SOUTH CAROLINA STUDIES


Unit 2; Day 4
THEME = FOLKLORE & FOLK ART IN THE UPSTATE                        MATH  –  ALGEBRA

LESSON TITLE: Quilts and Tessellations

OBJECTIVES: Students will be able to explain pattern in crystals and quilts using mathematical terms.

PRIMARY STANDARDS ADDRESSED: Algebra I - I.A.2.; I.B.2.; I.B.4
PRIOR SKILLS REQUIRED: ability to recognize tessellations in real-world patterns
TEACHER BACKGROUND INFO: See http://mathworld.wolfram.com/Tessellation.html
LOGISTICS: 1 @ 50-minute class – large tables or seatwork – students work in pairs or individually
MATERIALS:  Cutout pages (Additional Background Resources section) and scissors or regular polygon shapes from 3-10 sides with several per group of students, protractors, colored pencils or crayons   
PROCEDURES:

   1. Ask students if they know what a tessellation is and if they can think of examples?  Be prepared to provide answers if the students are not familiar with these concepts.   
   2. Review the meaning of the term “regular polygon.” Ask students how they might determine how many degrees there are in each angle of a regular polygon.  Provide examples by asking students to try to draw certain shapes on the blackboard (or use overhead projector) and calculate the size of the angles.  Have students complete only parts ‘a’ and ‘b’ on the Student Work Sheet.
   3. Hand out a photocopy of the ‘Regular Polygons’ page (in Additional Background Resources section) with regular polygons of sides 3-10 and go over the names of those shapes. 

   4. Have students complete the rest of the Student Work Sheet.

   5. Once students have completed the sheets, have them share their results and go over the answers in a class discussion.  Pay special attention to applications to folk art, such as quilt-making, and modern art, as in floor tiling designs.
   6. Discuss mathematically why there are only three regular tessellations. Remind them that a circle has 360 degrees. Ask them what this has to do with constructing the regular polygons (a triangle, square and hexagon) that tessellate?  Instruct students to look back at the interior angle measurement as a hint.
   7. Make sure that students understand the symmetry that occurs in the tessellations by asking them to cite examples from their class investigation.  Use of large cut-out shapes as props may be helpful 
   8. [optional]  As enrichment, you might ask a student or groups of students to research one of these ideas:

- Have students investigate the eight semi-regular tessellations and draw or construct one of them. They should color the tessellation with an interesting pattern and, if desired, mark all lines of symmetry.

- Have students investigate the quilt designs from Native American or other groups in South Carolina. They could then create an original quilt design of their own.
- There are other “artsy” tessellations. Escher developed guidelines for making quadrilaterals and triangles tessellate and created fascinating art. Students might investigate and create their own versions.   

SAMPLE CULMINATING ASSESSMENT:   

- On a quiz or test, ask the following:

1. What regular polygons can tessellate the plane?

2. Why do these regular polygons tessellate?

3. Why can no other regular polygons tessellate?
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STUDENT  WORK  SHEET

LESSON TITLE: Quilts and Tessellations
a.  Look up the definitions of polygon and regular polygon in your textbook or other reference material What is a polygon?  _________________________________________________________________

What is a regular polygon? ___________________________________________________________
b.  Draw a regular triangle.  What is another common name we give this shape?  _______________________

Now draw a regular polygon with 4 sides. What is this shape commonly called? __________________

c.  Measure the interior angles of all of the regular polygons on the sheet your teacher has given you.   Fill in the table showing the relationship between the number of sides and the degree measure of each interior angle. Compare your answers with those of the other students or student pairs around you.
	Number of Sides
	Degree Measure

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


d.  On a separate piece of paper, construct a graph in which the number of sides is the ‘x’-value and the angle measure is the dependent, or ‘y’-value.
e.  There is an equation that represents this data.  It is    y = [180 – (360/x)].  What is the value of ‘y’ when ‘x’

is 10? ___ ; 20? ____ ; 100? ____;  200? ____;  300? ____;  on your graph.  Is the function linear? ____
f.  What number is ‘y’ approaching?  ________________   Will it ever reach that number? _______________

g.  Comment on your graph. Is it linear? _______________________________________________________
What happens to ‘y’ as the value of ‘x’ gets larger and larger? _________________________________
h.  Recall that when a floor is tiled or when a quilt is made, the same figure is often repeated over and over, filling as large a part of a plane as desired. Note that this is the definition of a tessellation. Some regular polygons tessellate and others do not. Working with your partner, try each one of the regular polygons (use scissors to cut these shapes from the handout sheet if needed), and determine which ones can be placed side by side to fill up the plane. In other words, decide which regular polygons tessellate? Compare your answers with several other students or student pairs. 

List all regular polygons that tessellate ____________________________________________________

    
___________________________________________________________________________________
i.  Use regular polygons to construct each of the regular tessellations on a separate sheet of paper.  Select any one vertex of each tessellation and mark it on your diagram.  Add the combined measures of all the angles that surround the marked vertex.  Record this information.  Examine the vertex angle measures carefully and draw some conclusions about this group of geometric shapes.
What do you notice? (Hint: What characteristic do the angle measures of the regular polygons that tessellate have in regard to 360 degrees that the others don’t have?) ____________________________

__________________________________________________________________________________

Why do you think this is important? _____________________________________________________
__________________________________________________________________________________

j.  Pick one of your tessellations [from part i.] and use colored pencils or crayons to color it with some interesting patterns. Also mark all lines of symmetry on your tessellation.
k.  A more complicated arrangement of shapes produces a pattern known as a semi-regular tessellation.  Such a pattern has two rules: 1) It is formed by regular polygons, but has at least two different types, and 2) The arrangement of polygons at every vertex point is identical. It is identified by the number of sides of the polygons at any one vertex. For example, if a tessellation were labeled 4-6-4-3 (this does not tessellate), it would suggest that at any vertex, there is a square which shares a side with a hexagon which shares a side with a second square which shares a side with an equilateral triangle which shares a side with the original square. Using the cutouts you have for all of the regular polygons, see if you can make a semi-regular tessellation. Once you figure out a way to do it, sketch the pattern on a separate piece of paper so you can compare it to others.  What type of tessellation did you make (what is its label)? (Hint: There are 8 semi-regular tessellations.)  _______________________________________
l.  Many Native American and pioneer groups had very intriguing designs for their quilts. How do the ideas you investigated here relate to quilt designs?
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TEACHER  ANSWER  KEY

LESSON TITLE: Quilts and Tessellations

Part 1:  Ask students if they know what a tessellation is and if they can think of examples?  

   A tessellation is any geometric shape that can be placed side by side with itself, over and over again, in a symmetrical fashion, filling as large a part of a plane as desired.  Common examples are found in floor tiling patterns, quilts, and architectural designs.  Bring in samples or show pictures of various examples if you can. 
Part 2:  Review “regular polygon.” Ask students how many degrees . . . in each angle . . . .  Provide examples.
   Refer to Student Work Sheet answers below.  Students can draw shapes freehand to save time.  Even though the resulting shapes will not be precisely regular, it should be close enough for the students to get the point about the angles.
Have students complete parts ‘a’ and ‘b’ on the Work Sheet.  Refer to Student Work Sheet answers below.
a. What is a polygon?  A polygon is a simple closed figure with 3 or more sides.  What is a regular polygon?

   A regular polygon has all sides congruent (the same size) and all angles also congruent. 
b. Draw a regular triangle . . . .  Now draw a regular polygon with 4 sides. What is this called?   

   A regular triangle is called an equilateral triangle.  A four- sided regular polygon is a square.  The rest of the shapes are just called a regular pentagon, a regular hexagon, etc.

Part 3:  Hand out a photocopy of the ‘Regular Polygons’ page . . . . The names are on the sheets that are included with this packet.  You may want to have these re-printed on heavier paper so students can trace them easily.  Have the students cut out the shapes (or have the shapes pre-cut for the students to help save class time).  
Part 4:  Have students complete the rest of the Student Work Sheet.  Refer to Student Work Sheet answers below.
c. Measure interior angles . . . .  Make table . . . .  Answers should be close to the following values.  
	Number of Sides
	Degree Measure

	3
	60

	4
	90

	5
	108

	6
	120

	7
	128.6

	8
	135

	9
	140

	10
	144


d. Graph the number of sides as the x-value and let the angle measure be the dependent, or y-value. 

   You may have students graph this by hand or on a graphing calculator or computer.
[image: image1.bmp]
e. There is an equation that represents this data. . . .  What is the value of ‘y’ when ‘x’  is 10, 20, . . . .
   The pairings are as follows: (10, 144), (20, 162), (100, 176.4), (200, 178.2), (300, 178.8)    Is the function linear? _no_

f. What number is ‘y’ approaching?  ______180______   Will it ever reach that number? __no_?  

   The number of degrees gets closer and closer to 180 but will never reach it.  Note that as ‘x’ gets larger and larger, the value of 360/x gets smaller and smaller, so we subtract smaller and smaller numbers from 180.

g. Comment on your graph. Is it linear? What happens to ‘y’ as the value of ‘x’ gets larger and larger?  

   The graph is not linear. The value of ‘y’ is always increasing, but by smaller and smaller amounts as there are more and more sides.  Help students make the connection between the graph leveling out and the idea discussed in part f above.  (This is an underpinning for an important idea of horizontal asymptotes that they will encounter later on.)
h. . . . . which regular polygons tessellate? Check with the other groups to see if your answers agree. 

   The only regular polygons that tessellate are triangles, quadrilaterals, and hexagons.
i. Draw or construct each of the regular tessellations. . . . Find any one vertex. . . . Add the measures of the angles that surround the vertex. What do you notice? . . . .  Why do you think this is important?

   The angles of the three regular polygons that tessellate are factors of 360 degrees. This means that when placed side by side the figures can fill the space without overlapping. The angles of the other polygons are not factors of 360.
j. Pick one of your tessellations and color it . . . . Also mark all lines of symmetry on your tessellation. 

   Answers will look different, but note the lines of symmetry. For the regular triangles, there are three families of lines of symmetry; they go through a vertex and the midpoint of the opposite side. For squares, there are four families of lines of symmetry; these go through midpoints of opposite sides or the vertices of opposite angles. For hexagons, there are six families of lines of symmetry; these go through the midpoints of the three pairs of opposite sides or the vertices of the three pairs of opposite angles.
k. . . . . see if you can make a semi-regular tessellation. What type of tessellation did you make?

   See the first page of the Additional Background Resources section for information on semi-regular tessellations.
l. . . . .  How do the ideas you investigated here relate to quilt designs?

   Quilt designs often can be extended to fill a plane. You may want students to create their own quilt designs.
Part 5. . . . go over the answers in a class discussion.  Pay special attention to applications to folk art . . . .

   Ask if students recognize any of the patterns, especially if they have these patterns at home (tile, wallpaper, etc.).
Part 6. Discuss mathematically why there are only three regular tessellations. . . .

   Remind students that circle has 360 degrees and note that tessellating regular polygons have angles that are factors of 360.  This is a concept worth reinforcing here. 
Part 7. Make sure students understand the symmetry . . . .  Use of large cut-out shapes as props may be helpful 

   Examples may vary, but students should be able to show their sketches to demonstrate they meet all criteria.
Part 8. [optional]  As enrichment, you might ask a student or groups of students to research one of these ideas:

   A web search is probably the best way to get students started on these optional research activities..
SAMPLE CULMINATING ASSESSMENT:   

- On a quiz or test, ask the following:

1. What regular polygons can tessellate the plane?
   Regular triangles, quadrilaterals, and hexagons tessellate the plane.
2. Why do these regular polygons tessellate?
   These tessellate because the measures of their angles are factors of 360. Consequently 6 equilateral triangles (6 times 60 = 360); 4 squares (4 times 90 = 360); and 3 regular hexagons (3 times 120 = 360) can tessellate the plane.
3. Why can no other regular polygons tessellate?
   No other regular polygons tessellate because their angle measures are not factors of 360. Therefore they couldn’t be placed side by side to fill up the plane without overlapping.
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ADDITIONAL BACKGROUND RESOURCES

LESSON TITLE: Quilts and Tessellations

Semi-regular Tessellations
You can also use a variety of regular polygons to make semi-regular tessellations. A semiregular tessellation has two properties which are:

1. It is formed by regular polygons.

2. The arrangement of polygons at every vertex point is identical.
Here are the eight semi-regular tessellations: These are better illustrated on the next page
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Interestingly there are other combinations that seem like they should tile the plane because the arrangements of the regular polygons fill the space around a point. For example:
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If you try tiling the plane with these units of tessellation you will find that they cannot be extended infinitely. 
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ADDITIONAL BACKGROUND RESOURCES

LESSON TITLE: Quilts and Tessellations

Regular Polygons
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