Native American Mathematics Integrative Lesson for

Geometry Course

SESSION TITLE:

The Patchwork Quilt - Tesselations
INTEGRATION POINT EXAMPLE GUIDEPOST:

MATH 311 College Geometry I
College Geometry: A Discovery Approach, 2nd Ed. By David Kay

Transformations in Geometry – Chapter 5
APPROXIMATE LESSON TIME:

4 - 50 minute modules
FOCAL MATHEMATICAL CONTENT
1. Transformation as a translation

2. Transformation as a reflection

3. Transformation as a rotation

4. Transformation as a glide reflection

5. Point of Rotation
GOALS OF THE SESSION

1. Communication – students will communicate their understanding of different tessellation concepts using “math language” such as rotation, translation, reflection, square, equilateral triangle, hexagon, etc.

2. Numeracy – Students will engage in problem solving as they tessellate a shape using slide, rotation, and reflection techniques

3. Personal Social Values and Skills – students will work cooperatively in group learning activities.

4. Independent Learning – students will participate in exploring tessellation patterns, which will lead to independent exploration.

METHODS OF INTEGRATION INTO ESTABLISHED COURSE

Examples of points of integration are most naturally found in teaching transformations in a Geometry course.  The mathematical concepts discussed in this lesson include using translations, reflections, rotations and glide reflections.  This lesson will supplement those topics by presenting a brief history of the Native American quilt and use transformations to understand and produce a replica of a Native American quilt.

MULTIPLE REPRESENTATIONS

1. Stories describing the Native American quilts
2. Replicas of quilts used in Native American cultures

3. Pictures of quilts used in Native American cultures

SESSION–RELATED QUESTIONS FROM THE INSTRUCTOR

1. Describe the process you used to solve the problem. 

2. What mathematics concepts were used in solving this problem?

3. Does a triangle tessellate?
4.  Why are an equilateral triangle, a square and a hexagon the only regular polygons that will tessellate?
5. Is it possible to construct a tessellation using a square with a rotation? Explain.
6. Is it possible to construct a tessellation using an equilateral triangle with a translation?  Explain.
7. Which transformations (translation and rotation) are possible using a hexagon?  Explain. 
8. Create a story explaining your tessellations. 

EMBEDDED ASSESSSMENT OPPORTUNITIES

These include, but are not limited to, session activities in which:
1. Students are presented with information on Native American quilts and can give appropriate answers
2. Students will develop a plan to develop a quilt pattern to produce a Native American patchwork quilt
3. Students will present their plans to each other 

4. Students will complete assigned activities
SESSION–RELATED STORIES

The word tessellation comes from the Latin Tessella, which is a small Square stone or tile used in ancient Roman mosaics.  Tiles and Mosaics are common synonyms for tessellations.  A plane tessellation is a pattern made up of one or more shapes, completely covering a surface without any gaps or overlaps.  Basically, a tessellation is a way to tile a floor (that goes on forever) with shapes so that there is no overlapping and no gaps.  Remember the last puzzle you put together?  Well, that was a tessellation, only the shapes were just really weird.


A regular polygon has 3, 4, 5 or more sides and angles, all of which are equal.  A regular tessellation means a tessellation made up of congruent regular polygons. Congruent means all the polygons are the same size and shape, and regular means all the sides are the same length.   


According to the NCTM Standards geometry “provides an opportunity for students to experience the creative interplay between mathematics and art.”  This project is specifically designed to allow students to demonstrate their ability to create art using transformational geometry.  Many students are familiar with the work of M.C. Escher; you will be able to create your own tessellation using computer software.


This unit integrates math with subjects such as language arts, art education and social studies.  This mathematical topic can also be explored in other areas.  Quilts, and the importance of quilts, can be studied through cultural activities.  As a culminating activity, students will create a classroom quilt.  The quilt will be a combination of a geometric shape (the square) and a geometric transformation (translation, rotation, or reflection).  The classroom quilt can be considered symbolic for the class; each student could compose a story to explain his/her quilt patch.
Excerpt taken from “The Morning Star, Star Quilt” by Tana Mundwiler

Years ago, the bison ‘Tatanka’ was the great source of life and energy.  There is a story about Tatanka and his relationship with his brothers, the humans.  It was said: One day man was weak.  He had eaten his fill of roots and herbs and berries, but he was weak, and though he wrapped himself in grasses, he was cold.  In the end he was desperate, both for himself and for his wife and children, for the winter was coming. 

In his misery he fell, face down, onto Mother Earth, and he prayed.  He opened his heart to his Mother, and he was heard.  Out of the mist his brother, Tatanka, came toward him. Tatanka said nothing at first; he only looked, but then he had pity.  ‘My brother,’ said Tatanka, ‘Listen to me.  We are all children of one Father; we share with each other.  I see you are weak and I am strong.  You are cold and I am warm.  Your whole body is pitiful; your fingers cannot help you to dig for food. 

‘Listen, my brother, I will make you a sacred promise.  I will take care of you.  I will do what our Father expects from us who are related.  Listen to me carefully, and from now on do as I tell you.

‘For your food I will give you my flesh.  Take it.  For your clothing and covering I will give you my skin.  Take it.  For tools I will give you my bones.  Take them.  Only remember that our Father, the Maker of us all, is watching that you use all things right and with a blessing. 

‘When you need me, stand on a high hill and call, I will come.  When you have taken what you need from me and from my other brothers, stand on the same high hill and give thanks.  Do not give thanks to me or to us, because we do what is required.  Give thanks to the Father who makes all of us healthy and gives all of us a promise of happiness.  Leave a mark there on the hill to show that you have given thanks, and everyone will know that you and your family are worthy people.’

And so it was.  Before the hunt the camp leader stood on a hill and called to Tatanka.  ‘Listen brother, we are here and we need what you have to share with us.  Come!  Let us take strength into us.’  And Tatanka came.  When the hunt was finished the first flesh was lifted up in a ceremony of public thanks.  The hide was tanned and made into a covering.  The covering was given at the important times of life, at birth, at puberty, at marriage and death.  It was painted with the earth’s color into a bright star, God’s Eye.  When the creator is with you, covering you, watching you, you are forever safe.

Today, Tatanka is gone.  Women now have only cloth with which to make God’s Eye.  But they have not forgotten their power to make a blessing nor to bring God onto their children and their family.

The pride of every Dakota home is God’s Eye- the morning star quilt.  It lies folded to wait as a gift.  It covers the bed, and it wraps the dead.  It makes sacred whatever it covers.  It is a sacramental.  It is a visible image that holds an invisible reality.  ‘It will not leave you orphans.’”

MATERIALS

Poster Board Pieces 15 cm X 15 cm (2 for each student plus a few extras)

Typing paper

Scissors for each student

Protractors for each student

Rulers for each student

Tape

Colored Pencils, Markers, etc.

VOCABULARY

Vertex – The point where line segments meet to form a corner.

Polygon – A closed set of line segments that do not cross each other and not more than 2 segments meet at a vertex.

Translation – An action where one side is slid to the other side of a polygon so that it will match the other side exactly.

Reflection – An action where an object mirrored over a given line.

Rotation – An action where an object is turned around a given point. 

Glide Reflection – A combination of a reflection and a translation on an object.

Point of Rotation – A fixed point at which some figure is rotated.
ACTIVITY #1 – Which Polygons Tessellate?

In order for a polygon to tessellate, it must fill all the gaps around a point.  If you travel completely around a point, you have traveled 360o, therefore, in order for any polygon to completely fill a gap around 360o, the interior angle must be a factor of 360.

What is the measure of any interior angle in an n degree polygon?

To find this, we can look at the figure below.
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To find the measure of interior angle I, we can use exterior angle E as a guide.  If you started at E and walked around the triangle you would have to make 3 turns to end up back where you started.  If you end up back where you started, you have traveled 360o, therefore, 360/3 = 120.  Each exterior angle E measures 120o.  Also knowing that angle E and angle I together form a straight angle 180o leads us to the fact that 180 – E(120) = 60.  Each interior angle I of a triangle = 60o.
1.  Does a triangle tessellate? (Does 60 divide evenly into 360?)   
2.  Use the procedure above to find out which other regular polygons tessellate.

Square (4 sides) – 




Pentagon (5 sides) – 

Hexagon (6 sides) – 



Heptagon (7 sides) – 

Octagon (8 sides) – 



Nonagon (9 sides) – 

Decagon (10 sides) – 



Any other regular polygons? - 

WHERE DO THESE UNUSUAL TESSELLATIONS COME FROM?


DATA ANALYSIS

QUESTIONS

Tessellation patterns such as the ones on the previous page can be created from the regular polygons, which tessellate.  There are 4 methods to creating a pattern tile to tessellate.  They are translation, rotation, reflection, and glide reflection.  Following is an explanation describing how to make a pattern tile using each method.  

4 Types of Transformations

TRANSLATION - This is the easiest pattern to create and works well with a regular square.  Translation means to move an object without rotating or reflecting it.  Another name for translation is a slide.  To create a pattern tile using a translation, you cut a piece from one side of the square and slide it straight across to the other side of the square and attach to the edge






ROTATION - To rotate and object mean to spin it around a certain point.  You must know the point to rotate around and what angle measure to rotate it.  To create a pattern tile using an equilateral triangle, cut one section from the left side and rotate to bottom 60o.  You can also rotate from one side to the same side by using the midpoint, cut a piece from one side and rotate it 180o using the midpoint as point of rotation to match up with the side it was cut from.










Reflection - A reflection is a mirror image on an object.  Every reflection has a mirror line.  Using a reflection produces the same results as a transformation or a rotation so we will not cover how to produce a pattern tile using a reflection.





Glide Reflection – A glide reflection is just a product of a reflection and a

                               translation.







ACTIVITY #2 - CONSTRUCT A SQUARE AND AN EQUILATERAL TRIANGLE.

How to construct a 7 cm X 7 cm square.

1) On your paper draw a 7 cm segment.

2) Place a protractor at one end of your segment and mark a point at 90 degree angle.  Use the straight edge of the protractor to line up your new point and endpoint of the segment. Construct another 7 cm segment.

3) Pick another open endpoint and repeat step 2.

4) Finally connect the last two endpoints to complete your square.

How to construct a 7 cm equilateral triangle.

1) On your paper draw a 7 cm segment.

2) On one end of your segment use a protractor and mark off a 60 degree angle.

3) Use the straight edge of the protractor to line up your new point and endpoint. Construct another 7 cm segment.

4) Connect the other two endpoints to complete an equilateral triangle.

5) Mark the midpoint of the base of the triangle.

ACTIVITY #3 - CREATE A TESSELLATION PATTERN TILE USING A TRANSLATION AND YOUR SQUARE.

1. Using the left edge corners as starting and ending points, draw a random figure inside the square.  

2. Cut out your random figure and translate (slide) straight across the square so the edges line up and carefully tape.  Make sure the edges match exactly.

3. Using the bottom edge corners as starting and ending point, draw a random figure inside the square.

4. Cut out your random figure and translate (slide) straight up to the top of the square so the edges line up and carefully tape.  Make sure the edges match exactly.

5. You have now created a pattern tile which will tessellate.  

To make your pattern cover a surface:

1. Trace your pattern tile onto a piece of poster board, which will serve as your tracing pattern.

2. Cut out your pattern from the poster board.

3. Place your pattern piece somewhere on a sheet of typing paper and trace.

4. Translate (slide) your pattern in all directions and trace to completely fill the page.  Trace your pattern completely off the edge of the paper to fill all gaps.

5. Color your tessellation.

ACTIVITY #4 - CREATE A TESSELLATION PATTERN TILE USING A ROTATION AND YOUR EQUILATERAL TRIANGLE.

1. Using the left edge corners as starting and ending points, draw a random figure inside the triangle.

2. Cut out your random figure and rotate (using the top corner as point of rotation) so your random figure matches up with the right edge and carefully tape.  Make sure the edges match exactly.

3.  Using the bottom left corner and the midpoint of the bottom edge as starting and ending points, draw a random figure inside the triangle.

4.  Cut out your random figure and rotate (using the midpoint as point of rotation) so your random figure matches up with bottom of the triangle and carefully tape.  Make sure the edges match exactly.

5.   You have now created a pattern tile which will tessellate.  

To make your pattern cover a surface:
1. Trace your pattern tile onto a piece of poster board, which will serve as your tracing pattern.

2. Cut out your pattern from the poster board.

3. Place your pattern piece somewhere on a sheet of typing paper and trace.

4. Rotate your pattern in all directions so edges of the pattern fit together like a puzzle and trace to completely fill the page.  Trace your pattern completely off the edge of the paper to fill all gaps.

5. Color your tessellation. 

ACTIVITY #5 - CONSTRUCTING A CLASSROOM QUILT.

1. Each student should have 3 tessellation pages, one made with the square, one made with the equilateral triangle, and one made with the computer program.

2. Carefully tape all tessellation pages together to form one large classroom quilt.

3. Display on classroom wall.

QUESTIONS
1. Why are an equilateral triangle, a square and a hexagon the only regular polygons that will tessellate?

2. Is it possible to construct a tessellation using a square with a rotation? Explain.

3. Is it possible to construct a tessellation using an equilateral triangle with a translation?  Explain.

4. Which transformations (translation and rotation) are possible using a hexagon?  Explain. 

5.  Create a story explaining your tessellations. 
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