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	Geometry 
Unit 3 Snap Shot

	Unit Title
	Cluster Statements
	Standards in this Unit

	Unit 3
Extending to Three Dimensions
	· Explain volume formulas and use them to solve problems.

· Visualize relationships between two-dimensional and three-dimensional objects.

· Apply geometric concepts in modeling situations. 

	· G.GMD.1
·  (
(
additional
)
)G.GMD.3★ 
· G.GMD.4
· G.MG.1★ (major)



PARCC has designated standards as Major, Supporting or Additional Standards.  PARCC has defined Major Standards to be those which should receive greater emphasis because of the time they require to master, the depth of the ideas and/or importance in future mathematics. Supporting standards are those which support the development of the major standards.  Standards which are designated as additional are important but should receive less emphasis.

Overview
The overview is intended to provide a summary of major themes in this unit.

Students’ experience with two-dimensional and three-dimensional objects is extended to include informal explanations of circumference, area and volume formulas. Additionally, students apply their knowledge of two-dimensional shapes to consider the shapes of cross-sections and the result of rotating a two-dimensional object about a line.



Teacher Notes
The information in this component provides additional insights which will help the educator in the planning process for the unit.
	
In grades K-8, students worked with a variety of geometric measures (length, area, volume, angle, surface area, and circumference).  In high school Geometry, students apply these component skills in tandem with other newly acquired skills in the process of completing modeling tasks and other substantial applications.



Enduring Understandings
Enduring understandings go beyond discrete facts or skills. They focus on larger concepts, principles, or processes.  They are transferable and apply to new situations within or beyond the subject.  Bolded statements represent Enduring Understandings that span many units and courses.  The statements shown in italics represent how the Enduring Understandings might apply to the content in 
Unit 3 of Geometry.

· Objects in space can be manipulated in an infinite number of ways and those resulting objects can be described and analyzed mathematically.
· Two-dimensional objects can be rotated about a line to generate a three-dimensional object.
· Cross-sections of three-dimensional objects result in two-dimensional objects.

· Representations of geometric ideas and relationships allow multiple approaches to geometric problems and connect geometric interpretations to other contexts.
· The processes of finding cross sections of a rotated figure about a line allow geometric interpretations to connect to other contexts.
· Objects can be described using geometric shapes, their measures and their properties.
· Modeling of objects can be accomplished using geometric shapes.

· Judging, constructing, and communicating mathematically appropriate arguments are central to the study of two- and three-dimensional geometry.
· Informal arguments can be used to determine formulas for the circumference of a circle, for the area of two-dimensional figures and for the volume of three- dimensional figures.
· Informal arguments can be used to identify the shapes of two-dimensional cross-sections of three-dimensional objects and to identify three-dimensional shapes generated by rotations of two-dimensional objects.







Essential Question(s)
A question is essential when it stimulates multi-layered inquiry, provokes deep thought and lively discussion, requires students to consider alternatives and justify their reasoning, encourages re-thinking of big ideas, makes meaningful connections with prior learning, and provides students with opportunities to apply problem-solving skills to authentic situations. Bolded statements represent Essential Questions that span many units and courses.  The statements shown in italics represent Essential Questions that are applicable specifically to the content in Unit 3 of Geometry.

· How is visualization essential to the study of geometry?
· In what ways do visualization aids help to analyze the two-dimensional figure formed by a cross section of a three-dimensional figure?
· In what ways does visualization help to determine what three-dimensional figured is formed by a rotation of a two-dimensional figure about a line?
· How does visualization facilitate the selection of a geometric figure as a model for a real-world object?

· How does geometry explain or describe the structure of our world?
· In what ways do geometric shapes, their measures and their properties, describe real-world objects?

· How can reasoning be used to establish or refute conjectures?
· What type of argument must be presented to establish the validity of formulas for circumference of a circle, area of a circle and volume of a cylinder, pyramid or cone?







Possible Student Outcomes 
The following list provides outcomes that describe the knowledge and skills that students should understand and be able to do when the unit is completed. The outcomes are often components of more broadly-worded standards and sometimes address knowledge and skills necessarily related to the standards. The lists of outcomes are not exhaustive, and the outcomes should not supplant the standards themselves.  Rather, they are designed to help teachers “drill down” from the standards and augment as necessary, providing added focus and clarity for lesson planning purposes. This list is not intended to imply any particular scope or sequence.
G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of 
                a cylinder, pyramid, and cone. Use dissection arguments, Cavalieri’s principle, and informal limit arguments. 
               (additional)

The student will:
· give an informal argument for the formulas for circumference and area of a circle.
· give an informal argument for the formulas for volume of a cylinder, pyramid and cone.

G.GMD.3 Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.★(additional)

The student will:
· select and apply the appropriate volume formula(s) for cylinders, pyramids, cones and spheres needed to solve problems.

G.GMD.4 Identify the shapes of two-dimensional cross-sections of three-dimensional objects, and identify
                three-dimensional objects generated by rotations of two-dimensional objects. (additional)

The student will:
· understand the concept of and identify the cross-sections of three-dimensional objects.
· understand the concept of and identify three dimensional shapes generated by rotations of two-dimensional objects.

G.MG.1 Use geometric shapes, their measures, and their properties to describe objects.
             (e.g., modeling a tree trunk or a human torso as a cylinder). ★ (major)

The student will:
· choose an appropriate geometric shape for modeling a particular real-world object.
· identify geometric shapes, their measures and their properties, needed to model an object.
· solve problems involving real world objects by using appropriate geometric properties of the object.
Possible Organization/Groupings of Standards
The following charts provide one possible way of how the standards in this unit might be organized.  The following organizational charts are intended to demonstrate how some standards will be used to support the development of other standards.  This organization is not intended to suggest any particular scope or sequence.

	Geometry 

	Unit 3:Extending to Three Dimensions 

	Topic #1
Modeling with Geometry

	Major Standard  to 
Address 
Topic  #1
	G.MG.1★    Use geometric shapes, their measures, and their properties to describe objects.
                  (e.g., modeling a tree trunk or a human torso as a cylinder). ★(major)


	The standards listed to the right should be used to help develop G.MG.1

	
G.GMD.1    Give an informal argument for the formulas for the circumference of a circle, area of a circle, 
                    volume of a cylinder, pyramid, and cone. Use dissection arguments, Cavalieri’s principle, and 
                    informal limit arguments. (additional)

G.GMD.3★   Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.★(additional)

G.GMD.4    Identify the shapes of two-dimensional cross-sections of three-dimensional objects, and identify
                   three-dimensional objects generated by rotations of two-dimensional objects. (additional)










Connections to the Standards for Mathematical Practice
This section provides examples of learning experiences for this unit that support the development of the proficiencies described in the Standards for Mathematical Practice.  These proficiencies correspond to those developed through the Literacy Standards. The statements provided offer a few examples of connections between the Standards for Mathematical Practice and the Content Standards of this unit. The list is not exhaustive and will hopefully prompt further reflection and discussion.

In this unit, educators should consider implementing learning experiences which provide opportunities for students to:

1. Make sense of problems and persevere in solving them.
· Identify the geometric properties of an object as a means of developing a plan for solving a problem.
· Check solutions to determine if they are reasonable.
· Evaluate the reasonableness of a geometric shape chosen to model a real-world object.
· See the relationships between a real-world object and possible geometric counterparts.
· Consider different geometric models of real-world objects and evaluate their usefulness.

2. Reason abstractly and quantitatively.
· Use geometric properties of objects to determine pertinent information in the problem solving process.
· Consider the units needed to model a real-world scenario and convert units as necessary.
· Use a geometric model for a real-world object, manipulate as needed and make meaning of the result in terms of the original object.
· Create a logical representation, or model, of a real-world object.

3. Construct viable arguments and critique the reasoning of others.
· Justify a choice of a selected geometric shape to represent real-world objects.
· Develop the reasoning behind an informal argument for formulas for the circumference and area of a circle and for volumes of three-dimensional figures.
· Compare two choices for geometric shapes used to represent real-world objects for accuracy and validity.

4. Model with mathematics.
· Select an appropriate geometric concept to model real-world phenomena.
· Simplify a complex situation by identifying important qualities of the situation and choosing a geometric object to represent the situation.
· Reflect on whether the results of modeling with a specific geometric figure make sense, possibly improving or revising the  model.
· Make appropriate assumptions and approximations to simplify a complicated situation.

5. Use appropriate tools strategically.
· Use a variety of tools to explore the cross sections of physical objects.
· Use a variety of tools to explore the three dimensional objects created by rotating two dimensional shapes. 
· Use geometric software to develop an appropriate geometric model for a real-world object.
· Use estimation and other mathematical knowledge to detect possible errors.

6. Attend to precision.
· Determine the appropriate degree of precision when expressing answers as dictated by a problem context.
· Calculate efficiently and accurately.
· Use appropriate vocabulary when communicating with others about shapes and their properties.
· Use appropriate vocabulary when communicating about cross sections and rotations about a line.

7. Look for and make use of structure.
· Use the relationship between the measures of parts of a circle to determine the circumference and area of a circle.
· Develop the relationship between related pyramids and prisms and related cylinders and cones to understand volume formulas.
· Recognize and use the strategy of drawing auxiliary lines to support an argument about areas or volumes.
· See complicated real-world objects as entities that can be modeled by single or multiple geometric figures.

8. Look for and express regularity in reasoning.
· Understand that a two-dimensional object rotated about a line generates a three-dimensional object.
· Understand that cross-sections of a three dimensional object create two-dimensional objects.






Content Standards with Essential Skills and Knowledge Statements and Clarifications/Teacher Notes 
The Content Standards and Essential Skills and Knowledge statements shown in this section come directly from the Geometry framework document. Clarifications and teacher notes were added to provide additional support as needed. Educators should be cautioned against perceiving this as a checklist.  
Formatting Notes
· Red Bold- items unique to Maryland Common Core State Curriculum Frameworks
· Blue bold – words/phrases that are linked to clarifications
· Black bold underline- words within repeated standards that indicate the portion of the statement that is  emphasized at this point in the curriculum or words that draw attention to an area of focus
· Black bold- Cluster Notes-notes that pertain to all of the standards within the cluster
· Green bold – standard codes  from other courses that are referenced and  are hot linked to a full description

	Standard
	Essential Skills and Knowledge

	Clarification/Teacher Notes

	

Cluster Note: Informal arguments for area and volume formulas can make use of the way in which area and volume scale under similarity transformations: when one figure in the plane results from another by applying a similarity transformation with scale factor k, its area is  times the area of the first. Similarly, volumes of solid figures scale by  under a similarity transformation with scale factor k.

	G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. Use dissection arguments, Cavalieri’s principle, and informal limit arguments. (additional)

	1. See the skills and knowledge that are stated in the Standard.

	· Students should know basic formulas from previous grades/courses.
· Example: As a classroom demonstration of Cavalieri’s principle, take a stack of post-it notes in the shape of a 3-D object and determine its volume. Then the rearrange the post-its in the stack and stress that the volume of the new shape is the same. The two volumes should be the same. (See the illustration below for a visual.)
[image: http://mrhonner.files.wordpress.com/2011/05/cd-collage.jpg]



· An informal limit argument for the circumference or area of a circle is performed by fitting n-gons of increasing number of sides into a circle to approximate the circumference or area of the circle.
· Example: Dissect a circle into increasingly more “pizza slices”, arranging the slices into a shape that approximates a parallelogram; find the area of the parallelogram to approximate the area of the circle (height of the parallelogram = r, base of the parallelogram = 



	G.GMD.3 Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.★(additional)



	1. See the skills and knowledge that are stated in the Standard.

	· Note: This is an overarching standard that has applications in multiple units
· Students should solve real-world application problems using volume formulas for cylinders, pyramids, cones and spheres. (see resources)


	G.GMD.4 Identify the shapes of two-dimensional cross-sections of three- dimensional objects, and identify three-dimensional objects generated by rotations of two-dimensional objects. *(additional)

	· Ability to make connections between two-dimensional figures such as  rectangles, squares, circles, and triangles and three-dimensional figures such as cylinders, spheres, pyramids and cones

	· Use hands-on kits or computer generated graphics to demonstrate cross-sections. Have students predict and experiment with other two-dimensional shapes.
· Use an old fashioned carousel slide holder as a base.  Prepare cardboard cut-outs of the two-dimensional shapes to be rotated. Add a tab to each base to insert in the carousel. Rotate the carousel to demonstrate the various 3-D results.
· Computer graphics programs can be used to model resulting three-dimensional figures.

	G.MG.1 Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk or a human torso as a cylinder). ★(major)

Note: Focus on situations that require relating two- and three-dimensional objects, determining and using volume, and the trigonometry of general triangles.

	
· Ability to connect experiences with this standard as it related  to the two- dimensional shapes studied  in Unit 2 to three-dimensional  shapes

	Note: This is an overarching standard that has applications in multiple units.



















Vocabulary/Terminology/Concepts
The following definitions/examples are provided to help the reader decode the language used in the standard or the Essential Skills and Knowledge statements.  This list is not intended to serve as a complete list of the mathematical vocabulary that students would need in order to gain full understanding of the concepts in the unit. 
	Term
	Standard
	Definition

	Cavalieri’s principle
	G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. ★
Use dissection arguments, Cavalieri’s principle, and informal limit arguments.
	Cavalier’s principle: A method of finding the volume of any solid for which cross-sections by parallel planes have equal areas. This includes, but is not limited to, cylinders and prisms.  The formula shown below represents this principle. 

 		

		the area of a cross-section 

		= the height of the solid

	cross-sections of three-dimensional objects
	G.GMD.4 Identify the shapes of two-dimensional cross-sections of three- dimensional objects, and identify three-dimensional objects generated by rotations of two-dimensional objects.











	A cross-section is the face you get when you make one slice through an object. Below is a sample slice through a cube, showing one of the cross-sections you can get. 
[image: http://www.learner.org/courses/learningmath/geometry/images/session9/9c.gif]
[bookmark: note3]The polygon formed by the slice is the cross-section. The cross-section cannot contain any piece of the original face; it all comes from "inside" the solid. In this picture, only the gray piece (the triangle) is a cross-section.


	dissection arguments 
	G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. ★
Use dissection arguments, Cavalieri’s principle, and informal limit arguments.

	Definition through example:
Finding the area of a circle using a dissection argument along with an informal limit argument
To derive the formula for calculating the area of a circle with radius r, we cut a circle into 4 equal wedges as shown in the picture. Arrange the four wedges in a row, alternating the tips up and down to form a shape that resembles a parallelogram. The reason for changing a circle into a "parallelogram" is because we don't know how to calculate the area of a circle yet. We transform a circle into a shape whose area we know how to compute. As shown, the length of the bumped base (top or bottom) is equal to half of the circumference of the original circle and the length of the other side is equal to the radius r. During this process, no area has been lost or gained so that the area of this newly formed "parallelogram" is the same as that of the original circle. However, this "parallelogram" has bumps on both its top and bottom, so we still don't know how to calculate its area.

	[image: Image]
	[image: Image]




	
	
To solve this problem, we cut the original circle into a greater number of equal wedges. As we increase the number, the bumps become smoother and the parallelogram looks more and more like a rectangle. As the number of equal wedges into which the circle is cut   approaches infinity, the bumped "parallelogram" approaches a perfect rectangle.  The width of this newly formed rectangle equals half of the circumference of the original circle and the height is equal to the radius . As a result, 

Area of Circle = Area of Rectangle = 


Though the dissection used in this formula is only approximate, the error becomes smaller and smaller as the circle is partitioned into more and more sectors. The limit of the areas of the approximate parallelograms is exactly the area of the circle. 

This argument is actually a simple application of the ideas of calculus. In ancient times, the method of exhaustion was used in a similar way to find the area of the circle, and this method is now recognized as a precursor to integral calculus. Using modern methods, the area of a circle can be computed using a definite integral. 

	informal limit arguments
	G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. ★
Use dissection arguments, Cavalieri’s principle, and informal limit arguments.
	An example of an informal limit argument for the circumference circle comes from fitting regular n-gons with increasing number of sides into a circle.  As the number of sides increases, the limit of the perimeter n-gons approximates circumference of the circle.


Progressions from the Common Core State Standards in Mathematics
For an in-depth discussion of overarching, “big picture” perspective on student learning of the Common Core State Standards please access the documents found at the site below. 

http://ime.math.arizona.edu/progressions/

To see what the Geometry standards in the Common Core State Curriculum Standards for High School mathematics progress from refer to the document below.
http://commoncoretools.files.wordpress.com/2012/06/ccss_progression_g_k6_2012_06_27.pdf













Vertical Alignment
Vertical alignment provides two pieces of information:
· A description of prior learning that should support the learning of the concepts in this unit
· A description of how the concepts studied in this unit will support the learning of other mathematical concepts.
	Previous Math Courses
	Geometry Unit 3 

	Future Mathematics 

	Concepts developed in previous mathematics course/units which serve as a foundation for the development of the “Key Concept”
	Key Concept(s)
	Concepts that a student will study either later in Geometry or in future mathematics courses for which this “Key Concept” will be a foundation.

	In 6th grade, students:
· solve real-world and mathematical problems involving area, surface area, and volume.
· find the volume of a right rectangular prism with fractional edge lengths by packing it with unit cubes of the appropriate unit fraction edge lengths, and show that the volume is the same as would be found by multiplying the edge lengths of the prism.
·  apply the formulas V = l w h and V = b h to find volumes of right rectangular prisms with fractional edge lengths in the context of solving real-world and mathematical problems.
· represent three-dimensional figures using nets made up of rectangles and triangles, and use the nets to find the surface area of these figures. 
· solve real-world  using by finding surface area and ore volumes of three-dimensional figures.





In 7th grade, students:
· solve real-life and mathematical problems involving angle measure, area, surface area, and volume.
	· describe the two-dimensional figures that result from slicing three-dimensional figures, as in plane sections of right rectangular prisms and right rectangular pyramids.




	G.GMD.4 Identify the shapes of two-dimensional cross-sections of three-dimensional objects, and identify three-dimensional objects generated by rotations of two-dimensional objects.

	In Calculus students will:
· find the volume of a solid of revolution.  The second part of this standard is the first step in this process, as it requires students to visualize what three-dimensional shape would be created by rotations of two-dimensional objects. 

	In 5th grade, students:
· find the volume of a right rectangular prism with whole-number sides lengths by packing it with unit cubes and show that the volume is the same as would be found by multiplying the edge lengths.
· recognize volume as additive. 
· find volumes of solid figures composed of two non-overlapping right rectangular prisms by adding the volumes of the non-overlapping parts, applying this technique to solve real world problems.



In 6th grade, students:
· find the area of right triangles, other triangles, special quadrilaterals, and polygons by composing into rectangles or decomposing into triangles and other shapes; apply these techniques in the context of solving real-world and mathematical problems.
· find the volume of a right rectangular prism with fractional edge lengths by packing it with unit cubes of the appropriate unit fraction edge lengths, and show that the volume is the same as would be found by multiplying the edge lengths of the prism. 
· apply the formulas V = lwh and V = bh to find volumes of right rectangular prisms with fractional edge lengths in the context of solving real-world and mathematical problems.

In 7th grade, students:
· learn the formulas for the area and 
           circumference of a circle and use them to
           solve problems.
· give an informal derivation
           of the relationship between the 
           circumference and the area of a circle. 





In 8th grade, students:
· learn the formulas for the volumes of 
           cones, cylinders, and spheres and use 
           them to solve real-world and mathematical
           problems.

	G.GMD.1 Give an informal argument for the formulas for the circumference of a circle, area of a circle, volume of a cylinder, pyramid, and cone. ★ Use dissection arguments, Cavalieri’s principle, and informal limit arguments.


	In Calculus students will:
· study limits. (Giving informal arguments for the formulas for the circumference of a circle, area of a circle and various volumes can give students familiarity with the concept of a limit.)

	In 6th grade, students:
· find the volume of a right rectangular prism with fractional edge lengths by packing it with unit cubes of the appropriate unit fraction edge lengths, and show that the volume is the same as would be found by multiplying the edge lengths of the prism. 
· apply the formulas V = lwh and V = bh to find volumes of right rectangular prisms with fractional edge lengths in the context of solving real-world and mathematical problems.

In 7th grade, students:
· solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 



In 8th grade, students:
· learn the formulas for the volumes of 
           cones, cylinders, and spheres and use 
           them to solve real-world and mathematical
           problems.

	G.GMD.3 Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems.★

	Throughout all future mathematics courses students will encounter problems which will require that they use volume formulas for either specific or composite shapes. 

	In 7th grade, students:
· solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 

In 8th grade, students:
· know the formulas for the volumes of 
           cones, cylinders, and spheres and use 
           them to solve real-world and mathematical
           problems.
	G.MG.1 Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk or a human torso as a cylinder). ★
	This standard refers to a process that students are likely to use in the real-world or in courses taken in a field where mathematics is used to solve problems, such as engineering.










Common Misconceptions
This list includes general misunderstandings and issues that frequently hinder student mastery of concepts regarding the content of this unit.
	Topic/Standard/Concept
	Misconception
	Strategies to Address Misconception 

	Attend to precision - Pi (π)/
G.GMD.1
G.MG.1
G.GMD.3
	Students often convert an answer to decimal form when it would be more precise to leave the answer in terms of pi.
	Use standards of mathematical practice to encourage students to use the symbol for pi (π) instead of converting to a decimal. Explain that π is a more precise quantity and eliminates rounding errors. Use real-world examples where rounding errors occurred such as the Hubble Telescope or the Shuttle O-ring disaster.























Model Lesson Plan(s)
The lesson plan(s) have been written with specific standards in mind.  Each model lesson plan is only a MODEL – one way the lesson could be developed.  We have NOT included any references to the timing associated with delivering this model.  Each teacher will need to make decisions related ot the timing of the lesson plan based on the learning needs of students in the class. The model lesson plans are designed to generate evidence of student understanding. 
This chart indicates one or more lesson plans which have been developed for this unit.  Lesson plans are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings. 
	Standards Addressed
	Title
	Description/Suggested use

	
	
	




Lesson Seeds
The lesson seeds have been written particularly for the unit, with specific standards in mind.  The suggested activities are not intended to be prescriptive, exhaustive, or sequential; they simply demonstrate how specific content can be used to help students learn the skills described in the standards. They are designed to generate evidence of student understanding and give teachers ideas for developing their own activities. 
This chart indicates one or more lesson seeds which have been developed for this unit.  Lesson seeds are being written and posted on the Curriculum Management System as they are completed.  Please check back periodically for additional postings.

	Standard(s) Addressed
	Title
	Suggested Use/Description


	
	
	







Sample Assessment Items
The items included in this component will be aligned to the standards in the unit.

	Topic
	Standards Addressed
	Link
	Notes

	All topics
	All Geometry standards
	http://www.smarterbalanced.org/smarter-balanced-assessments/
	This site provides access to work being completed by the Smarter Balance consortium.  The high school sample problems can be accessed by clicking on “Mathematics High School (zip)”.  The structure used by Smarter Balance is very different from the structure used by PARCC, for this reason it is necessary to look at items to determine their value.

	All topics
	All Geometry standards
	http://illustrativemathematics.org/standards/hs

	This site provides tasks that are aligned to specific standards.  New tasks are added frequently.   Refer back to the site periodically to look for new additions. 

Steps for accessing tasks related to the content of Geometry Unit 3
1. Click on “Geometry”
2.  Click on “Show all” after either G.GMD or G.MG
3. Click on “See illustrations “(this will display a list of all problems that exist for a particular standard.)
4.  Click on “name of task”

	Explain formulas and use them to solve problems 



	G.GMD.3
	Doctor’s Appointment Task
http://illustrativemathematics.org/illustrations/527

	The purpose of the task is to analyze a plausible real-life scenario using a geometric model. The task requires knowledge of volume formulas for cylinders and cones, some geometric reasoning involving similar triangles, and pays attention to reasonable approximations and maintaining reasonable levels of accuracy throughout. 

	Explain formulas and use them to solve problems
	G.GMD.3
	Centerpiece Task
http://illustrativemathematics.org/illustrations/514

	The purpose of this task is to use geometric and algebraic reasoning to model a real-life scenario. In particular, students are in several places (implicitly or explicitly) asked to reason as to when making approximations is reasonable and when to round, when to use equalities vs. inequalities, and the choice of units to work with (e.g., mm vs. cm). 


	Two-dimensional cross- sections of three-dimensional objects
	G.GMD.4 
	http://nces.ed.gov/nationsreportcard/itmrlsx/detail.aspx?subject=mathematics

	This task from NAEP requires students to identify the shape that would be created when slicing a given three-dimensional shape.

	Apply geometric concepts in modeling situations
	G.GMD.4
G.MG.1
	Tennis Balls in a Can Task
http://illustrativemathematics.org/illustrations/512

	This task is inspired by the derivation of the volume formula for the sphere. If a sphere of radius 1 is enclosed in a cylinder of radius 1 and height 2, then the volume not occupied by the sphere is equal to the volume of a “double-naped cone” with vertex at the center of the sphere and bases equal to the bases of the cylinder. This can be seen by slicing the figure parallel to the base of the cylinder and noting the areas of the annular slices consisting of portions of the volume that are inside the cylinder but outside the sphere are the same as the areas of the slices of the double-naped cone (and applying Cavalieri’s Principle). This almost magical fact about slices is a manifestation of Pythagorean Theorem. We see it at work in Part 6 of this task. The other parts of the task are exercises in 3D-visualization, which build up the spatial sense necessary to work on Part 6 with understanding. The visualization required here is used in calculus, in connection with procedures for calculating volumes by various slicing procedures

	Apply geometric concepts in modeling situations

	G.MG.1
	Ice Cream Cone Task 
http://illustrativemathematics.org/illustrations/414

	This rich task is an excellent example of geometric concepts in a modeling situation and is accessible to all students. In this task, students will provide a sketch of a paper ice cream cone wrapper, use the sketch to develop a formula for the surface area of the wrapper, and estimate the maximum number of wrappers that could be cut from a rectangular piece of paper. In the interest of modeling, no dimensions for the ice cream cone are given, though one particular set of such dimensions is assumed in several parts of the solutions below. The expectation is for students to use actual ice cream cones and a ruler or tape measure to determine the dimensions of their ice cream cone. In the event that this is not possible, one plausible alternative is to give the students an example of actual measurements similar to those used in the solutions provided. If access to the internet is available, another option is to allow students to research the possible dimensions of an ice cream cone. 






Resources
This section contains links to materials that are intended to support content instruction in this unit.

	Standards Addressed
	Topic
	Link
	Notes

	G.GMD.1 
.

	Cavalieri's Principle

	http://education.ti.com/calculators/timath/US/Activities/Detail?id=12582&sa=5024

	This site provides is an exploration of Cavalieri’s principle for the TI-Inspire.

	G.GMD.1 
.

	Cavalieri's Principle

	http://www.cut-the-knot.org/Curriculum/Calculus/Cavalieri.shtml

	This site includes discussion about Cavalieri’s principle and an applet that can be manipulated to illustrate equality of areas.

	G.GMD.1 
.

	Cavalieri's Principle

	http://education.ti.com/xchange/US/Math/Geometry/12582/CavalierisPrinciple_Teacher.pdf
	This is site provides documents  and instructions for an exploration of Cavalieri’s principle using the TI-Inspire.

	G.GMD.3 

	Using volumes of cones and cylinders
	http://illustrativemathematics.org/illustrations/527

	The purpose of the task accessed by this link  is to analyze a plausible real-life scenario using a geometric model. The task requires knowledge of volume formulas for cylinders and cones, some geometric reasoning involving similar triangles, and pays attention to reasonable approximations and maintaining reasonable levels of accuracy throughout

	G.GMD.4

	Cross-Sections

	http://education.ti.com/calculators/timathnspired/US/Activities/Detail?sa=1008&t=1132&id=17247
	This site provides an applet allowing students to visualize cross- sections of different figures.

	G.GMD.4

	Cross-Sections

	http://illustrativemathematics.org/illustrations/512
	The task found at this link requires students to explore many cross-sections of a can of tennis balls. 

	G.GMD.4

	Cross-Sections

	http://www.math.com/school/subject3/lessons/S3U4L1GL.html

	The information found at this site may be used for students who need a very elementary introduction to the two-dimensional cross-sections of three-dimensional objects.  The material was not exactly designed with standard G.GMD.4 in mind but the material may be modified to meet the intent of this standard. 

	G.GMD.4

	Cross-Sections

	http://www.shodor.org/interactivate/activities/CrossSectionFlyer/

	This link takes you to an applet. This applet allows the user to explore cross-sections of various cones, cylinders, prisms, and pyramids. By changing the properties of the three-dimensional object and observing the different cross-sections, the user discovers new ways to create a variety of familiar shapes. Cross-sections are displayed on a familiar two-dimensional graph to the right of the three-dimensional figure. 

	G.GMD.4

	Cross-Sections

	http://illuminations.nctm.org/ActivityDetail.aspx?ID=195

		
	

	The activity at this site loosely addresses the first part of Standard G.GMD.4 by providing an interactive way to explore the two-dimensional cross-sections of a cone. 





	G.GMD.4
	Lesson on volumes created by revolving two-dimensional objects
	http://www.ltftraining.org/Portals/ltftraining/docs/_35%20GE%20Volumes%20of%20Revolution%20ccss.pdf
	This is a complete lesson about volumes created by revolving two-dimensional objects about a line.

	G.GMD.4
	Rotations of two-dimensional objects
	http://video.answers.com/how-to-transform-2d-figures-to-form-3d-figures-275615222

	This link provides access to a video which  discusses the three-dimensional figured formed by rotating a rectangle around its line of symmetry.

	G.GMD.3
	Using the formula for volume of a cylinder
	http://map.mathshell.org/materials/tasks.php?taskid=284&subpage=expert

	The task found at this link asks students to design a cylindrical drink can that uses the least aluminum for a given volume of drink. 


	G.GMD.3
G.GMD.4
G.MG.1
	Volume of a composite shape
	http://map.mathshell.org/materials/tasks.php?taskid=288#task288

	The task found at this link requires students to determine how the radius of a propane gas tank would need to change in order to double the tanks capacity.


	G.GMD.3
G.GMD.4
G.MG.1
	Volumes of various shapes
	http://map.mathshell.org/materials/tasks.php?taskid=259#task259
	The task found at this link requires students to find the volumes of different shaped drinking glasses.

	G.GMD.1
	Area of a Circle
	http://education.ti.com/calculators/timathnspired/US/Activities/Detail?sa=1008&t=1132&id=17245
	This link provides access to an activity for TI-Inspire that allows students to visualize cutting a circle into “pizza slices” and rearranging the slices to form a parallelogram.

	All standards 
	Link to Howard County’s Geometry Units
	https://commoncoregeometry.wikispaces.hcpss.org/Unit+3
	This site contains lesson plans covering the standards in this unit.

	Aligned to NCTM’s Geometry Standards
	Various lessons and activities relating to many geometry topics
	http://illuminations.nctm.org/Lessons.aspx

	Activities grade 9-12:  
· Conics Section Explorer
·  Computing Pi
Lessons grade 9-12:  
· Cutting Conics,
· Human Conics,
· Popcorn, Anyone?
·  Tetrahedral Kites

	G.GMD.4
	Cross-sections of three-dimensional objects
	http://www.shodor.org/interactivate/activities/CrossSectionFlyer/
http://www.shodor.org/interactivate/lessons/CrossSections/

	This link provides access to an interactive applet which demonstrates cross-sections of a variety of solids
and accompanying lesson.


	G.GMD.3
	Using volume formulas 
	http://mdk12.org/instruction/clg/lesson_plans/geometry/G2_E3_I2.html

Real World Activities Involving Volume, Surface Area, and Trigonometry
Surface Area and Volume of Similar Solids
	Maryland Geometry State Curriculum Indicator 2.3.2 Public Release Items and Lesson Plans.


	All Topics
	All standards
	http://www.ccsstoolbox.org/
	This links provides access to various resources aligned to the CCSS.  Check back periodically for new additions.

	All Topics
	All standards
	http://nsdl.org/commcore/math?id=HS.F

	The NSDL Math Common Core Collection contains digital learning objects that are related to specific Math Common Core State Standards. 

	All Topics
	All standards
	https://www.desmos.com/

	This link provides access to an online graphing calculator that has many different types of applications.

	All Topics
	All standards
	http://insidemathematics.org/index.php/high-school-geometry

	This link will take you to a collection of many different resources aligned to CCSS Geometry.  Check back periodically for new additions to the site. 

	All Topics
	All standards
	http://www.parcconline.org/samples/mathematics/high-school-mathematics

	This is a link to the PARCC Prototype items. Check this site periodically for new items and assessment information. 

	All Topics
	All standards
	http://www.parcconline.org/sites/parcc/files/PARCCMCFMathematicsNovember2012V3_FINAL.pdf

	This is a link to the PARCC Model Content Frameworks.  Pages 39 through 59 of the PARCC Model Content Frameworks provide valuable information about the standards and assessments. 




PARCC Components
Key Advances from Grades K–8 
According to the Partnership for Assessment of Readiness for College and Careers (PARCC), these standards highlight major steps in a
progression of increasing knowledge and skill. 

PARCC cited the following areas from which the study of the content in Geometry Unit 3 should progress:

· In grades K–8, students worked with a variety of geometric measures (length, area, volume, angle, surface area and circumference). In high school Geometry, students apply these component skills in tandem with others in the course of modeling tasks and other substantial applications (MP.4). 
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