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Tantalizing Tessellation’s 


In this lesson we offer an introduction to the basics of tessellations.  Included is a review of geometric shapes, definitions, history, and other aspects of tessellations.  This lesson could be taught to a high school geometry class and some projects could be used in many other classes.  This lesson is designed for an 80 minute class period.
NCTM Principles and Standards in School Mathematics:

· Explore relationships (including congruence and similarity) among classes of two- and three-dimensional geometric objects, make and test conjectures about them, and solve problems involving them

· Analyze properties and determine attributes of two- and three-dimensional objects

· Draw and construct representations of two- and three-dimensional geometric objects using a variety of tools

NYS MST Standards/ Performance Indicators:

· G.PS.2 Observe and explain patterns to formulate generalizations and conjectures

· G.CM.11 Understand and use appropriate language, representations, and terminology when describing objects, relationships, mathematical solutions, and geometric diagrams

· G.CN.6 Recognize and apply mathematics to situations in the outside world

· G.CN.8 Develop an appreciation for the historical development of mathematics

Following the conclusion of this lesson, students should be able to:

· Understand and recognize two- and three- dimensional tessellations.
· Be able to construct two- and three- dimensional tessellations.
· Give examples of tessellations in the environment and in society.
Instructional Protocol:
In this lesson, students should follow along with the teacher in the guided notes section, filling in their notes and asking questions.  Then depending on how the teacher would like to use the lesson the students can start one of the projects.  Depending on the class, the teacher may like to let the students decide which project to do or they may want the entire class to focus on one project.

Tessellations…?
Did you ever wonder what type of shape the Epcot Center is?  What about the pattern on a pineapple or a soccer ball?  What do these have to do with math? Well, by the end of this lesson you will have the answers to these questions!

The Basics
A tessellation, or tiling, is the placement of shapes that can fill a plane or shape without any overlapping or gaps.  
The following are examples of these:
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As you can see, the figure on the right is made up from traditional shapes, triangles and hexagons.  But the figure on the right is not a traditional shape at all!  This shows that the shapes that are being used do not need to be typical geometrical shapes like squares and triangles, but they can be anything!

Naming Tessellations

These names may seem a little odd, but there is a method behind the madness.  First off, let’s break dodecahedron into dodeca and edron.  The word dodeca comes from the Greeks, which means ‘twelve’.  The final part of the word, hedron, also comes from the Greeks, which stands for ‘seat’ or ‘face’.  The same can be said about the other figures, for example, the icosahedron.  The first part, icosa, is the Greek word for ‘twenty’.  Here are a couple other Greek numerical prefixes:

Mono 

(1) 



Hecta

(100)

Tetra 

(4)



Triconta
(30)

Chilia

(1,000)



Myria

(10,000)

Let’s Classify a Few Things
There are several different classifications of tessellations, including:
A regular tessellation is a symmetric tessellation made up of congruent regular polygons.  The only three regular tessellations that exist are ones that are made up of equilateral triangles, squares, and regular hexagons. The picture above on the left is an example of a regular tessellation created by triangles and hexagons.
An non-regular tessellation is one that is made up of figures that are irregular polygons.  Also, they may be the same or they can be different types of polygons. An example is the picture above on the right.
Quick Facts!

๏  In a tessellation, at each vertex, the sum of the measures of the angles must 
 
     equal 360°.

๏  Any quadrilateral will tessellate the plane.
๏  Any polygon with an interior angle which is a factor of 360° will tessellate the            plane.
A Little History
The word tessellation, or tessellate, comes from the Latin word tessella. In Latin this is a small cubical piece of clay, stone, or glass that is used to make mosaics, which is the art of creating images from small pieces of glass or stone.
The concept of tessellations was used widely in the art work of M. C. Escher, a Dutch artist.  
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This is so 2-Dimensional!
Tessellations don’t always have to be in a 2-D space.  Here are some examples that exist in a 3-dimensional space:

Dodecahedron: A solid with
Icosahedron:  A solid whose 20 faces are

12 regular pentagonal faces

          equilateral triangles
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Some Real Life Examples?  Really?
So did you know that you’ve seen many examples of 2-D and 3-D tessellations in real life?  Here are some that you may recognize.

Buildings:


Some of the most famous buildings in the world are made with tessellations, such as the Epcot Center.  The Epcot Center is made up entirely of triangles.  
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However, triangles are not the only shapes that are used in building tessellations.  A tessellation that people do not even realize is cinder blocks and bricks.  Yes, the same cinder blocks and bricks that make up the foundation of most buildings are actually tessellations comprised entirely of rectangles.  
Man Made Objects:


Two of the most common shapes that tessellate are pentagons and hexagons.  They are used in quilts and for soccer balls, among other things.  Another very different tessellation that people may not think about are puzzle pieces.  Puzzles actually are non-regular tessellations. They completely cover a plane without overlapping or leaving any gaps.
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Nature:


Hexagons also occur often in nature in many places.  Hexagons show up in pineapples, honeycombs, and in the way certain elements bond together at a chemical level.
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A Quick Review

1.  What is a tessellation? 

The placement of shapes that wil fill a plane or shape without any overlapping or gaps.
2.  What are the two classifications of tessellations?

Regular and non-regular
3.  True or False: Any quadrilateral will tessellate.  False
4.  Give three examples of tessellations in real life.  Make sure at least one is NOT the same as those given in your notes!
Make It Yourself!
These shapes may seem interesting on a piece of paper, but what if one was constructed?  It is your turn to become creative and make your own 3-dimensional tessellations!
Materials for all projects:


-Paper


-Scissors


-Tape/glue
A great website to use for tessellation cutouts is:
http://www.progonos.com/furuti/MapProj/Normal/ProjPoly/Foldout/foldout.html
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Overview:
The factohedron is a polyhedron with a different fact written on each face of the solid.  These facts can be anything, ranging from mathematical formulas, to elements on the periodic table.  This project can provide a fun way explore geometry and aid in the student’s studies.
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Materials Needed:
-Pattern of Desired Polyhedron

-Scissors

-Tape or Glue

-Facts

Directions:

-Take the pattern of the polyhedron you selected, and cut along the outside of the figure.

-Before you construct the figure, turn it over and begin to write the facts on the faces.

-Once the facts have been transferred to the figure, flip it back over and begin to fold along the lines.

-Once all of the lines have been folded, start using the tape or glue to connect the flaps together.

-Once the flaps are all connected, your factoedron will be complete!


Use 3-D tessellations to create a poster with some pop!

Materials:

· Poster Board

· Paper  
· Glue/Tape

· Markers, pencils, etc

The Directions:  

· The poster needs to have the following:

· at least three total tessellations
· one tessellation has to use at least two different geometric shapes

· one tessellation needs to replicate a real life example of a tessellation

· at least two important or interesting history facts
· at least two pictures of real life examples
· Properly construct all the tessellations from the given templates and others you may find.

· Make sure you label your tessellations with the proper names and explain what each is.

Scoring:
· Each project must meet all of the required criteria.
· Neatness and organization.
· Creativity!




Description:

The purpose of this activity is to see who can build the bridge that can support the most weight using only 3-D tessellations.


Materials:

~ Standard printer or construction

   paper

~ Tape

~ Weighting basket


~ String

~ Plenty of pennies or quarters (weights)


~ Nets of tessellations

Directions:
~ Students will be given a number of math problems to work on, and must   
correctly answer questions to receive tessellation nets.
 

~ Students must first construct the 3-D blocks to start building with.  

~ Have students decide which tessellations are best to use in order to construct the winning bridge (which piece can support the most weight).

~ After the time limit is up each student will be given thirty seconds 
(loading time) to load weight into basket that is being held by their 
bridge.

Rules:

~ Each team can only work on their own project.

~ Each bridge must be at least 6 inches across.

~ Only the provided materials may be used to create the bridge.

~ Students may put the weight basket on top of or hang it from their bridge.
~ Only the weight that the students add during their “loading time” will
count towards their overall weight.

~ If the bridge collapses then it is disqualified, so add weight with care!
~ The bridge that can hold the most weight will win!
If you take a closer look the picture above, which is Escher’s Circle Limit III, you will notice the tessellation of fish.  Something that is very interesting about this artwork is that the object starts out very large in the center, and as it moves to the edges, it becomes significantly smaller.








An attraction at Disney, known as the Imagination Building, is also made of triangles.











