Lesson Plan: 7.G.A.3  Cross Sections of Polyhedra 
(This lesson should be adapted, including instructional time, to meet the needs of your students.)

	Background Information

	Content/Grade Level

	Geometry/Grade 7

	Unit/Cluster

	Draw, construct, and describe geometrical figures and describe the relationships between them.

	Essential Questions/Enduring Understandings Addressed in the Lesson


	How do two-dimensional figures relate and connect to three-dimensional figures?

Two- and three-dimensional objects with or without curved surfaces can be described, classified, and analyzed by their attributes.
A polyhedron is a three-dimensional figure made of flat surfaces.  


	Standards Addressed in This Lesson


	7.G.A.3 Describe the two-dimensional figures that result from slicing three-dimensional figures, as in   
              plane sections of right rectangular prisms and right rectangular pyramids.


	Lesson Topic

	Plane sections of three-dimensional figures

	Relevance/Connections

	7.G.B.2  Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given    
               conditions.


	Student Outcomes


	Students will be able to describe two-dimensional figures or polygons that result from slicing three-dimensional figures.

	Prior Knowledge Needed to Support This Learning



	6.G.A.4  Represent three-dimensional figures using nets made up of rectangles and triangles.
5.G.B.3  Understand that attributes belonging to a category of two-dimensional figures also belong to all
               subcategories of that category.


	Method for determining student readiness for the lesson

	Use the warm-up as a starting point to determine students’ abilities to identify polygons and polyhedra.  



	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice(s) does this address? How is the Practice used to help students develop proficiency?

	Warm Up




	Teacher will give each group of students a variety of regular and irregular polygons.  Students should work together to identify each polygon.  Then, they will sort the polygons using any attributes they choose (for example, number of sides, regular vs. irregular).  Teacher will lead a discussion that allows student groups to share their sorting methods. 

Teacher will give each group a variety of polyhedra.  Students will work together to identify/name each shape.  Then, they will sort using any attributes they choose (for example, number of faces, shapes of bases). Teacher will lead a discussion that allows student groups to share their sorting methods.

Questions to summarize:  
· Why do you think we sorted the two-dimensional figures separately from the three-dimensional figures?
· Why didn’t we include a sphere in the warm-up activity?
· With your group, determine an attribute that would result in polygons and polyhedra being grouped together.

	

	Motivation



	· Teacher will have at least three oranges, a knife (follow your county/school policy regarding knives in school), and a cutting board.  Ask students to identify the shape of the orange. 
Teacher should prepare to make a cut that’s perpendicular to the cutting board.  Before cutting, ask the students what two-dimensional shape would describe the cross section.  Teacher slices the orange to confirm student prediction.  

Teacher asks the class, if I make another cut in another place on the orange that’s still perpendicular to the cutting board, what shape will the cross section be? 

Ask the students to make a conjecture about the shape of other cuts made, if those cuts are still perpendicular to the cutting board.

· Ask the students to make a conjecture about the shape of the cross section prior to cutting the next two oranges.

With the second orange, teacher will make a cut that is parallel to the cutting board.  Have students confirm their conjecture about the shape of the cross section.

With a third orange, teacher will make a cut that is diagonal to the cutting board.  Have students confirm their conjecture about the shape of the cross section.


Key Questions:
· Why are these cross sections always circles?  
· What other three-dimensional shapes have cross sections that are circles?  
· If students are not able to determine other three dimensional shapes where cross sections are circles, discuss this during the summary.  (If you answer this question in too much detail now, it may diminish the value of the discovery during the lesson.)

	

	Activity 1 

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary









	UDL Components:
· Principal I:  Representation is present in the activity.  Teacher supplies “nets” of  polyhedra and supplies to students to create their own polyhedron nets. Students are then given hollow polyhedral to make the connection of the original drawing to the 3 dimensional figure.
· Principal II:  Expression is present in the activity.  Teacher supplies materials for students to cut through the polyhedra to form cross-sections and student can decide which materials to work with. Students will record their findings on a given chart to help organize their thinking.    
· Principal III:  Engagement is present in the activity. Students are building a polyhedral and then sharing their products with others.   Students collaborate in small groups as they do the gallery walk to study each groups’ findings.  The cross-sections of each polyhedron is different which is a cause for speculation and class discussion.
Directions:
· Prepare a piece of chart sized graph paper for each available hollow polyhedron by putting a picture of the figure at the top of the paper.  Prepare enough charts to assure at least two groups for each polyhedron.  
· Distribute one hollow polyhedron (A polyhedron is a three dimensional shape that’s formed by plane faces) play-doh or clay, plastic wrap, serrated plastic knife or strong thread/dental floss, graph paper or dot paper (one per student), and the polyhedral chart, see Attachment #1, (one per group) to each group of students. 
· Instruct students to make a clay model using their polyhedron as a mold.  They should line the inside of their shape with plastic wrap to make it easier to remove the clay.  Have students carefully remove the clay from the polyhedron.
· Have students make a prediction about the shape of the cross section for a cut that’s perpendicular to the base.  Each student should record/draw their prediction on their own graph paper or dot paper. 
· Ask students to place their clay model on its base and cut the clay polyhedra perpendicular to the base.  They should record/draw the shape of the cross section on their group’s chart paper.
· Have students remold their clay to create another model of the three-dimensional shape.  Continue by making other cuts (parallel to the base, diagonal to the base being sure to re-mold after each cut).   Students should make a prediction prior to each cut and draw it on their own graph or dot paper.  After making each cut, they will record the shape of each cross section on their group’s chart paper. 
· Ask each group to draw conclusions about each cut made and its resulting two-dimensional cross section.  Write the conclusions on the group’s chart paper.
· Have the groups with the same polyhedron form a new larger group to discuss the activity and share conclusions.  Groups will consolidate their information to prepare to hang one of their two charts for a gallery walk.
· Have students do a gallery walk to determine if their conclusions hold true for other polyhedra.  
· Lead a class discussion to summarize their findings.

Key Questions:
· What’s the difference between the cross sections when making a parallel cut vs. a perpendicular cut?
· How does the location of a perpendicular cut to a pyramid affect the cross sections? (a cut from the apex vs. off center)
· How does the location of a perpendicular cut to a prism affect the cross sections? 
· How does the location of a parallel cut to the base of a pyramid affect the cross sections? (cross sections are similar)
· How does the location of a parallel cut to the base of a prism affect the cross sections? (cross sections are congruent)

	Students persevere as they build different models and compare cross-sections of those models.
(SMP#1)


Students construct viable arguments and critique the reasoning of others during the gallery walk as they discuss the work of all the different groups.
(SMP#3)


Students use appropriate tools strategically as they build concrete models of polyhedral.
(SMP#5)

Students attend to precision as they compare slices of clay to solid figures and as they make sure that their cuts are precise.
(SMP#6)

































	Activity 2

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary
	UDL Components:
· Principal I:  Representation is present in the activity.  Students revisit the concepts of cross-sections of polyhedral as they study the products of each other.
· Principal II:  Expression is present in the activity.  Students revisit the concepts of cross-sections of polyhedral as they share with each other and critique each groups’ findings.   
· Principal III:  Engagement is present in the activity. Students collaborate in small groups.  Students independently summarize their findings and share this summary with  small groups and the entire class.

· Leave the gallery walk posters from Activity 1 on the wall.  
· Distribute the “Cross-Sections” recording sheet to students.  
· Students will use what they learned during Activity 1/gallery walk posters to complete the recording sheet.
· Have students complete Sometimes, Always, Never, Attachment #2. 

Debrief answers from “Sometimes, Always, Never.”





	
Students persevere as they critique different models and compare cross-sections of those models.
(SMP#1)


Students summarize their findings of all the other groups  from the gallery walk with the entire class.
(SMP#3)


Students attend to precision as they answer the “Sometimes, Always, Never” activity sheet.
(SMP#6)





	Closure
	In the figures below which cut, perpendicular or parallel to the base, will give you the same shape as the base?

[image: http://cnx.org/content/m22154/latest/graphics6.png]
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)[image: http://etc.usf.edu/clipart/43100/43119/prism-hept6_43119_lg.gif][image: http://upload.wikimedia.org/wikipedia/commons/2/21/Triangular_prism.png][image: http://t2.gstatic.com/images?q=tbn:ANd9GcRQOo4wIgAqvjZdG6tCE6Gn8jqz6BVg3nyYl76dbSbGWoTRALd5]







	



	Supporting Information

	Interventions/Enrichments
· Students with Disabilities/Struggling Learners
· ELL
· Gifted and Talented

	Struggling student
· Prepare clay models 
· http://www.mathsisfun.com/geometry/prisms.html

ELL
· Provide vocabulary sheet for ELL students prior to lesson
· http://www.mathsisfun.com/geometry/prisms.html

GT students
· Have students investigate cross sections of cones, cylinders, and oblique prisms.
· Have the students predict the shapes that results from the cuts that are 30º, 45º, etc. from the base. 


	Materials
	Shape sets, clear polyhedra sets with removable bases (available through Learning Resources, www.learningresources.com, and other companies) at least three oranges, cutting board, knife, hollow polyhedra, play-doh or clay, clear plastic wrap, serrated plastic knives for students or strong thread  (dental floss works well), graph paper or dot paper for students, chart sized graph paper.

	Technology

	Document Camera

	Resources

	Activity worksheets 
· Cross-Sections
· Sometimes, Always, Never 

http://www.mathsisfun.com/geometry/prisms.html
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Cross-Sections – Attachment # 1
Part I. Name the three-dimensional figure. Write the name in the center box. Draw and write the name of the polygon resulting from a parallel cut and perpendicular cut.
	Cut parallel to base
	Three-dimensional figure
	Cut perpendicular to base

	
	[image: http://2.bp.blogspot.com/_QIRb2tCm0bg/TCCB3QiaOPI/AAAAAAAAAEM/oYmslVBrmHY/s320/Rectangular+prism.JPG]
	

	
	[image: http://www.doitpoms.ac.uk/tlplib/atomic-scale-structure/images/square_pyramid.gif]
	

	
	[image: http://www.faludi.com/images/blog/cube.jpg]
	

	

	[image: http://tcdsbstaff.ednet.ns.ca/scroache/Math/Math%20Makes%20Sense/planes3.jpg]
	

	
	[image: http://loveshapes.files.wordpress.com/2008/09/cylinder.jpg]
	

	
	[image: http://www.abcteach.com/free/c/conebnw.jpg]
	




Attachment #2
[image: http://t1.gstatic.com/images?q=tbn:ANd9GcRahi7lPeEbvHgyJF-LV03qM8MGba2bGccYh-GdXrhER4TFAoGN:bestclipartblog.com/clipart-pics/orange-clip-art-6.jpg]Part II.   – Sometimes, Always, Never: Read and think about each statement.  Determine whether the statement is sometimes true, always true, or never true.  If the statement is only sometimes true, give a counterexample.

__________  1.  If you cut a sphere, then the cross section is a circle.

__________  2.  If you cut a square pyramid perpendicular to its base, then the cross section will be a square.

__________  3.  If you cut a prism parallel to its base, then the cross section will be the same shape as the base.

__________  4.  If you cut a prism parallel to its base, then the cross section will be congruent to the base.

__________  5.  If you cut a pyramid parallel to its base, then the cross section will be congruent to the base.

__________  6.  If you make a cut perpendicular to the base of a pyramid, then the cross section will be a triangle.

__________  7.  If you make a cut parallel to the base of a pyramid, then the cross section will be a triangle.

__________  8.  If you make a cut to any right rectangular prism, parallel or perpendicular to its base, then the cross section will be a rectangle.
[image: http://3.bp.blogspot.com/-Dsy_8YO5Ais/UCxPnnfMOgI/AAAAAAAAAJ4/1iRXOKWACo8/s1600/fresh_orange_slice.jpg]

ANSWER KEY
Part II.   – Sometimes, Always, Never: Read and think about each statement.  Determine whether the statement is sometimes true, always true, or never true.  If the statement is only sometimes true, give a counterexample.

Always  	1.  If you cut a sphere, then the cross section is a circle.

Never  	2.  If you cut a square pyramid perpendicular to its base, then the cross section will be a square.

Always	3.  If you cut a prism parallel to its base, then the cross section will be the same shape as the base.

Always	4.  If you cut a prism parallel to its base, then the cross section will be congruent to the base.

Never	 5.  If you cut a pyramid parallel to its base, then the cross section will be congruent to the base.

Sometimes	6.  If you make a cut perpendicular to the base of a pyramid, then the cross section will be a triangle. (only a triangle if cut is from apex of pyramid)
	
Sometimes	7.  If you make a cut parallel to the base of a pyramid, then the cross section will be a triangle.  (only if the base of the pyramid is a triangle)

Always	8.  If you make a cut to any right rectangular prism, parallel or perpendicular to its base, then the cross section will be a rectangle.
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