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Educat ion is  an important  means in shaping
super ior  human resources and able to compete
in the era of  g lobal izat ion.  In the context  of
learning,  the approach used needs to adapt  to
the t imes and the needs of  s tudents.  One of  the
approaches that  is  increasingly used in modern
educat ion is  the STEM (Science,  Technology,
Engineer ing,  and Mathemat ics)  approach.  This
approach aims to integrate var ious disc ip l ines
hol is t ical ly  so that  students are able to th ink
cr i t ica l ly ,  creat ively,  and innovat ively in solv ing
real-wor ld problems (Beers,  2011).

However,  in  i ts  implementat ion in Indonesia,  the STEM approach st i l l
faces a number of  chal lenges.  One of  them is the lack of  in tegrat ion
between local  cul tura l  values and the modern learning approach.  In fact ,
local  cul ture has great  potent ia l  in  support ing contextual  and meaningful
learning.  Therefore,  a study is  needed that  l inks local  cul ture and STEM
learning,  one of  which is  through ethnomathemat ics.

Ethnomathemat ics is  an approach that  l inks mathemat ics to the cul ture,
t radi t ions,  and act iv i t ies of  the local  communi ty.  D'Ambrosio (2001)
states that  ethnomathemat ics is  a way in which certa in societ ies
understand,  ar t iculate,  and pract ice mathemat ical  concepts that
or ig inate f rom their  own environment and cul ture.  This approach v iews
mathemat ics not  only as an abstract  sc ience,  but  a lso as part  of  human
l i fe and cul ture.

The Grebeg Maulud t radi t ion in Yogyakarta is  a form of  local  wisdom
that  contains mathemat ical  values.  This t radi t ion is  a celebrat ion of  the
Bir thday of  the Prophet  Muhammad SAW which is  carr ied out  for
generat ions by the Yogyakarta Palace.  In i t  there are var ious cul tura l
act iv i t ies such as mountain carnivals,  food dist r ibut ion,  and var ious
symbols that  contain mathemat ical  e lements such as symmetry,
pat terns,  geometry,  and number concepts.  When studied f rom a STEM
perspect ive,  th is  t radi t ion not  only has aesthet ic  and re l ig ious value,  but
also contains aspects of  sc ience,  technology,  engineer ing,  and
mathemat ics that  can be developed into contextual  teaching mater ia ls .
By examining the Grebeg Maulud t radi t ion f rom the perspect ive of
STEM-based ethnomathemat ics,  i t  is  hoped that  i t  can contr ibute to the
development of  learning that  is  more contextual ,  meaningful ,  and rooted
in the nat ion 's cul ture.  This study is  a lso expected to be able to foster  a
love for  local  cul ture whi le increasing the STEM l i teracy of  s tudents in
Indonesia.



02The Tradition Of
Grebeg Maulud



5

The Grebeg Maulud t radi t ion is  a
typical  celebrat ion of  the
Yogyakarta Palace to commemorate
the bi r th of  the Prophet  Muhammad
SAW. Grebeg comes f rom the word
"garebeg" which means crowd or
crowd, whi le Maulud refers to the
Prophet 's  Bir thday.  This t radi t ion
has been going on s ince the t ime of
the Mataram Sul tanate and is  st i l l
preserved by the Yogyakarta Palace
as a form of  respect  for  Is lamic
values and Javanese cul ture.

Grebeg Maulud not  only has a re l ig ious meaning,  but  a lso contains
socia l  and spir i tual  messages.  The palace as a cul tura l  center
provides an example in car ing for  t radi t ional  values whi le shar ing
them wi th the communi ty.  With the carnival  and the dist r ibut ion of
mountains,  the Palace expresses generosi ty ,  wel fare,  and grat i tude
to God.

A. History and Meaning of Grebeg Maulud
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The ser ies of  Grebeg Maulud processions began wi th a ceremony
inside the Palace cal led "Sekaten".  Dur ing Sekaten,  two of  the
Palace's heir loom gamelan,  namely Kyai  Nogowi logo and Kyai
Gunturmadu gamelan,  were played al ternately in the Sr i  Mangant i
Ward.  Then,  the peak event  was a mountain carnival  that  was
brought  f rom the Palace to the Gedhe Kauman Mosque.

Gunungan is  a symbol  of  produce and food that  is  arranged
symmetr ical ly  to resemble mountains.  There are several  types of
mountains,  such as Gunungan Lanang, Gunungan Wadon, and
Gunungan Pawuhan. Af ter  prayer,  the mountains are d ist r ibuted to
the general  publ ic  who bel ieve that  the contents of  the mountains
br ing blessings.

B. Series of Grebeg Maulud Activities

In each element of  the Grebeg Maulud procession,  there are many
symbols and structures that  ref lect  cul tura l  values and mathemat ical
concepts.  For example:

Mountains have a symmetr ical  shape and contain geometr ic
elements such as t r iangles and cones.
The preparat ion of  food is  carr ied out  in a repet i t ive and
pat terned manner.
The number of  cer ta in e lements in a carnival  or  procession is
arranged based on symbol ic  numbers,  such as odd numbers that
are considered sacred.
The di rect ion and path of  the carnival  fo l low the t radi t ional
Javanese spat ia l  pat tern which is  geometr ic  and phi losophical .

These symbols can be ident i f ied as part  of  ethnomathemat ics,  which is
the use of  mathemat ical  concepts that  are integrated into local  cul ture.
Further studies may uncover the re lat ionship between these pat terns
and STEM concepts.

C. Cultural Symbols and Mathematical Elements
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The term "ethnomathemat ics"  was f i rs t  in t roduced by Ubiratan
D'Ambrosio in the ear ly  1980s as a form of  cr i t ic ism of  the hegemony
of  Western v iews in mathemat ics educat ion.  According to D'Ambrosio
(2001),  ethnomathemat ics is  a method used by certa in cul tura l  groups
in understanding,  ar t iculat ing,  and pract ic ing mathemat ical  concepts
that  grow f rom their  own environment.  He stated that  mathemat ics is
not  universal  in  a s ingle form, but  has a d ivers i ty  of  forms that  ar ise
from di f ferent  cul tura l  and socia l  act iv i t ies.

This concept  was born f rom the real izat ion that  each communi ty
group has i ts  own way of  solv ing dai ly  l i fe  problems using a logical
approach,  a l though i t  is  not  a lways wr i t ten or  formal ized l ike
academic mathemat ics.  Therefore,  ethnomathemat ics e levates
var ious forms of  local  knowledge as legi t imate parts of  mathemat ical
understanding.

A. Definition and Origins of Ethnomathematics

Ethnomathemat ics is  not  l imi ted to one speci f ic  branch of
mathemat ics,  but  i t  encompasses var ious aspects such as:

Numbers and Operat ionsTradi t ional  number systems, count ing
methods in market  t ransact ions,  or  inher i tance dist r ibut ion ru les
in customs.

1.

Geometry and SymmetryThe design of  bat ik  mot i fs ,  the
archi tecture of  t radi t ional  houses,  and the arrangement of  v isual
e lements in cul tura l  r i tuals.

2.

Measurement and ScaleA way for  local  people to measure length,
weight ,  or  t ime,  for  example by inches,  cubi ts ,  or  the number of
days of  the Javanese market .

3.

Pat terns and Relat ionshipsRepeated pat terns in woven bamboo,
t radi t ional  dances,  and gamelan music.

4.

Spat ia l  Organizat ion and Navigat ionThe spat ia l  layout  of
t radi t ional  v i l lages,  r i tual  d i rect ions,  and bui ld ing or ientat ions that
are of ten fu l l  of  phi losophy.

5.

B. Scope and Concepts of Ethnomathematics
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In the wor ld of  educat ion,  ethnomathemat ics can be used as a
contextual  approach that  is  able to br idge local  and academic
knowledge.  Some of  the reasons why ethnomathemat ics is  re levant
for  learning are:

Contextual izat ion:  Relate learning to real- l i fe  exper iences that  are
close to students '  l ives.
Af f i rmat ion of  local  cul ture:  Valu ing and acknowledging the
contr ibut ion of  local  cul ture in sc ience.
Strengthening STEM l i teracy:  Provid ing an al ternat ive to project-
based learning and cul tura l ly  re levant  problem-solv ing.
Inclusiv i ty :  Provid ing space for  students f rom diverse cul tura l
backgrounds to act ively contr ibute.

The implementat ion of  ethnomathemat ics is  in l ine wi th the
phi losophy  of  the Independent Curr iculum, which emphasizes the
importance of  context-based learning and local  wisdom.

C. Ethnomathematics in the Context of Education

The Grebeg Maulud t radi t ion in Yogyakarta is  a c lear example of
cul tura l  pract ices that  are loaded wi th mathemat ical  concepts.  When
viewed through an ethnomathemat ical  lens,  th is  t radi t ion ref lects:

The geometr ic  st ructure of  the Gunungan shape,  which is
symmetr ical  and order ly .
Pat terns and repet i t ions in the preparat ion of  food and the
symbol izat ion of  sacred numbers (odd numbers) .
The organizat ion of  space and t ime in the layout  of  the carnival
and the Javanese-Is lamic calendar cycle.
Local  rat ional i ty  in conveying re l ig ious and socia l  values through
mathemat ical  v isual izat ion.

The ethnomathemat ical  analys is of  Grebeg Maulud is  the gateway to
make th is t radi t ion a contextual  and meaningful  learning resource in
STEM educat ion.

D. Relevance of Ethnomathematics in the Grebeg
Maulud Tradition
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STEM, which is  an acronym for  Science,  Technology,  Engineer ing,
and Mathemat ics,  is  a learning approach that  integrates the four
disc ip l ines hol is t ical ly  and interdisc ip l inary ly.  The main goal  of  the
STEM approach is  to prepare students for  real-wor ld chal lenges by
blending knowledge f rom di f ferent  f ie lds of  sc ience to produce
innovat ive solut ions to the problems at  hand.  In Indonesia,  th is
approach is  increasingly popular  in order to develop 21st  century
ski l ls  such as cr i t ica l ,  creat ive,  and technology-based th inking.

The implementat ion of  STEM in educat ion is  not  only l imi ted to
teaching scient i f ic  concepts,  but  a lso inc ludes the development of
pract ical  sk i l ls  necessary to design and implement technical
solut ions.  Therefore,  the STEM approach pr ior i t izes project-based
learning that  a l lows students to apply the knowledge and ski l ls
gained in a real-wor ld context .

A. STEM Concepts in Education

The Grebeg Maulud t radi t ion in Yogyakarta,  which has a very h igh
cul tural  value,  can be analyzed and developed in a STEM context  to
improve students '  understanding of  mathemat ics,  sc ience,
technology,  and engineer ing.  Some aspects of  th is  t radi t ion that  are
relevant  to the STEM approach inc lude:

1. Mathematics in Grebeg Maulud
Grebeg Maulud has many elements that  contain mathemat ical
concepts,  such as symmetry,  pat terns,  geometry,  and numbers.
These concepts can be analyzed in depth to show how mathemat ics
is used in the dai ly  l ives of  the people of  Yogyakarta.  For example:

Mountains formed in the form of  pyramids or  cones,  show an
understanding of  geometry and symmetry.
The pat tern of  food arrangement that  is  repet i t ive,  contains
elements  of  numbers and pat terns,  as wel l  as i ts  re lat ionship wi th
the rhythm of  t radi t ional  l i fe .
The arrangement of  e lements of  the k i rab such as odd numbers
that  are considered sacred,  as wel l  as the count ing of  numbers
that  have a cer ta in meaning.

In the context  of  STEM, the mathemat ics contained in th is  t radi t ion
can be integrated into learning to demonstrate the appl icat ion of
mathemat ical  concepts in local  cul tures.

B. Integration of STEM in the Grebeg Maulud
Tradition
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2. Science and Technology in Grebeg Maulud
Science and technology aspects are a lso present  in the Grebeg
Maulud t radi t ion,  especia l ly  in terms of  making mountains,  prepar ing
food,  and implement ing k i rab.  For example:

Technology in the manufacture of  mountains:  In the preparat ion of
mountains,  there is  h igh technical  sk i l l  in  terms of  balance,  weight
dist r ibut ion,  and stabi l i ty .  I t  contains s imple technological
e lements,  such as an understanding of  physics in the calculat ion
of  weights and the dist r ibut ion of  objects.
Science in food processing:  The process of  making food
dist r ibuted in the mountains a lso involves science concepts in
terms of  the cooking process,  food preservat ion,  and equi table
dist r ibut ion of  food to the communi ty.

With a STEM approach,  students can be inv i ted to understand how
aspects of  sc ience and technology are appl ied in these t radi t ions,  as
wel l  as how they re late to broader sc ient i f ic  pr inc ip les.

3. Engineering and Engineering in the Grebeg Maulud Tradit ion
Engineer ing and techniques in the Grebeg Maulud t radi t ion can be
found in the aspects of  p lanning and implement ing the carnival  and
making mountains.  Some engineer ing quest ions that  can be asked
include:

How to make a mountain that  is  stable and can be carr ied by
several  people wi thout  col lapsing easi ly?
What techniques are used to ensure the balance of  the mountains
so that  they do not  t ip  over dur ing the carnival  t r ip?
How is the preparat ion of  food pat terns in the mountains to
ensure that  the food is  easi ly  d ist r ibuted fa i r ly  to the communi ty?

This is  a real  example of  how engineer ing concepts and techniques
can be appl ied in everyday l i fe  through cul tura l  t radi t ions that  have
existed for  hundreds of  years.



13

Integrat ing the Grebeg Maulud t radi t ion in STEM learning can
provide a deep and meaningful  learning exper ience for  students.
Some ways to implement the STEM approach in the context  of
Grebeg Maulud inc lude:

1. Local Culture-Based Learning Projects
One way to apply STEM in learning is  to use the Grebeg Maulud
tradi t ion as a project  based on local  cul ture.  For example,  s tudents
may be asked to model  mountains using mathemat ical  and physical
pr inc ip les,  as wel l  as understand the technologies involved in the
format ion and t ransportat ion of  those mountains.

2. Scienti f ic Experiments and Testing of Science Concepts
Students can conduct  exper iments to test  the var ious scient i f ic
concepts contained in th is  t radi t ion.  For example,  they could test  the
stabi l i ty  of  mountain st ructures using physical  pr inc ip les (e.g. ,  the
concept  of  balance and weight  d ist r ibut ion)  or  exper iments re lated to
the preservat ion of  t radi t ional  foods used in celebrat ions.

3. Pattern and Geometry Analysis
In the mathemat ics learning sect ion,  students can be inv i ted to
analyze the pat terns and geometry found in the shape of  mountains
and the arrangement of  food.  They can learn about  symmetry,
repet i t ive pat terns,  and symbol ic  numbers used in the t radi t ion.

4. Technology and Engineering Learning
Students can also be inv i ted to design and bui ld tools or  models that
can be used to help the implementat ion of  the Grebeg Maulud
tradi t ion,  such as designing tools to t ransport  mountains wi th good
stabi l i ty  or  designing an ef f ic ient  food dist r ibut ion system.

C. STEM Learning Based on the Grebeg Maulud
Tradition
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The integrat ion of  STEM in the Grebeg Maulud t radi t ion has several
advantages,  inc luding:

1. Contextual  Learning 
Linking learning to local  t radi t ions wi l l  make the mater ia l  more
relevant  and engaging for  students,  as they can see f i rs thand the
appl icat ion of  the knowledge they are learning.

2. Improving STEM Literacy
Local  cul ture-based learning can help improve students '  STEM
l i teracy in a fun and appl icat ive way.

3. Appreciat ion of Local Culture
Integrat ing local  cul ture in STEM educat ion can foster  a sense of
love and pr ide for  Indonesian cul ture,  whi le int roducing the divers i ty
of  mathemat ical  and technological  knowledge that  exists in the wor ld.

4. Project-Based Learning
This approach supports project-based learning methods,  where
students can col laborate,  solve problems, and produce useful  real
work.

The STEM approach in the Grebeg Maulud t radi t ion can be a very
relevant  example to connect  educat ion wi th local  wisdom. Through the
appl icat ion of  the STEM concepts contained in th is  t radi t ion,  s tudents
can gain a deeper understanding of  the appl icat ion of  sc ience in
everyday l i fe .  In addi t ion,  i t  a lso provides an opportuni ty  to preserve
local  cul ture through a more contextual  and project-based approach to
educat ion.

D. Advantages of STEM Integration in the Grebeg
Maulud Tradition
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1) Gunungan Mass Center as a Cone

The mountains (Gunungan) in Grebeg Maulud
are shaped l ike cones,  which can be
mathemat ical ly  modeled as homogeneous
sol id cones.  The center  of  mass of  the cone is
located on the axis of  ver t ical  symmetry,  r ight
at :

h = cone height  

Phi losophical  meaning:
The locat ion of  the center  of  the mass c loser to the base indicates a
strong earth ly foundat ion,  but  st i l l  point ing upwards (spi r i tual ) .
This point  can also be interpreted as a point  of  balance between the
mater ia l  and spir i tual  d imensions,  ref lect ing the values in Javanese
phi losophy.

2) Radius and Height Ratio:  Ideal  Proport ions

I f  r  is  the radius of  the base and is  the height  of  the cone,  then the
rat io h/r  expresses the v isual  shape of  the mountain.  In Javanese
archi tecture and c lassical  ar t ,  these proport ional  values are not
made arbi t rar i ly .

Examples of  proport ional  mathemat ics:
Many t radi t ional  bui ld ings or  ornaments use the golden rat io.  
I f  the mountain has 

then i ts  shape is  considered ideal  and v isual ly  harmonious.

Symbol ic  impl icat ions:
This rat io is  not  only aesthet ic  but  a lso spir i tual ly  meaningful
harmony between heaven and earth.

A. Gunungan
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3) Vert ical  Symmetry: Spir i tual  and
Worldly Balance

Mountains have vert ical  symmetry,
meaning that  the shape of  the lef t  and
r ight  s ides is  the same against  the
centra l  perpendicular  axis.  In
mathemat ics,  th is  is  cal led axia l
symmetry:

Phi losophical  meaning:
Symmetry symbol izes the balance of
l i fe ,
Lef t  = wor ld ly
Right  = spi r i tual

I t  a lso impl ies the structure of  the
cosmic order,  what  is  on earth is  a
ref lect ion of  the heavens.

4) Volume and Surface Area of the
Mountains

I f  you want to involve fur ther math,  you
can calculate:

Cone

s=painter 's  l ine

I t  can be used to show how much
produce can be pi led up to form
mountains,  or  a symbol  of  the
abundance of  sustenance given to the
people.
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a. Fold ing Symmetry (Ref lect ion)
The lef t  and r ight  s ides of  the
costume are ident ical  to the centra l
ver t ical  ax is.
In geometry:

b.  Rotat ional  Symmetr ies
Spher ical  e lements such as shie lds
have rotat ional  symmetry.  I f  the shie ld
has 4 ident ical  pat terns:
Rotat ional  symmetry of  order 4 (every
90°)

wi th theta = 90°,  180°,  270°

1).  Symmetry in Soldier Costumes

2. Repetit ive Patterns (Tesselat ion) of  Gamelan and Kencana
Train Ornaments

a. Tesselat ion (Enf in ing)
The carv ing of  ornaments on gamelan and carr iages forms a
repet i t ive pat tern.
Regular  tessel lat ion:  using only one type of  shape such as a
square or  hexagon.
Semiregular  tessel lat ion:  a combinat ion of  two or  more regular
shapes.

b.  The Transformat ions Involved
Translat ion:  the repet i t ion of  a pat tern in a cer ta in d i rect ion

B. Mathematical Concepts Used in Other Designs 



19

3. Batik Motifs:  Translat ion,  Rotation,  Reflection

a. Translasi
The main mot i f  is  shi f ted and repeated on a two-dimensional
p lane.  I t  creates a sense of  cont inui ty .

b.  Rotat ion
Some mot i fs  such as kawung or  ceplok have rotat ions:
Rotat ion around the centra l  point  of  the mot i f .

c .  Ref lect ion
Mirror  symmetry is  of ten used in s lope or  machete mot i fs :

or

d.  Geser Symmetry (Gl ide Ref lect ion)
A combinat ion of  t ranslat ion and ref lect ion,  typical  of  machete
bat ik ,  wi th Translat ion+Ref lect ion on the paral le l  l ines of  the
translat ion d i rect ion
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1. Representat ion of  the Procession Path as a Direct ional  Graph

Bangsal  Kencana   →   Alun-Alun Utara   →  Masj id Gedhe Kauman 

can be modeled in a d i rect ional  graph:
Nodes:  important  locat ions such as Bangsal  Kencana (B),  the
middle of  the Square (A),  and the Gedhe Kauman Mosque (M).
Edges:  the paths that  connect  the nodes,  in a f ixed di rect ion f rom
B to A to M.

Graphical ly :

In graph theory,  th is  path is  l inear and opt imal  in a r i tual  context :
wi thout  branching,  thus ensur ing solemni ty and c lar i ty  of  symbol ic
meaning.

The procession f rom 

2.  Coordinate Geometry:  Procession Space Model ing

Each important  point  and part ic ipant  format ion can be modeled in
the Cartesian coordinate system.

Example:
Kencana Ward:  (0.0)
Middle Square:  (0,d1)
Masj id Gedhe: (0,d2)

Here,  the path moves stra ight  towards the posi t ive Y axis (north) .
The distance between the nodes can be calculated:

C. Locating
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3. Posit ion Vector and Directional  Orientat ion

The mot ion of  the procession can be descr ibed as a posi t ion
vector :
From Ward to Square:
vector  rBA =(0,d1 )
vector  rAM =(0,d2 −d1 )
Consistent  vector  d i rect ion north:  \vec{u}  = (0,  1)
This d i rect ional  or ientat ion a lso fo l lows the di rect ion of  the q ib la
cosmology,  a l though i t  is  not  ent i re ly  ident ical  in  geographical
or ientat ion,  but  rather in spi r i tual  symbol ic  value.

4. Principles of Localizat ion and Spatial  Eff iciency

Posi t ioning:
Mountains:  in the center ,  as the main focus.
Sold iers:  march forming a l ine of  protect ion.
Abdi  Dalem: f lanking,  forming layers of  socia l  and spir i tual
protect ion

In mathemat ics,  th is  approaches the pr inc ip le of  space ef f ic iency:
Minimiz ing the area used whi le mainta in ing distance between
format ions.
Lane opt imizat ion to ensure smooth procession.
This form of  arrangement pat tern is  c lose to the minimum
conf igurat ion of  energy in mathemat ical  physics:  each element
seeks a stable posi t ion wi th respect  to the center  (mountain)  and
direct ion of  mot ion.

5. Path Optimization,  A Mathematical  Perspective

In the context  of  opt imizat ion:
Goal :  minimize t ravel  t ime,  maximize order,  minimize dist ract ions.
The cost  funct ion can be arranged:
C=w1×Distance+w2×Direct ional  deviat ion+w3×Format ion neatness
This t radi t ional  pract ice has actual ly  appl ied a cul tura l  exper ience-
based opt imizat ion heur is t ic ,  showing the natural  form of  the
appl icat ion of  mathemat ics in cul ture.
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The act iv i ty  of  count ing in Grebeg Maulud is  not  just  a matter  of
numbers,  but  impl ies socia l  s t ructure,  spi r i tual  symbol ism, and
pat terns of  cul tura l  order.  Behind every number that  appears in the
procession,  there is  a meaning that  is  c losely re lated to the
Javanese Is lamic bel ief  system and Javanese phi losophy.

Symbol ism of  Numbers in Grebeg Maulud:

1. 7 Gunungan
There are seven types of  mountains prepared:  Gunungan Lanang,
Gunungan Wadon, Gunungan Pawuhan, Gunungan Darat ,  Gunungan
Bromo, Gunungan Gepak,  and Gunungan Pakualaman.
The number 7 in the Javanese-Is lamic t radi t ion has the meaning of
spi r i tual  per fect ion and the uni ty  of  the cosmos (7 layers of  the sky,
7 days a week).
2. 7 Days of Gamelan Sounded
Two sacred gamelans,  Kyai  Gunturmadu and Kyai  Nogowi logo,  are
sounded for  7 consecut ive days in the Sekaten ser ies,  s igni fy ing the
cont inui ty  of  harmony in the universe.
3. 12 Rabiul  Awal
The celebrat ion of  Grebeg Maulud coincides wi th the 12th of  Rabiu l
Awal  in the Hi j r i  calendar,  the date of  the b i r th of  the Prophet
Muhammad SAW.
In ethnomathemat ics,  the number 12 ref lects the structure of
mul t ip les that  are common in the calculat ion of  t ime and calendar (12
months of  the year) .
4. Number of Soldiers
The sold ier  format ions are arranged in speci f ic  numbers,  usual ly
mul t ip les of  4 or  8,  forming a pat tern of  regular i ty  that  re inforces the
visual  impression of  symmetry and order.

D. Counting
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Mathematical  Activit ies in Calculat ing
Count ing in the context  of  Grebeg Maulud inc ludes:

1. Enumeration (enumeration)
Determine the number of  mountains,  the number of  warr iors,  the
number of  gamelan groups,  and the number of  mountain contents
(such as vegetables,  f ru i ts ,  and t radi t ional  foods).
2. Grouping and Organizing
Groups sold iers into smal l  format ion uni ts  for  l ine ef f ic iency.  This is
re lated to the concept  of  grouping and number factors.
3. Number and Sequence Patterns
For example,  the d ist r ibut ion of  the ranks of  sold iers fo l lows a
certa in numerical  pat tern that  can be analyzed using the concept  of
ar i thmet ic  ser ies or  number symmetry.
4. Distr ibution System
In the dist r ibut ion of  mountain products,  the concepts of  rat io and
proport ion are used:  how to d ist r ibute l imi ted resources (produce) to
the populat ion of  the people present .

Phi losophy and Reasoning in Count ing Act iv i t ies
Count ing in Grebeg Maulud also contains the phi losophy:
Order as a form of  cosmic harmony.
Balance between the just ice of  the k ing and the people,
establ ished in the amount of  d is t r ibut ion.
Acceptance of  the resul ts  of  d is t r ibut ion as part  of  dest iny and
grat i tude.

Thus,  the concept  of  count ing here is  not  as r ig id as ordinary
mathemat ical  operat ions,  but  becomes part  of  the way society:

1.  Reading the wor ld ( through pat terns and numbers) ,
2.  Organize their  l ives ( through structure and format ion),
3.  Understand socia l  re lat ionships ( through the dist r ibut ion of
sustenance).
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Playing act iv i t ies in Grebeg Maulud reach their  peak when people
part ic ipate in the t radi t ion of  "mountain f ight ing".  At  th is  stage,  the
atmosphere changes f rom a sacred procession to a dynamic
interact ion between people,  wi th var ious expressions of  joy,  hope,
and strategy.  Al though i t  appears to be a spontaneous act ,  i t  is
actual ly  loaded wi th socia l  s t ructures,  spi r i tual  values,  and hidden
mathemat ical  pr inc ip les.

Mountain Struggle (Tradit ion,  Hope, and Strategy)
After  the mountains were prayed at  the Gedhe Kauman Mosque, the
part  of  the produce began to be "removed" to be contested.  Every
indiv idual ,  regardless of  age,  socia l  s tatus,  or  background,  is  ent i t led
to a share of  the mountains.

From a cultural  perspective:
1) The scramble for  mountains symbol izes the search for  b lessings
and the hope of  sustenance.
2)  The communi ty bel ieves that  get t ing a part  of  the mountains wi l l
br ing prosper i ty ,  safety,  and good luck throughout the year.
3)  This t radi t ion shows egal i tar ianism: everyone has an equal  r ight  to
the blessings given by the k ing.

From a mathematical  perspective:
1) Each indiv idual  actual ly  performs an analys is of  opportuni t ies
intu i t ive ly.
2)  They choose strategic posi t ions,  calculate the t ime to approach,
and opt imize the chances of  obtain ing resul ts .

E. Playing 
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Mathematical  Elements in Play Activit ies
1. Probabi l i ty  (Chance)
Suppose i f  there are 300 parts of  the mountain content  and 1000
people are up for  grabs,  then the basic chances of  a person get t ing
one share are approximately:
P = 300/1000 = 0.3 or  30%
2. Opt imal  Strategy (Opt imizat ion)
Indiv iduals may take into account :
How close should I  s tand f rom the mountain?
Which s ide of  the chance is  greater  (e.g.  the s ide wi thout  a lot  of
crowds)?
When is  the r ight  t ime to star t  moving?
This concept  is  re lated to mathemat ical  opt imizat ion under l imi ted
condi t ions.
3.  Dist r ibut ion and Distr ibut ion
When the contents of  the mountains are scat tered,  the d ist r ibut ion of
goods can be descr ibed as a stat is t ical  phenomenon.
There are areas wi th "h igh densi ty"  of  crops and areas wi th " low
densi ty" ,  s imi lar  to the spat ia l  opportuni ty  d ist r ibut ion model .
4.  Dynamic Simulat ion
On a STEM educat ion scale,  mountain f ights can be modeled by
simulat ions:
Each agent  (person) has an opportuni ty  based on speed,  star t ing
posi t ion,  and mass densi ty .
This s imulat ion teaches the concepts of  queues,  dynamic
movements,  and stock d ist r ibut ion

Playing Philosophy
More than just  a physical  game, mountain scrambles a lso contain
moral  values:
1)  Teach Resi l ience:  Those who are earnest  and put  in the ef for t ,
usual ly  succeed.  This is  in l ine wi th the concept  of  business and
resul ts  in Is lam.
2) Teaching Togetherness:  Even though they compete,  the
atmosphere is  st i l l  co lored by laughter ,  jokes,  and a sense of
brotherhood,  the concept  of  heal thy compet i t ion.
3)  Teaching Tawakal :  Not  everyone succeeds,  but  a l l  accept  the
resul ts  wi th open arms, real iz ing that  sustenance has been arranged
by the Almighty.
4)  In the logic of  Javanese cul ture,  the success of  obtain ing a part  of
the mountains is  not  only a matter  of  speed or  st rength,  but  a lso a
matter  of  predetermined blessings.  This teaches a balance between
human ef for t  ( ikht iar)  and acceptance of  dest iny (qadar) .



06Conclusions
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Based on the ethnomathemat ical  s tudy in the t radi t ion of  Grebeg Maulud
Yogyakarta,  i t  can be concluded that  the act iv i ty  is  loaded wi th
mathemat ical  concepts that  contain cul tura l ,  aesthet ic ,  and spir i tual
meanings.  A cone-shaped mountain,  for  example,  has a center  of  mass
located at  1/4 of  a height ,  which i l lustrates the balance between the
temporal  and the spir i tual .  In addi t ion,  the rat io of  height  and radius of
mountains ref lect  the v isual  harmony and spir i tual  symbol ism in
Javanese cul ture,  which symbol izes the re lat ionship between heaven
and earth.  The vert ical  symmetry of  the mountains and the costumes of
the warr iors a lso ref lect  the balance of  l i fe  between the temporal  and the
spir i tual .  The tessel lat ion pat terns found in gamelan ornaments and
kencana t ra ins show the use of  mathemat ical  pr inc ip les to create v isual
harmony,  whi le the geometr ic  t ransformat ion pr inc ip le in bat ik  mot i fs
ref lects the phi losophical  value of  constancy and harmony of  l i fe .  On the
other hand,  the movement of  the procession in Grebeg Maulud can be
modeled through posi t ion and or ientat ion vectors,  wi th an emphasis on
path opt imizat ion that  indicates ef f ic iency and balance in the
organizat ion of  events.  In addi t ion,  the t radi t ion of  "mountain
scrambl ing" can be analyzed using the concept  of  probabi l i ty  and
opt imizat ion strategies that  show how mathemat ics p lays a ro le in
understanding the socia l  dynamics that  occur in the t radi t ion.

Based on these f indings,  several  recommendat ions can be made for
fur ther development.  F i rst ,  i t  is  important  to integrate mathemat ics in
cul tura l  educat ion,  such as in a curr iculum that  combines mathemat ical
concepts wi th local  t radi t ions.  This wi l l  help students understand the
depth of  cul ture whi le a lso appreciat ing the ro le of  mathemat ics in
everyday l i fe .  Second,  the Grebeg Maulud t radi t ion can be enr iched wi th
a STEM approach,  so that  the younger generat ion can more easi ly
connect  cul tura l  and scient i f ic  values.  Technology can also be ut i l ized in
cul tura l  processions to improve ef f ic iency,  such as by mapping the
procession's route using GPS or route opt imizat ion sof tware.  In addi t ion,
fur ther research on the re lat ionship between mathemat ics and cul ture in
Indonesia can enr ich the understanding of  the appl icat ion of
mathemat ical  pr inc ip les in local  t radi t ions.  The development of  e-books
or d ig i ta l  p lat forms that  d iscuss ethnomathemat ics in Grebeg Maulud wi l l
make i t  easier  for  the publ ic  to learn more about  the re lat ionship
between mathemat ics and cul ture.  F inal ly ,  socia l  awareness about  the
importance of  preserv ing t radi t ions wi th an approach re levant  to the
development of  the t imes needs to be increased.  Through counsel ing on
the phi losophical  and mathemat ical  meanings in t radi t ions,  people can
bet ter  appreciate and preserve the cul ture.
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Ethnomathemat ics:  The study of  how mathemat ical  concepts are appl ied
in a part icular  cul tura l  context ,  of ten unwit t ingly by the perpetrators.

Grebeg Mulud:  The t radi t ion of  the t radi t ional  ceremony of  the
Yogyakarta Palace to commemorate the bi r th of  the Prophet  Muhammad
SAW, is  marked by a procession of  mountains.

Mountains:  A cone-shaped pi le of  produce that  symbol izes wel l -being
and blessings,  usual ly  consist ing of  food and agr icul tura l  products.

Cone: A three-dimensional  geometr ic  shape used in the calculat ion of
mountain volume (V = 1/3 × π × r ²  × t ) .

Symmetry:  The nature of  a pat tern or  shape that  remains constant  when
transformed such as mirror ing or  rotat ion.

Tesselat ion:  A pat tern consist ing of  repeated shapes wi thout  gaps or
over laps,  of ten found in bat ik  mot i fs  or  t radi t ional  ornaments.

Volume: A measure of  the capaci ty  of  a three-dimensional  object ;  In the
context  of  mountains,  i t  is  used to est imate the "content"  of  mountains.

Probabi l i ty :  The chance of  an event  occurr ing;  in Grebeg,  i t  is  used to
est imate the l ike l ihood of  a person get t ing a p iece of  the mountain.

Repet i t ive Pat terns:  Visual  e lements or  forms that  are repeated regular ly ,
creat ing a rhythmic st ructure l ike in warr ior  costumes and gamelan.

Visual  Representat ion:  Images or  i l lustrat ions to convey mathemat ical
ideas,  such as symmetr ical  l ines on cul tura l  ornaments.

Socia l  Mathemat ics:  A branch of  mathemat ics that  studies fa i r
d ist r ibut ion,  socia l  s tat is t ics,  and communi ty-based calculat ions.

Bat ik :  A t radi t ional  Indonesian fabr ic  wi th mot i fs  that  of ten contain
tessel lat ion and mathemat ical  symmetry.

Javanese phi losophy:  The system of  thought  and values of  the Javanese
people that  of ten mani fests in cul tura l  symbol ism such as in the form of
mountains.

Glossary
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Distr ibut ion:  The div is ion of  resources or  objects,  in  th is  context  refers to
the dist r ibut ion of  the contents of  mountains to the communi ty.

Ri tual :  A ser ies of  customary or  re l ig ious act ions carr ied out  in regular
order,  of ten wi th a logical  s t ructure or  mathemat ical  sequence.
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