry. Journal of Mathematics and Science Teacher, 3(2), em042.
https://doi.org/10.29333/mathsciteacher/13281

Pabon-Navarro, M. L., Rodriguez-Nieto, C. A., & Povea-Araque, A. M. (2022). Ethnomathematical
connections in bricks making in Salamina-Magdalena, Colombia, and geometric treatment with
GeoGebra. Turkish Journal of Computer and Mathematics Education,13(3), 257-273.
https://turcomat.org/index.php/turkbilmat/article/view/12953/9302

Pathuddin, H., & Nawawi, M. |. (2021). Buginese ethnomathematics: Barongko Cake explorations as
mathematics learning resources. Journal on Mathematics Education, 12(2), 295-312.
https://doi.org/10.22342/jme.12.2.12695.295-312

Prahmana, R. C. I, & D'Ambrosio, U. (2020). Learning Geometry and Values from Patterns:
Ethnomathematics on the Batik Patterns of Yogyakarta, Indonesia. Journal on Mathematics
Education, 11(3), 439-456. https://doi.org/10.22342/jme.11.3.12949.439-456

O, A


https://doi.org/10.22460/infinity.v11i1.p33-54
https://doi.org/10.2991/assehr.k.211229.019
https://doi.org/10.19053/22160159.v13.n32.2022.12894
https://doi.org/10.1088/1742-6596/1521/3/032049
https://mc-caddogap.com/wp-content/uploads/paper-31-of-vol-8-issue-3.pdf
https://doi.org/10.1080/17457823.2021.1952636
https://doi.org/10.1007/978-94-011-4301-1_13
http://funes.uniandes.edu.co/27874/1/Orey2008Ethnomathematics.pdf
https://doi.org/10.29333/mathsciteacher/13281
https://turcomat.org/index.php/turkbilmat/article/view/12953/9302
https://doi.org/10.22342/jme.12.2.12695.295-312
https://doi.org/10.22342/jme.11.3.12949.439-456

Integrating ethnomathematics and ethnomodeling in Institutionalization of school mathematics concepts: A study of ... 857

Prahmana, R. C. I, Yunianto, W., Rosa, M., & Orey, D. C. (2021). Ethnomathematics: Pranatamangsa
system and the birth-death ceremonial in Yogyakarta. Journal on Mathematics Education, 12(1),
93-112. https://doi.org/10.22342/JME.12.1.11745.93-112

Prahmana, R. C. |., & Istiandaru, A. (2021). Learning sets theory using shadow puppet: A study of
Javanese ethnomathematics. Mathematics, 9(22), 2938. https://doi.org/10.3390/math9222938

Risdiyanti, ., Prahmana, R. C. I., & Shahrill, M. (2019). The Learning Trajectory of Social Arithmetic using
an Indonesian Traditional Game. llkogretim Online, 18(4), 2094-2108.
https://doi.org/10.17051/ilkonline.2019.639439

Rodriguez-Nieto, C. A. (2021). Ethnomatematical connections between geometric concepts in the making
of tortillas from Chilpancingo, Mexico. Revista de Investigacion, Desarrollo e Innovacion, 11(2),
273-296. https://doi.org/10.19053/20278306.v11.n2.2021.12756

Rodriguez-Nieto, C. A., & Escobar-Ramirez, Y. C. (2022). Conexiones etnomatematicas en la
elaboracion del sancocho de guandu y su comercializacién en Sibarco, Colombia. Bolema:
Boletim de Educagdo Matematica, 36, 971-1002. https://doi.org/10.1590/1980-4415v36n74a02

Rodriguez-Nieto, C. A., Nufiez-Gutierrez, K., & Morales-Garcia, L. (2022). Connecting measures and
patterns in coconut palm planting in Mexico. Revista de Investigacion, Desarrollo e
Innovacién, 12(1), 67-86. https://doi.org/10.19053/20278306.v12.n1.2022.14209

Rosa, M., Orey, D.C. (2008). Pop: a study of the ethnomathematics of globalization using the sacred
mayan mat pattern. In: Atweh, B., et al. Internationalisation and Globalisation in Mathematics and
Science Education. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-5908-7_13

Rosa, M., & Orey, D. C. (2010). Ethnomodeling: an ethnomathematical holistic tool. Academic Exchange
Quarterly, 14(3), 191-195.

Rosa, M., & Orey, D. (2011). Ethnomathematics: the cultural aspects of mathematics. Revista
Latinoamericana de Etnomatematica: Perspectivas Socioculturales de La Educacion
Matematica, 4(2), 32-54. http://funes.uniandes.edu.co/3079/1/Rosa2011Ethnomathematics.pdf

Rosa, M., & Orey, D. C. (2016). State of the art in Ethnomathematics. In Current and future perspectives
of ethnomathematics as a program (pp. 11-37). Springer. https://doi.org/10.1007/978-3-319-
30120-4_3

Rosa, M., & Orey, D. C. (2021). An ethnomathematical perspective of STEM education in a glocalized
world. Bolema: Boletim de Educagdo Matematica, 35, 840-876. https://doi.org/10.1590/1980-
4415v35n70a14

Spradley, J. P. (2016). The Ethnographic Interview. Waveland Press.

Sudirman, Rodriguez-Nieto, C.A., Bonyah, E., Takiveikata, S & Dejarlo, J.0. (2023). Social arithmetics:
learning from Indramayu traditional market traders in doing calculations. The International Journal
of Mathematics and Sciences Education, 1(1), 41-49. https://doi.org/10.59965/ijmsed.v1i1.25

Sudirman, S., Yaniawati, R. P., Melawaty, M., & Indrawan, R. (2020). Integrating ethnomathematics into
augmented reality technology: Exploration, design, and implementation in geometry learning.
Journal of Physics: Conference Series, 1521(3), 032006. https://doi.org/10.1088/1742-
6596/1521/3/032006


https://doi.org/10.22342/JME.12.1.11745.93-112
https://doi.org/10.3390/math9222938
https://doi.org/10.17051/ilkonline.2019.639439
https://doi.org/10.19053/20278306.v11.n2.2021.12756
https://doi.org/10.1590/1980-4415v36n74a02
https://doi.org/10.19053/20278306.v12.n1.2022.14209
https://doi.org/10.1007/978-1-4020-5908-7_13
http://funes.uniandes.edu.co/3079/1/Rosa2011Ethnomathematics.pdf
https://doi.org/10.1007/978-3-319-30120-4_3
https://doi.org/10.1007/978-3-319-30120-4_3
https://doi.org/10.1590/1980-4415v35n70a14
https://doi.org/10.1590/1980-4415v35n70a14
https://doi.org/10.59965/ijmsed.v1i1.25
https://doi.org/10.1088/1742-6596/1521/3/032006
https://doi.org/10.1088/1742-6596/1521/3/032006

858 Sudirman, Rodriguez-Nieto, & Bonyah

Sukestiyarno, Y. L., Nugroho, K. U. Z., Sugiman, S., & Waluya, B. (2023). Learning trajectory of non-
Euclidean geometry through ethnomathematics learning approaches to improve spatial
ability. Eurasia Journal of Mathematics, Science and Technology Education, 19(6),
em2285. https://doi.org/10.29333/ejmste/13269

Supit, R. E. M., Regar, V. E., & Maukar, M. G. (2023). Ethnomathematics of Buying and Selling
Transactions Conducted by Traders in Beriman Tomohon Market. Journal on Education, 6(1), 339-
348. https://jonedu.org/index.php/joe/article/view/2947

Supiyati, S.,Hanum, F & Jailani, J. (2019). Ethnomathematics in Sasaknese Architecture. Journal on
Mathematics Education, 10(1), 47-58. https://doi.org/10.22342/jme.10.1.5383.47-58

Sunzuma, G., & Maharaj, A. (2020). In-service Secondary Teachers' Teaching Approaches and Views
Towards Integrating Ethnomathematics Approaches into Geometry Teaching. Bolema: Boletim de
Educagédo Matematica, 34, 22-39. https://doi.org/10.1590/1980-4415v34n66a02

Sunzuma, G., & Maharaj, A. (2021). In-service mathematics teachers’ knowledge and awareness of
ethnomathematics approaches. International journal of mathematical education in science and
technology, 52(7), 1063-1078. https://doi.org/10.1080/0020739X.2020.1736351

Susanti, E. (2021). Ethnomathematics: Mathematical concept in the local game of tong tong galitong ji
for high school. Participatory Educational Research, 8(1), 219-231.
https://doi.org/10.17275/per.21.12.8.1

Umbara, U., Wahyudin, W., & Prabawanto, S. (2021a). Exploring ethnomathematics with ethnomodeling
methodological approach: How does cigugur indigenous people using calculations to determine
good day to build houses. Eurasia Journal of Mathematics, Science and Technology
Education, 17(2), em1939. https://doi.org/10.29333/ejmste/9673

Umbara, U., Wahyudin, W., & Prabawanto, S. (2021b). How to predict good days in farming:
ethnomathematics study with an ethnomodelling approach. JRAMathEdu (Journal of Research
and Advances in Mathematics Education), 6(1), 71-85.
https://doi.org/10.23917/ramathedu.v6i1.12065

Umeh, E. C., & Rosa, M. (2022). A Trivium Curriculum approach to connect an active learning and self-
assessment of students’ mathematical competencies in an ethnomodelling perspective. Journal of
Mathematics and Culture, 16(1), 72-89.
https://journalofmathematicsandculture.wordpress.com/wp-
content/uploads/2022/01/article_6_final-161.pdf

Wiryanto, Primaniarta, M. G., & Mattos, R. L. de. (2022). Javanese ethnomathematics: Exploration of
the Tedhak Siten tradition for class learning practices. Journal on Mathematics Education, 13(4),
661-680. https://doi.org/10.22342/jme.v13i4.pp661-680

Yaniawati, P., Sudirman, Mellawaty, Indrawan, R., & Mubarika, M.P. (2023). The potential of mobile
augmented reality as a didactic and pedagogical source in learning geometry 3D. Journal of
Technology and Science Education, 13(1), 4-22. https://doi.org/10.3926/jotse.1661

Zhang, W., & Zhang, Q. (2010). Ethnomathematics and its integration within the mathematics
curriculum. Journal of mathematics education, 3(1), 151-157.
https://educationforatoz.com/images/_12_Weizhong_Zhang_and_Qingiong_Zhang.pdf

@ e

e


https://doi.org/10.29333/ejmste/13269
https://jonedu.org/index.php/joe/article/view/2947
https://doi.org/10.22342/jme.10.1.5383.47-58
https://doi.org/10.1590/1980-4415v34n66a02
https://doi.org/10.1080/0020739X.2020.1736351
https://doi.org/10.17275/per.21.12.8.1
https://doi.org/10.29333/ejmste/9673
https://doi.org/10.23917/jramathedu.v6i1.12065
https://journalofmathematicsandculture.wordpress.com/wp-content/uploads/2022/01/article_6_final-161.pdf
https://journalofmathematicsandculture.wordpress.com/wp-content/uploads/2022/01/article_6_final-161.pdf
https://doi.org/10.22342/jme.v13i4.pp661-680
https://doi.org/10.3926/jotse.1661
https://educationforatoz.com/images/_12_Weizhong_Zhang_and_Qinqiong_Zhang.pdf

	Integrating ethnomathematics and ethnomodeling in Institutionalization of school mathematics concepts: A study of fishermen community activities
	Sudirman1* , Camilo Andrés Rodríguez-Nieto2 , Ebenezer Bonyah3
	METHODS
	Research Design
	Research Participants
	Data Collection
	Data Analysis
	RESULTS AND DISCUSSION
	Auction Activities
	Connection of Ethnomathematics, Ethnomodeling, and Institutionalization of School Mathematics in Fish Sorting and Grading Activities
	Connection of Ethnomathematics, Ethnomodeling, and Institutionalization of School Mathematics in Fish Auction Activities
	Institutionalization of Mathematics in Schools
	Discussion
	CONCLUSION
	Acknowledgments
	Declarations
	REFERENCES


