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Symmetrical freedom quilts: the ethnomathematics ofvays of
communication, liberation, and art

Os quilts simétricos da liberdade: os modos ethomatnaticos de
comunicacao, libertacdo e arte

Milton Rosd
Daniel C. Ore¥
Abstract

Symmetrical Freedom Quilt®ay be considered as links between mathematisgrij ethnomathematics,
and the art of quilting. A quilt theme is a pedgigal way to integrate mathematics, art, and hystoran
interdisciplinary approach. This article combinessthnomathematical-historical perspective by alatirag a
history project related to thdnderground Railroad This work will allow teachers to develop classro
projects that help students to better understandmgty, especially concepts of symmetry and
transformations. One of the objectives of thiggrbis to stimulate student’s creativity and ietr because
quilts may be considered as cultural and matheadaipressions of student’s daily life.

Keywords: Freedom Quilts - Underground Railroad - MathematicEthnomathematics - Geometry —
Symmetry

Resumo

Os Quilts Simétricos da Liberdadgodem ser considerados como um elo entre a matamnatihistéria, a
etnomatematica e a arte geilting. O temaquilt € um modo pedagoégico que integra a matematicde & a
histéria numa abordagem interdisciplinar. Estegartombina uma perspectiva histérica-etnomatematica
elaborar um projeto de histéria relacionado corrmlerground RailroadEste trabalho permite que os
professores desenvolvam projetos em sala de awdaaguiliam os alunos ao melhor entendimento da
geometria, especialmente, os conceitos de simetrieansformacdes. Um dos objetivos deste projeto é
estimular a criatividade e o interesse dos alupos os quilts podem ser considerados como exmEessd
culturais e mateméticas do cotidiano dos alunos.
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Introduction

Increased attention to multiculturalism in schoddttings can be done by
incorporating diverse experiences into a varietyaofivities in all subject areas of the
school curriculum. One of the subject areas tkathers are not very comfortable in
teaching and applying multiculturalism in is oft@athematics.

Explorations of symmetry can provide a unique ofputy to teach students to
look at the world around them and find commonaitierough the lenses of symmetry.
Symmetry is culturally rooted because it is foundidiversity of cultural expressions such
as painting, basket weaving, clothing, pottery,igreh, art, carpet and rugs, and
architecture.

It is important to share numerous examples of sytryreecurring in multicultural
settings with students, teaching them a mathematoacept while simultaneously
teaching them to develop an appreciation for theymeultures present in the world.
Studying the patterns found in a diversity of olgeglso allows students to increase their
understanding of the many aspects of symmetry agcthe identification of patterns that
slide, rotate, tessellate, or create reflectidfst example, they can explore:

a) the mirror patterns found on the palace walls Bessian king many centuries ago,

b) the tessellating patterns that occur in the decwaf many Islamic mosques,

c) the symmetry of oriental rugs, which provide arrigate reflected centers and
borders that translate mathematical patterns,

d) the famous ancient architectural structures suchhasEgyptian Pyramids, the

Greek Parthenon, and Cambodia's Angkor Wat complex.

e) the symmetrical patterns found in many temples pycamids of ancient Pre-

Columbian civilizations such as Tikal, Chichén JtZ&otihuacan, or Palenque.

f) the symmetry found in many religious symbols, whichke a significant statement
about the the religious groups who use them.

g) the symmetrical patterns found in pottery in ancmiritures and in indigenous and
native cultures in the Americas, Africa, Asia, dddeania.

Symmetry plays an important and profound role mast every human endeavor

for which an impressive visual result is part o€ tdesired goal. Encouraging
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students to explore different cultures and mathm@mlatonventions would bring

diversity into the classrooms.

Purpose

The purpose of this study is to explore the symicetipatterns found in quilts as
well as the connections between mathematics, etatiematics, and the tactile craft and
art of quilting. In order to stimulate student afreity and interest, quilts may be

considered as cultural and mathematical expressibastudent’s daily life.

Quilts

Throughout time, quilts have been created as ahefor sharing family history, a
moral message, or as a reflection of historical @anltural events. The focus of this paper
is on one important form of communication as usedtlte Underground Railroadby
African-Americans escaping slavery before the Uhi®tates Civil War. The term
“Underground Railroad” has come to us from a stafra farmer chasing a runaway who
testified that the slave vanished on some kind Whderground Railrodd (Burns &
Bouchard, 2003). Underground Railroad “was usedkesrribe the network of abolitionists
and safe houses that helped slaves escape to hiGamada. Safe houses along the way

were known as “stations”, those who guided the gses were called “conductors” and the

runaways themselves were called “passengers” (BuBsuchard, 2003, pp. 32).
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Figure 1: The Underground Railroad Quilt

The Underground Railroadwas organized by former slaves, freed blacks, and

sympathetic whites for the slaves to find shelteod, drinking water, safe hiding places,

54



Revista Latinoamericana de Etnomatematica V.2, N. 2, Asio 2009

and safe paths to follow as they moved to the $tages of the north and Canada. The
quilts are referred to &eedom Quiltsand they were often hung over a clothes line,porc
or balcony to symbolize what to do or where to gaubing different designs that indicate
safety, danger, clues, and landmarks to guideldwes to freedom. The quilts were sewn
to serve as a coded map for runaway slaves to nieenoiSlaves followed symbols on
Freedom Quiltghat were hung out during the day to give guidadactions or dangers
that lay ahead. This method of communication wexy effective, because bounty hunters

apparently never caught onto the quilts and thessages.

Quilt definition

According toThe Random House Dictionary of the English Langud®¥3), a
quilt is defined as "a coverlet for a bed, madetvad layers of fabric with some soft
substance, as wool or down, between them and etitah patterns or tufted through all
thicknesses in order to prevent the filling froniftalg”(pp.1180). The word quilt probably
originates from the Latirculcita or culcitra, which means a stuffed sack or cushion.
However, quilt word only came into the English laage from the old French woatilte
that was developed around the"1@entury, which means mattress (The Random House

Dictionary of the English Language, 1973).

A short quilt history

The earliest known quilted garment is on the caivedy figure of a Pharaoh of the
Egyptian First Dynasty about 3400 B.C. that featutiee king wearing a mantle that
appears to be quilted (Colby, 1971). Crusaderadirbquilting to Europe from the Middle
East in the late flcentury and in accordance to Colby (1971), in ®neali Europe, around
13" century, quilted cloth was part of a soldier's armQuilted garments were also very
popular in the Middle Ages and at that time knighMsre quilted garments under their
armor for comfort and to protect the metal armonfrthe rain, snow, and the sun.

The known earliest bed quilts were made in tH& dghtury in Holland and England
and were subsequently brought to America by Eumopesnigrants. In the Bcentury,
quilted clothing was fashionable in Europe. Theddrquilting flourished during the 19

century and by the beginning of thechOentury, American textile manufacturing had
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grown to the point that a wide variety of qualitgbfics were readily available to the
quiltmaker.

Currently, quilting has evolved to become a formselff-expression that provides
occasion for socializing because quiltmakers offentogether to work on a quilt projects.
Seen in this context, quilting is and most probabbs always been a social event.
Currently, there is a renewed interest in quiltsl guilt-making with a combination of
traditional methods design and innovative waysLolts)

Quilts and ethnomathematics

Studies involving quilts provide concrete links &iudents between contemporary
life and history because they serve as artifactsi@@s tools that help to retell family
stories and past events. Quilts are often passed ¢com one generation to another. The
original material often comes from scraps of clothand articles from the home. There is
a sense of personal heritage and history evidetiteirquilt that comes through when they
are shared by the owner.

Quilt geometry definitely reflects the history amdthematics of the people, many
of whom who are not traditionally thought of as thgr of study. From an
ethnomathematical perspective, this study has allowhese researchers to better
understand quilting as an art form done primarijyrbany women, in many countries.
Women in both the United States and Brasil, fomgxa, have also used quilts in order to
have a voice; to express political, social, an@ji@lis beliefs. Though it is primarily an art
form now, the Afro-American connection to quiltiiig both countries was entwined with
the struggle for freedom. In so doing, since nipslters (women) lacked the opportunity
to adequately express themselves through writingy tnitially used skills they had to
express themselves through elaborate quilts, alatedework. It was in this way that
quilting became an outlet for the expression of wois thoughts, dreams, feelings, life
experiences, and as became a commentary on gualitital and community events.

Even today, people have created quilts to explesis dbpinions on various causes
as well as to remember people or events. The AM@#orial Quilt initiated in 1987 by

Randy Shilts and a group of people who decidedadkema quilt to remember their friends
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and loved ones who had died of AIDS. The AIDStgaihow so large that it can no longer
be shown together in one piece, so parts of thie @& displayed in schools, libraries, and
public places around the world in honor of WorldD& Day. This is a very important

aspect of an ethnomathematics program because dheation of the mathematical

practices of this cultural group that is often dpbasized or left out of history of people
(D’Ambrosio, 1990).

The focus on the origin of the fabric, that is, whé& comes from, is also another
important ethnomathematical perspective. For exanturing the colonial period, in the
United States, fabric stores were not well esthblisand most definitely not accessible to
people from all socio-economic levels. Fabricseveery expensive because fibers from
plants and animals used in quilting had to be gathecleaned, spun, and woven by hand.
A look at these processes allows for a deeper stateting and comprehension about the
roles people had in colonial times, also it alldarsan appreciation for the ease with which
people obtain manufactured fabric products tod®esides their use as warm blankets,
quilts reminded immigrants as well, of their famifiends for those who remained behind.

Another ethnomathematical perspective to be corsidis that the secret codes in
quilts are part of a longstanding tradition thaegdack to Africa and the encoding of
textiles there. The African precedent is thathese textiles, all of the designs have a
meaning. According to Eglash (2002), geometricélicAn textile designs may have
traveled to the Americas with the slaves.

During the time of slavery in the United States &ndsil, most everything that was
“African” was forbidden. In so doing, “enslavedrisfins were prohibited from drumming,
speaking in their native languages, or learningesm and write in English” (Wilson, 2002,
pp. 5). They were also prohibited from placing &African” design on a quilt. What was
shrewdly, indeed very creatively done by those wlamted to communicate was to take
American quilt patterns and give these patternsninga

Quilts, on the other hand could be used to tramsaie problems of one’s
immediate environment because they warm the bodytla@ spirit by using colors “that
had special meanings, represented the heavens,atihestors, the spirits, the land, the
people and/or secret societies from different gib@Vilson, 2002, pp. 6). This was one

way of bringing a new form of life into slave cabior into the lives of those who were
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enslaved. Quilt patterns, and especially thosedteacalled improvisational, are composed
of fragments, remnants of cloth; so fractured clodimes together and creates something
new. This is really a metaphor, which addressest \Wwappened during the time of slavery
because in spite of the difficulty, in spite of iéies being torn apart, there was always a

coming together with the hope of liberation, andaanipation.

The ethnomathematics of the symmetrical freedom qlis

Quilts were used both as a means of signaling aodding travel instructions on
the Underground Railroad. Quilts were made by asmesl women who used different
symbols or pictures to communicate with runawayeda They were often displayed in

window-sills to convey messages.

x

Figure 1: Freedom Quilt Displayed on Window-sill

One may picture a slave hanging a quilt on the demic a farm of 18 century
Southern plantation. The quilt was hung with otiiems to be aired out so most people
believed that quilts were just a kind of bed-congrihat needed to be aired. However, to
those people who knew how to identify the secrelesan the quilt pattern, this meant the
difference between life and death. Since slavag wet taught to read or write in English,
they developed an intricate system of secret cagss, and signals to communicate with
one another along the routes of tbederground Railroad In so doing, in order to
memorize the whole code, a sampler quilt was usdthe sampler quilt included all

necessary patterns that were arranged in the ofdee code. Freed slaves traveled from
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one plantation to another to teach to other slévedranslation of the codes of the sampler
quilt patterns (Wilson, 2002).

Symmetrical Freedom Quiltsontained ties with knots that were often used to
indicate the date the slaves were ran away froin Waeking plantation. For example, five
knots in the cord meant that they should escapthers" day of the % month (Wilson,
2002). The ethnomathematical perspective of tbistext is to study the mathematical
practices of this specific cultural group in theurse of dealing with their environmental
problems (D’Ambrosio, 1990).

For example, if a quilt showed a house with smab®ning out of the chimney, it
meant that the house was safe. According to Oré&o&a (2006), the quilt codes may be
considered as mathematical techniques)(used by the slavesthng who were trying to
manage problems and activities that arose in tbein social-political environments
(mathema

In this regard, quilts present us with an ingenjiomasleed highly creative and
complex way in which to communicate between slaaes safe houses because they did
not show any overt connection to slavery. Hneedom Quiltcodes of théJnderground
Railroad were transmitted to the members of the slave’sili@sn by their ancestors,
through generations.

It is necessary to emphasize the importance ofwhek done by Ozella McDaniel
Williams, an African-American woman who made antdquilts in South Carolina. She
told about the quilt codes to tourists who visi@utarleston. She had identified at least ten
patterns used in the quilt code which signaled ecifp action for slaves to take at a
particular time. She also mentioned a number obrse@ary patterns (Burns & Bouchard,
(2003). Usually, the code had two meanings:

1. Signal to slaves to prepare to escape, and to

2. Give clues to indicate safe directions on the jeyrn

In other wordsSymmetrial Freedom Quiltsare presented as a link between
mathematics, ethnomathematics, and the very tamid## and art of quilting, in order to
stimulate student’s creativity and interest, beeayslts may be considered as cultural and
mathematical expressions of student’s daily life.
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Ozella's Underground Railroad quilt

In the early 1990°s, Ozella revealed most of $iyenmetricaFreedom Quiltcodes
to the authors Tobin and Dobard who wrote part pél@’s story in the bookKidden in
Plain View in 1999. Unfortunately, Ozella died in 1998, dvefthe publication of the book
(Wilson, 2002). The message in the Ozella’s Unaengd Railroad Quilt (Tobin &
Dobard, 1999) below may be interpreted as:

p—

Figure 2 - Ozella's Underground Railroad Quilt

The monkey wrench...

Slaves knew it was time to gather and pack awayteviea tools they needed

for the long journey to freedom. They also hadé¢oprepared and hone the

mental and spiritual tools, because they needée tteceptive.

...turns the wagon wheel...

Slaves knew that they should pack enough provisiorfg in a wagon and to
be used in their long journeys. It was time to ;m@n because the situatipn

was getting dangerous.

...towards Canada on a bears paw...
Slaves knew that they had to follow the bear trabksugh the woods, in order

to remain safe, which would also lead them to wabel food.

...trail to the crossroads.
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Slaves knew that they had to meet at the crossmfa@keveland, Ohio becaute

it was a destination that offered several routdseedom. They also knew th

they had to wait there to receive further instracs.

Once you get to the crossroads, dig a log cabirtlma ground.
Slaves knew that this symbol drawn on the groumicated that a person w

safe for them to get instructions. It also advitieat slaves were seeking f

shelter. According to Brackman (2006), this symdiisb indicated that slave

should “establish a permanent residency in a “feged” (pp.84).

Shoofly told them to dress up in cotton...
Slaves knew that Shoofly was someone to be trusteglas someone amor]

friends or a friendly guide who is nearby and cdudtp them.

19

...and satin bow tie.
Slaves knew that they had to dress up in diffecdothing to resemble fre

blacks.

Flying geese stay...
Slaves knew that gluing geese were cardinal doeaticode because they h
to follow the geese northward in the spring or drections in which patter

indicated.

ad

-

...on the drunkard's path...
Slaves knew that they had to walk in an unusualneanThey should follow

zigzag trail in order to make their tracks diffictdr slave hunters to follow.

7

...and follow the stars.
Slaves knew that this symbol directed them to Idok the constellatior

drinking gourd (Big Dipper) which pointed to the o Star, which lead ther

to the north and Canada. According to BrackmarD§20the slaves should

follow the drinking gourd, because the road todma was on the other side

|

=

of

the Great Lakes.
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The Tumbling Blockswas the tenth quilt pattern. It was the code fagdra
Falls, the final landmark before crossing into Ginand freedom. This code

was also associated with “packing up and moving on”

The freedom quilt project

A quilt theme is a great way to begin one’s workibggrating mathematics, art,

history, and reading in an interdisciplinary apmtoa As a result of this, the authors have

prepared lesson plans that combine an ethnomatloataitorical perspective that

elaborates a history project related to thederground Railroad whiclallows teachers to

develop classroom activities and projects that bldents to better understand history and

geometry, especially concepts of symmetry and toamsations.

Learning Objectives

In this project the students will:

1.

2
3.
4

Learn about the history of thénderground Railroad

Identify and be able to construct baBieedom Quiltpatterns.

Learn the art of communication as expressed thréugedom Quilipatterns.
Learn the concepts of transformations: reflectiflipg), translation (slides),
rotation (turns), and symmetry.

Explore how shapes reflect, translate, and rotatesing pattern blocks.

6. Write a description of the mathematics, art, ansigfeelements used to create

theFreedom Quilpatterns.
Design a clasbreedom Quilt
Perceive the interdisciplinary connections betwemthematics, geometry, and

history.

Mathematical Quilts

A mathematical quilt may be considered as a magrizgween the most abstract of

the sciences and the very tactile art of quiltirl quilts are mathematical in nature, but

some quilts present more mathematical conceptsatineats.
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Symmetrical Quilts
Making quilt blocks are an excellent way to expleygnmetry. As quilts are made
from square blocks, usually 9, 16, or 25 piecea hdock, with each smaller piece usually

consisting of fabric triangles, the craft lendglitseadily to the application of symmetry.

The figure below is an example of a quilt made Wdithlocks and it shows how its

4

blocks are symmetrical.

4

Figure 3: Quilt made with 9 blocks

There are four kinds of quilt symmetry (The Annengf€PB Projects, 2008). They

are described below.

1) The Letter H Symmetry

In a figure with H symmetry, the right side is armor of the left side and the top
part is also a mirror of the bottom part. The beid the right sides of the vertical line of
symmetry are congruent as well as the top andakter parts of the horizontal line of the

figure.

2) The Letter M Symmetry
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In a figure with M symmetry, the right side of thigure is a mirror image of the left
side, but the top part of the figure is not a nrifmage of the bottom one. The right and
the left sides of the vertical line of symmetry aosgruent but the top part is not congruent
to the bottom part of the figure. Isosceles andlatgral triangles share this kind of

symmetry.

3) The Letter S Symmetry
If figures have the letter S symmetry, then theyndbhave lines of mirror
symmetry. However, they are the same appearariceifare rotated 180°.

Parallelograms have this kind of symmetry.

A |
9
A ;4

4) The Letter B Symmetry
If figures have the letter B symmetry, then the i®p mirror image of the bottom,

but the right is not a mirror image of the lefh do doing, the top and the bottom side of

the horizontal side of symmetry are congruent.
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It is important to notice that the letters M andkiBds of quilt symmetries are
mathematically symmetrical because they have ordingle line of mirror symmetry. In
mathematics, it makes no difference whether the f symmetry is vertical (M) or
horizontal (B). In the quilting making process,stnecessary to highlight that the quilt

blocks do no look like the letters even though thaye the same kind of symmetry.

Geometrical Quilts

The possibilities for the compositiaaf a quilt design are limitless because they
may rely upon personal choices. But the poss#slifor the repetition of the symmetrical
designs are limited by the laws of pattern fornradod are subject to the constraints of that
symmetry rules. In this context, for any kind atern that is used in a quilt design, there
are four basic symmetry operations that may beopméd upon a fundamental region or
plane. Mathematicians call these rigid motionsalse they suggest movements without
distortion of size or shape around a point, alongoooss a line, or to cover a plane.

In this context, imagine that a quilt as a plahegeometry, when a shape is moved
in a plane it is called &ransformation Some special types of transformations are called
isometriesor rigid motionsbecause they are transformations that preservandess. The

following are the descriptions of the four commsometries

1. Translation: It "slides" an object a fixed distance in a givdrection. The original
object and its translation have the same shapesiaed and they face in the same
direction. The word "translate” in Latin meansrtea across”. Translations are

also called slides.
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2. Reflection: It can be seen in water, in a mirror, in glagsinoa shiny surface. An
object and its reflection have the same shape @@l but the figures face in
opposite directions. In a mirror, for example,htigand left are switched. A

reflection can be thought of as a "flipping" of @bject over the line of reflection or
line of symmetry.

)44
Jan

* Line symmetry: It occurs when two halves of a figure mirrorsteather across

a line. The line of symmetry is the line that de&dthe figure into two mirror
images. Another name for the concept of line sytrymie line of reflection.

3. Rotation: It is a transformation that turns a figure abaufixed point called the
center of rotation. An object and its rotation #re same shape and size, but the

figures may be turned in different directions. &mwins are also called turns.

r—=—=" L]
I I

I I

I I .
I I

| [ ——
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4. Glide Reflection: It combines a reflection with a translation alohg tirection of
the mirror line. In a glide reflection, the traaisbn is always a translation along the

mirror line of the reflection.

P

r———n1
| |
| |
| |
I |

re 4

Methodology

Students should have some prior knowledge abouhigtery of theUnderground
Railroad If they are not aware about this historical faeachers must give them some in-
depth background information. Since many slavaddcoot read, they used songs and
symbols to guide them to freedom. In so doing,ytHieund another method of

communicating safely by using the coding of quilts.

Activity 1
Brainstorm with the students:
» Do people still develop and use secretive symbiotsgns?

* How could shapes, patterns, and symmetries onlacganmunicate information?

Activity 2

There were ten patterns that gave messages tatlagvay slaves. Students will
work with or make these patterns. Throughout thgept they will learn stories that
describe the patterns, their meanings and mestagygesonveyed.

Activity 3
Display a Symmetrical Freedom Quilt desiginoo Fly
» Can students find evidence of translations, ratest and rotations in the design?

* What is symmetry? Is this pattern symmetrical?
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*  Where is the line of symmetry? How many lines yinmetry does this design

have?
* What geometric figures are visible in the design?

Activity 4
Modeling theShoo FlySymmetrical Quilt Block
Shoo Flyis one the simplest traditional Symmetrical Freaduilts. Although
Shoo Flyis a basic pattern, its versatility provides agustwith some wonderful
opportunities for creative use of colors, fabriog atitching. Shoo Flymay be adapted
to a variety of sizes. Blocks often measure 9 @ variations such as 10 x 10 and 12 x

12 may also be used. Below is an example of tlo® Sly 10 x 10 symmetrical quilt

block.

= rofko [ kn o oo o

&
£
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Point of Reflection
A point of reflection exists when a figure is bualound a single point called the

center of the figure. For every point in the figuthere is another point that is found
directly opposite on the other side of the figuwhile any point in the x-y coordinate
system may be used as a point of reflection, thst w@mmmonly point used is the origin.
In theShoo Flyquilt block, the point of reflection is the origof the x-y coordinate
system.

By applying the general mappiRgx, y) - P'(=x,—y) on the three points of

reflection in the triangle below it is possiblefiad their
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imagesA(93) - A(-9-3),B(39) - B(-3-9), andC (33) -~ C'(-3-3). In this case,
triangleA’B’C’ is the image of trianglaBCafter a reflection on the origin of the

Cartesian coordinate system.
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The point of reflection is also called point of gyetry. In a point of symmetry,
the center point is a midpoint to every segmemnhéat by joining a point to its image.
The three straight dashed lines that conAdctA’, B to B’, andC to C’ pass through the
origin, which is the midpoint of each line segmeaAtfigure that has point symmetry is

unchanged in appearance after&4r rotation.

Line of Reflection or Line of Symmetry

The Shoo Flyhas four lines of reflection or symmetry, whicle ines that act as a
mirror in the form of a perpendicular bisector Battcorresponding points are the same
distance from the mirror. The distance from a ptorthe line of reflection is the same

as the distance from the point's image to thedineflection.

1) Reflection over the x-axis

When a point is reflected over the x-axis, the grdnate remains the same, but
the y-coordinate is transformed in to its oppositée mapping for this reflection
isP(x,y) - P'(x,—y). Inthis case, the coordinates of the image @flinee points in

the triangleABC below areA(93) — A'(9,-3),B(39) —» B(3-9),C(33) - C'(3-3).
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In this example, the triangleBC has been reflected over the horizontal segment (x-
axis), which serves at the line of reflection omsyetry to form the imag&'B'C’. If point
A for is connected to its image A', then pdmis the point of intersection of the reflection
line (x-axis) and line segmeAtA', that is, poinf is the midpoint of line segmeAA'. In
this case, the reflection line is perpendiculah®segmenAA’. Thus, the reflection line is

the perpendicular bisector of segmaA#t.

2) Reflection over the y-axis
When a point is reflected over the y-axis, the grdnate remains the same, but
the x-coordinate is transformed in to its oppositeée mapping for this reflection

isP(x,y) —» P'(=x,y). In this case, the coordinates of the image othhee points

areA(93) — A'(-93),B(-39) — B(-3-9),C(33) - C'(-3-3).
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3) Reflection over the line y = x
When a point is reflected over the line y = x, xrend the y coordinates of the

point change place. The mapping for this reflectsP(x,y) — P'(y,x). In this case, the

coordinates of the image of the three points emigleABC below
areA(93) - A'(39),B(39), B(39) - B(93),andC(33) - C'(33).
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4) Reflection over the line y = -x
When a point is reflected over the line y = -x, e y coordinates change place

and they are negated. The mapping for this refleasP(x,y) - P'(-y,—X). In so
doing the coordinates of the image of the threatgareA(9.3) — A'(39),

B(-3-9) - B'(-9,-3), andC (33) » C'(-3-3).
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A line of reflection or symmetry creates a figunattis congruent to the original
figure and it is a transformation that is an isameecause it preserves the distance
between two points. However, since when namindithuge in a reflection requires

changing the order of the coordinates of the pdimg,an indirect isometry or opposite

isometry.

Rotation
A rotation turns the figure through an angle almfiked point called center. The

center of rotation is assumed to be the origirhefX-y coordinate system. A positive
angle of rotation turns the figure counterclockwesed a negative angle of rotation turns
the figure in a clockwise direction.

Rotation is a transformation that is present inSheo Flyquilt block because it

moves every poin®0° counterclockwise around the origin of the x-y acboate system.
The mapping of this rotation B (x, y) = (=Y, X . )In so doing, the coordinates of poMt

in its rotation around the x-y coordinate systee ar
Ry A(93) = A'(-39)
Roe A'(=39) = A"(-9-3)
Roe A'(=9,-3) = A™'(3-9)
Re A™(3-9) = (93)

The figure below shows the rotation of pofnaround the x-y coordinate system.
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The other mappings for rotation are:
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a) Rotation 0180°, that iSR 4, (X, ¥) = (—=X,—y ). This is the same as the reflection in the

origin of the x-y coordinate system.
b) Rotation of27C, that isR,,; (X, y) = (y,—X) .

A rotation creates a figure that is congruent sdhginal figure and preserves

distance (isometry) and orientation (direct isomyjetr

Translation

A translation is a transformatiofy, (X, y) = (x+a,y+b), that slides every point

of a figure the same distance in the same directi&ince theShoo Flyquilt block is not
formed by figures that slide in a fixed distanceaigiven direction, the translation is not

present in this quilt block.

Glide Reflection
A glide reflection combines a reflection with artséation along the direction of
the mirror line. In so doing, according the defon of glide reflection, if the figures in

the Shoo Flyquilt block are not translated, then they areanglided reflection.

Activity 5

Display all ten quilt patterns. Create a charttlom board and distribute the Quilt
Chart handout. The students work independentligiéatify what kind of transformation
was used in each pattern to create each design.

Students work in groups. Each student on the teampletes one pattern. Have
students label the quilt design in a short pardgraphe label should have information to
describe the name of the pattern, what was dooestie them, and includes mathematical,
geometrical, historical, and design terms. Plaeecard on the back of the finished piece.

Then connect all of the pieces for a class quilt.
Activity 6

For the final project, students will create theiwro quilt designs to guide the

runaway slaves, in order to create a clagdom Quilt. They then, write a description of
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the significance and meaning of the design of tkegthat must include any mathematical,

geometrical and design elements they used to ctieate

Final considerations

Slaves followed symbols on the quilts that were put during the day to give
guidance on the directions or dangers that laycdbéthem. Both mathematics and design
elements were used in creating these directiondtsqu In the light of these facts,
Symmetrical Freedom Quiltdo not only teach students about people and plaidé® past,
but also provide a positive link between schoochdsmnic mathematics, ethnomathematics,
modeling, and history. By sharing these quiltcheas and students are also recognizing
and appreciating the diversity of the backgroundbiw the class. In general, quilts also
provide "real world" examples of geometry concdmsause they often use translations,
reflections, rotations, symmetry. In order to stumhd make a quilt students have to
measure, plan of the layout by using spatial retatand recognize shapes, patterns, and
symmetries.  Through this investigation, studentdl wesign patterns, manipulate
polygons, and work with transformations, and tdasehs. Geometry concepts, when
standing alone, can be seen as abstract concapsuidents, but by analyzing actual
SymmetricaFreedom Quilpatterns and symmetries and by being surroundexéyples,
they are able to see their relevance to the stlithystory and geometry. They will also be
focusing on the content areas of mathematics (edpyegeometry), language arts, science,
and design by connecting history, modeling, andhatiathematics perspective into the

mathematics curriculum in order to value this vienportant aspect of this specific cultural

group.
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