8th Grade Mathematics:  Unit 5: Measurement and Geometry


Comprehensive Curriculum

Concept Correlation

Unit 5:  Measurement and Geometry

Time Frame:  4 Weeks

	Big Picture: (Taken from Unit Description and Student Understanding)
· Generalizations can be made to represent the relationship between area and volume.

· Selection of standard measurement tools and units depend on the real world situation.



	Guiding Questions
	Activities

Essential Activities are denoted with an asterisk
	GLE’s
	DOCUMENTATION

Documented GLEs
GLEs

Bloom’s Level
GLEs

Date and Method of Assessment

Determine the volume and surface area of prisms and cylinders (M-1-M) (G-7-M) (Evaluation)
17

Apply rate of change in real-life problems, including density, velocity, and international monetary conversions (M-1-M) (N-8-M) (M-6-M) (Analysis)
18

Demonstrate an intuitive sense of the relative sizes of common units of volume in relation to real-life applications and use this sense when estimating (M-2-M) (G-1-M) (Synthesis)

19

Identify and select appropriate units for measuring volume (M-3-M) (Analysis)

20

Compare and estimate measurements of volume and capacity within and between the U.S. and metric systems (M-4-M) (G-1-M) (Analysis)
21

Convert units of volume/capacity within systems for U.S. and metric units (M-5-M) (Evaluation)
22

Construct polyhedra using 2-dimensional patterns (nets) (G-4-M) (Analysis)
27

Model and explain the relationship between the dimensions of a rectangular prism and its volume (i.e., how scale change in linear dimension(s) affects volume) (G-5-M) (Evaluation)
32

Graph solutions to real-life problems on the coordinate plane (G-6-M) (Analysis)
33

Illustrate patterns of change in dimension(s) and corresponding changes in volumes of rectangular solids (P-3-M) (Analysis)
48

Reflections: 



	Concept 1:  Constructing Polyhedra

19. Can students draw and use planar nets to construct polyhedra, noting the relationships of sides, edges, and vertices?
	*Activity 62: Netting the Cubes!

GQ 19
	27
	

	
	Activity 63: The Net!

GQ 19
	27, 31
	

	Concept 2:   Calculating Volume and Surface Areas

20. Can students describe the nature of surface area, volume, and capacity as measures of size?

21. Can students apply and interpret the results of surface area and volume considerations applied to prisms, cylinders, pyramids, and cones?

22. Can students make appropriate estimates of volume and capacity and use these in applications?


	*Activity 64:  Volume and Surface Area
GQ 20

	17
	

	
	*Activity 65:  Rectangular Prisms

GQ 21, 22

	17
	

	
	Activity 66:  Odd Volumes, is it Fair?

GQ 22

	17, 43
	

	
	*Activity 67:  Cylinders

GQ 20, 22

	17, 21
	

	
	Activity 68:  Pyramids and Cones

GQ 20, 22
	17
	

	Concept 3:   Analyzing Change in Volume and Surface Areas

20. Can students describe the nature of surface area, volume, and capacity as measures of size?

21. Can students apply and interpret the results of surface area and volume considerations applied to prisms, cylinders, pyramids, and cones?

22. Can students make appropriate estimates of volume and capacity and use these in applications?

23. Can students discuss the rate of change of velocity in terms of speed and direction?

24. Can students determine the effect of a change in linear scale on perimeter, area, and volume in similar figures?

	*Activity 69: Common Containers

GQ 20, 23
	17, 19, 20, 21, 22
	

	
	Activity 70: Comparing Cones

GQ 23
	17
	

	
	Activity 71: From Table to Graph to Conjecture

GQ 20, 21, 23
	2, 11, 13, 14, 16
	

	
	Activity 72: Volume of a Prism

GQ 20, 21, 22 
	17, 29
	

	
	*Activity 73:  Changing dimensions

GQ 21, 22

	17, 22, 32
	

	
	Activity 74: A Numberless Graph
GQ 23

	33
	

	
	*Activity 75: Box of Chocolates 

GQ 21, 22
	20, 32, 33
	

	
	*Activity 76:  Changing Volume?

GQ 22, 24
	18, 19, 32, 48
	


Unit 5 Concept 1: Constructing Polyhedra

GLEs

*Bolded GLEs are assessed in this unit. 

	27
	Construct polyhedra using 2-dimensional patterns (nets) (G-4-M) (Analysis)


	Guiding Questions:

19. Can students draw and use planar nets to construct polyhedra, noting the relationships of sides, edges, and vertices?

Key Concepts:
· Construct polyhedra from two dimensional shapes.
	Vocabulary:

· Edges

· Faces

· Nets

· One-Dimensional

· Polyhedra

· Prism

· Surface Area

· Three-Dimensional

· Two-Dimensional

· Vertices

· Volume

	Assessment Ideas:

· See end of Unit 5
Activity Specific Assessments: 

· Activity 62, 63

	Resources:

· Netting the Cubes Handout

· The Net (different nets)

· Centimeter Graph Paper

· Centimeter Cubes

· Tape

· Teacher-Made Supplemental Resources


Writing Strategies

 See the Teacher-Made Supplemental Resources for Daily Problems to use with journal writing.
Instructional Activities

Note: The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 62: Netting the Cubes! (LCC Unit 3 Activity 7) 

(GLE: 27)

Materials list:  snap cubes, 2 cm Grid BLM, scissors, pencils, paper, math learning log

Provide pairs of students with 2 cm Grid BLM.  Discuss as a class what they know about a cube (i.e., 6 faces, 8 vertices, 12 edges). Challenge the students to cut different connected patterns or nets to form a one unit cube from centimeter grid paper with no gaps or overlaps (gaps occur when there is a part of the cube not covered, and overlaps occur when the net folds on top of itself). Have students place patterns on the overhead, and give the students time to check that all patterns cut will fold into a cube. 
Have students take two cubes that the groups have formed and tape them together or use snap cubes if available. Challenge the students to cut a net that will fold into a 2 unit x 1 unit x 1 unit prism. Have students determine the number of faces, edges and vertices of this rectangular prism and compare the numbers to the 1 x 1 x 1 cube. Have them put nets on the overhead, and allow students to challenge any that are questionable. 
Have the students predict what a net will look like for a rectangular prism with dimensions of 3 units x 1 unit x 1 unit. Discuss how the number of faces or surface area is changing as cubes are added to the rectangular prism leaving two dimensions of 1 unit. (As the length increases by one unit, the surface area increases by four square units.) Challenge the students to cut a net for a rectangular prism with dimensions of  2 x 2 x 1 units. Discuss changes in the net for this rectangular prism as compared to the previously constructed prism.

SPAWN (view literacy strategy descriptions) is used to have students reflect on content.  There are different prompts defined in SPAWN  (S – students write with special powers to change an aspect of the topic; P – students write solutions to problems posed; A – students use unique viewpoint to explain; W – similar to S but the teacher presents the aspects that have changed; and N – students anticipate what happens next.) Have students record the SPAWN prompt in their math learning logs (view literacy strategy descriptions) and give them time to respond.  This prompt could be one using the ‘P’ or special Problem Solving prompt:  

We have been constructing nets to form different rectangular prisms.  I want you to determine how many square units a net for a rectangular prism with dimensions of 3 x 2 x 2 cubes would have and make a sketch of this net in your math log with dimensions labeled.  What do you think would have to be done to the net if cubes were added to the rectangular prism so that the dimensions became 3 x 3 x 2 units? 

Allow students time to share their responses with a partner or the class.  Students should listen for accuracy and logic.  

Assessment 

The student will respond to the prompt as a journal activity:  Will every rectangular prism have the same number of faces, vertices and edges? Explain.
Activity 63: The Net! (LCC Unit 3 Activity 8) 

(GLEs: 27, 31)

Materials list:  boxes from home, rulers, Rectangular Prism BLM, Triangular Prism BLM, Right-Triangular Prism BLM, tape, scissors, pencils, paper 

Using a shoe box from home and one other rectangular prism box, have students discuss the number and location of faces, vertices and edges. Have measurements of the boxes used for modeling written on the boxes and the board.  Lead a discussion about how measures are involved when finding surface area.  

Provide students with the Rectangular Prism BLM and have them fold and tape it together to form a rectangular prism. If time is a factor, have students cut out and tape together these nets at home the day before this activity begins.  Ask student to determine the number of faces, edges, and vertices. Have students find the area of one face of the prism.  Have students determine which other faces of the box would have the same area.  Have the students work in pairs to determine the surface area of the rectangular prism, and then discuss method(s) used. Have the students list methods used to find surface area on the board so that comparisons of methods can be made. Make comparisons of these methods and the formula used on the LEAP Reference Sheet.  

Next, provide students with the Triangular Prism BLM and have students construct the prism by appropriately folding and taping it together. Determine faces, edges, and vertices. Have students discuss shapes that make up each face of the triangular prism. Determine a method of finding the area of each face. Provide rulers for measuring lengths so that the groups can find the areas. The Triangular Prism BLM is an equilateral triangular prism.  Make sure the students realize that this is not a right triangle and that they have to find the height of the equilateral triangles.  These triangles are located at either end of the center rectangle region of the net and the students will discover that they can fold it in congruent parts to find the height of the triangles.  This is also a good time for a discussion about congruency.  

A Right Triangular Prism BLM has been included. Have students identify faces, edges, and vertices. Have students use the Pythagorean Theorem to determine the area of the right triangular ends of the prism as they find the surface area of the right-triangular prism.  Have students share methods by putting different methods on the board for discussion.

Extend this activity by having the students bring a box from home, which is cut so that the six faces are clearly distinguishable. Students should find the surface area of the box that they brought from home but keep the results secret.  Have students place their ‘nets’ on a table in the room.  Label these with letters and have the students rank the ‘nets’ from largest to smallest surface area without measuring.  Discuss results.
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Unit 5 Concept 2: Calculating Volume and Surface Areas 

GLEs

*Bolded GLEs are assessed in this unit. 

	17
	Determine the volume and surface area of prisms and cylinders (M-1-M) (G-7-M) (Evaluation)

	21
	Compare and estimate measurements of volume and capacity within and between the U.S. and metric systems (M-4-M) (G-1-M) (Analysis)

	43
	Use lists and tables to apply the concept of combinations to represent the number of possible ways a set of objects can be selected from a group (D-4-M) (Evaluation)


	Guiding Questions:

20. Can students describe the nature of surface area, volume, and capacity as measures of size?

21. Can students apply and interpret the results of surface area and volume considerations applied to prisms, cylinders, pyramids, and cones?

22. Can students make appropriate estimates of volume and capacity and use these in applications?

Key Concepts:
· Find volume and surface area of cylinders and rectangular solids (cube, rectangular prism) from a diagram. 

· Compare or order measurements within the same system (customary or metric), using any of the units.
	Vocabulary:

· Capacity

· Circumference

· Cone

· Conjecture

· Cubic

· Customary Measurement

· Cylinder

· Diameter

· Edges

· Faces

· Metric Measurement

· Net

· Pi

· Prism

· Pyramid

· Radius

· Rectangular Solid / Rectangular Prism

· Surface Area

· Vertices

· Volume 

	Assessment Ideas:

· See end of Unit 5
Activity Specific Assessments: 

· Activity 65, 66, 67

	Resources:

·  Inch Cubes or Centimeter Cubes

· Centimeter Graph Paper

· Volume & Surface Area Handout

· Rectangular Prisms Handout

· Rectangular Prism Constructed Response with rubric

· Odd Volumes, is it Fair Spinner

· Odd Volumes, is it Fair Handout

· Cylinders Handout

· CC Assessment Project w/ Rubric

· Paperclips

· Color Pencils or Markers

· 8 ½ x 11 Paper

· Compass

· Rice, Beans, or Corn Kernels

· Teacher-Made Supplemental Resources




Writing Strategies

 See the Teacher-Made Supplemental Resources for Daily Problems to use with journal writing.
Instructional Activities

Note: The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 64:  Volume and Surface Area (LCC Unit 4 Activity 1) 

(GLE:  17)

Materials List:  Volume and Surface Area BLM, 16 cubes for each pair of students, paper, pencil, calculators, math learning log

Give student pairs a given set of one-inch cubes or centimeter cubes and ask them to build all possible rectangular solids. Have students count the number of cubes to determine the volume of the solids and count the number of exposed faces to calculate the surface area of each solid built, recording information on the Volume and Surface Area BLM. Have students make sketches of the solids and label the dimensions of the rectangular prisms built. 

Have students repeat the exercise using a different number of cubes and record the information in the chart.

Ask students to study their findings and list their observations. Make sure observations include the relationship of the surface area and the shape of the rectangular solid (i.e. the closer to the shape of a cube, the smaller the surface area). 

Have students respond to the prompt in their math learning log (view literacy strategy descriptions).
Measurements of rectangular solids can be linear, square and cubic units.  These units refer to . . .’ 

*Activity 65:  Rectangular prisms (LCC Unit 4 Activity 2) 

(GLE:  17)

Materials List:  Volume and Surface Area BLM (from Activity 64), cm Grid BLM, LEAP Reference Sheet BLM, scissors, tape, pencil, paper, colored pencils or markers

Have each student refer to the Volume and Surface Area BLM used in Activity 64. Review observations made with shapes formed in Activity 64. Have each student construct a net for a one-centimeter cube from centimeter grid paper, fold the net to form a cube, and tape the cube to hold its shape. Ask students to make and record a prediction as to how many of these one centimeter cubes it will take to make a cube with dimensions of 2 cm x 2 cm x 2 cm.  Have them work in groups of four to make enough centiemter cubes to form the 2 cm x 2 cm x 2 cm cube. Discuss the concept that the number of centimeter cubes that it takes to make a 2 cm x 2 cm x 2 cm cube is the volume of the new cube and is recorded as cm3 . 

Distribute the LEAP Reference Sheet BLM and have groups of four use their centimeter cubes and make all connection between the formula for volume as stated on the LEAP Reference Sheet BLM and the 2 cm x 2 cm x 2 cm cube that they formed. Discuss the dimensions of the cube, the concept that three edges meet at a vertex of a cube and that there are 8 vertices. Each edge is a dimenision and there are 12 edges in the cube. 

Have students construct a net 3 cm x 3 cm x 3 cm cube. Have students predict how many of the centimeter cubes would fit inside of a 3 cm x 3 cm x 3 cm cube. Have studetns fold their net into a cube and again relate the volume to the formula on the LEAP Reference Sheet. Ask, How many cubic centimeter blocks would fit into a 4 x 4 x 4 cube? Have students state the rule to use for finding volume of a rectangular prism and make sure the students are relating the number of cubic units needed to form the cube to the vollume and are recording answers in cubic units as they multiply length, width, and height.

As an extension, have students determine the surface areas of the 2 cm, 3 cm, and 4 cm cubes to help with understanding the difference between surface area and volume. 

Use the SQPL strategy (view literacy strategy descriptions) to challenge the students to further explore volume measurements.  Put the following statement on the board or overhead for students to read:  “It would take more than 10,000 one inch cubes to fill a cube that is 8 ft on each side.”  Have students work with a partner and brainstorm 2-3 questions that would have to be answered to prove or disprove the statement.  As a whole class have each pair of students present one of their questions and write this question on chart paper or the board.  Give the class time to read each of the questions presented.  Give pairs of students time to select the ideas that they would use to prove or disprove the statement.  It is important that the students understand that when changing units of volume, all three dimensions have to be changed.
Using the professor-know-it-all strategy (view literacy strategy descriptions), have different pairs of students explain their proof and answer questions from the class.  Using this strategy, the teacher randomly selects pairs of students, not volunteers.
Have the students construct and cut out a net for a rectangular prism with dimensions of 1 cm x 2 cm x 2 cm. Ask students to determine the number of cubic centimeter blocks that will fit inside of the rectangular prism. Ask the students what this is called (volume). Have students fold their net to form a rectangular prism. Ask someone to show the class the three dimensions of the rectangular prism. Challenge students to find the surface area of the prism. 

Have students mark the edges, vertices and faces with colored pencils or markers. Instruct students to work in their groups to find a rule for determining the number of centimeter cubes that will fit into a rectangular prism (volume). Discuss conjectures that students make. Use the LEAP Reference Sheet BLM, and have the students explain how the formulas for volume and surface area of a rectangular prism relate to the models they have built in Activities 74 and 75 of this unit. Challenge groups to test their conjectures. 
	Assessment

The students will work in small groups to prepare presentations to prove the groups’ conjectures or rules on how to find volume of a rectangular prism to the class.

Solution:  The student should determine through these constructions that the volume of a rectangular prism can be found by multiplying the dimensions together and that the unit is cubed.


Activity 66:  Odd Volumes, is it Fair? (LCC Unit 4 Activity 4) 

(GLEs: 17, 43)

Materials List:  Spinner BLM, math learning log, paper, pencil 

Distribute the Spinner BLM and have students use a paper clip held in the center of the circle with their pencil point, so the paper clip can spin around the tip of the pencil, as a spinner. Model for the students how they will spin the spinner three different times, gathering the three dimensions of a rectangular prism, then have them discuss how these numbers can be used to find the volume. Have students work in pairs to collect data and record the spins as dimensions of rectangular prisms.  Have students complete the table at the bottom of the Spinner BLM recording their spins under the headings of length, width, height, and volume.  Instruct students to spin three times and record each of the three spins as a dimension of a rectangular prism. Ask students to recall how the volume of a rectangular prism is determined (lwh). 

Instruct students to determine the volume of each rectangular prism. Player 1 gets a point if the volume is odd, and Player 2 gets a point if the volume is even. Have students continue to spin until each has determined the volumes of 5 rectangular prisms. Once the students have gone through the activity, challenge them to determine the number of possible combinations of odd and even volumes using a chart or table. Discuss as a class whether the rules of the game were fair. Have students record their thinking about whether the game is fair or not in their math learning log (view literacy strategy descriptions).
	Assessment

The student will construct a cylinder that will hold three tennis balls. The student will be given a tennis ball to use to gather the measurements. If enough tennis balls are not available, the measurements are -- diameter about 6.5 cm and circumference about 20.5 cm. After the cylinders are completed, the student will compare his/her container dimensions to the dimensions of an actual tennis ball can. The student will give the volume and surface area of the cylinder.
Solution:  The circumference of the cylinder should be about 20.5 cm and the height of the can should be 
[image: image1.wmf]3×6.5 cm

or about 19.5 cm. The volume is about 63.375 cm3 and the surface area is about 409.955 cm2  


*Activity 67:  Cylinders (LCC Unit 4 Activity 5) 

(GLEs: 17, 21)

Materials List: LEAP Reference Sheet BLM, pencil, paper, math learning log, compass, ruler

SPAWN writing (view literacy strategy descriptions) is an informal writing with students responding to a given prompt. Begin by explaining to the students that they will reflect on what they know about volume and surface area using the ‘P” or Problem Solving of SPAWN writing. Write the following prompt on the board: 

We have been studying volume and surface area of rectangular prisms and cubes.  What measurements will be necessary when finding the volume of a cylinder? 

Ask students to record their thoughts in their math learning logs (view literacy strategy descriptions).  This is informal SPAWN writing and should not be taken as a grade. It is important that the students know the importance of communicating mathematically (give points for completion if necessary). Use the students’ SPAWN writing responses for whole class discussion. 
Have students create a cylinder from standard 
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 inch x 11 inch paper. Engage the class in a discussion about how to make a cylinder with a circumference of 
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 inches without cutting or tearing the paper. Have students roll paper to form a cylinder shape. Ask what the height of this cylinder would be. (The height of the cylinder will be 11 inches). Ask the students to predict whether the cylinder with a circumference of 
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 inches or the cylinder with a circumference of 11 inches made from this sheet of paper without cutting would have the larger volume. Have a student explain how to make circles that will fit the ends of the cylinder, using a compass. 

Show students the circles formed when the paper is rolled. Ask them again what the circumferences of the circles are and how they know. (The circumference is formed by the side of the sheet of paper which is 8½ inches long.)  Ask students if they remember the formula for the circumference of the circle.  Then ask how they can find the diameter if the circumference is known. This is a good time to use the LEAP Reference Sheet BLM and have them substitute values into the circumference formula to find the diameter of the cylinder using 3.14 for pi.
Remind students that the formula for the circumference of the circle is (diameter) ( (pi) and that they should divide the circumference by pi (use 3.14) to get an estimated diameter. Once the diameter’s length is determined, have students use a ruler and a compass to measure the radius needed to construct the circles for the cylinder.  Have the students draw circles with their compasses and cut them out with scissors. Before the cylinder is assembled, have students determine the surface area of the cylinder. After the cylinder is assembled, have students determine its volume using the formula on the LEAP Reference Sheet. Have students take out their SPAWN writing notes and read them.  Students should make any additions or deletions needed after constructing the cylinder and using the formula.

Have them use their compasses to determine the radius of their circle and then double that value to find the diameter. Before the cylinder is assembled, have students determine the surface area. After the cylinder is assembled, have students determine its volume. Next, have students create a cylinder that has a specified surface area. Extend this by asking the students to create a cylinder with a specified volume. 

Have students determine volumes and surface areas by measuring cylinders with U.S. system units and then repeat the activity using metric measures. Have students make a table of the surface area dimensions given in metric and put the U.S. measurements in the column beside the metric units for comparison. Have students make observations of the comparisons. (See Teacher-Made Supplemental Resources) 


Activity 68:  Pyramids and Cones (LCC Unit 4 Activity 6) 

(GLE:  17)

Materials List:  Volume Comparison of Pyramids and Rectangular Prisms BLM, Models of Rectangular Prism and Pyramid BLM, Models of Cylinder and Cone BLM, scissors, tape, paper, pencil, rice, beans or un-popped popcorn
Have the students explore only cones and pyramids at this level. (At this grade, the concepts are explored, but not mastered.) Have students research the use of pyramids as buildings. Some possible websites for research are  

www.pbs.org/wgbh/nova/pyramid/
http://interoz.com/egypt/construction/construc.htm
www.maya-archaeology.org/ 

Have students include The Pyramid Arena located in Memphis, TN and the Great Pyramids of Egypt in their research. Once students have gained an understanding of what a pyramid is, have them determine the surface area and volume of some of these structures by making paper models. Instruct students to make a square bottom with a 4 cm base and then create four isosceles triangles with a base of 4 cm and a height of 6 cm. Next, have students create a rectangular prism in which the pyramid will fit (it will be close to a 4 cm x 4 cm x 6 cm rectangular prism). Have students compare the volume of the pyramid with the volume of the rectangular prism by using beans, rice, or unpopped corn. (The pyramid should be about 
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 the volume of the rectangular prism). 

Distribute the Volume Comparison of Pyramids and Rectangular Prisms BLM and the Model for Rectangular Prism and Pyramid BLM.  Have students work with a partner to construct the models and complete the chart.  The chart leads the students to discover the conjecture that the volume of the pyramid is 
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the volume of the rectangular prisms.

Next, have students find examples of cones used in everyday life and determine the surface areas and volumes for some of the examples. Since the students have previously created a cylinder with an 
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 inch by 11 inch sheet of paper and discussed the circumference, have them create a cone that has the same circumference and height. Have them compare the volumes of the cone and the cylinder by filling the cone with rice (beans, corn kernels) and pouring it into the cylinder until the cylinder is filled.

Have students work in groups of four to make a graphic organizer (view literacy strategy descriptions) comparing the relationship of the cone to the cylinder, and the rectangular prism to the pyramid.  Have student groups share their findings using the professor-know-it-all (view literacy strategy descriptions) strategy, selecting two or three groups of students as the professor.
Modification:  Use Mini Lab in the Glencoe 8th grade math text book on page 342, 7-6 to take the place of this activity.

(See Teacher-Made Supplemental Resources)

Unit 5 Concept 3: Analyzing Change in Volume and Surface Areas 

GLEs

*Bolded GLEs are assessed in this unit. 

	2
	Use whole number exponents (0-3) in problem-solving contexts (N-1-M) (N-5-M) (Analysis)

	11
	Translate real-life situations that can be modeled by linear or exponential relationships to algebraic expressions, equations, and inequalities (A-1-M) (A-4-M) (A-5-M) (Synthesis)

	13
	Switch between functions represented as tables, equations, graphs, and verbal representations, with and without technology (A-3-M) (P-2-M) (A-4-M) (Synthesis)

	14
	Construct a table of x- and y-values satisfying a linear equation and construct a graph of the line on the coordinate plane (A-3-M) (A-2-M) (Synthesis)

	16
	Explain and formulate generalizations about how a change in one variable results in a change in another variable (A-4-M) (Analysis)

	17
	Determine the volume and surface area of prisms and cylinders (M-1-M) (G-7-M) (Evaluation)

	18
	Apply rate of change in real-life problems, including density, velocity, and international monetary conversions (M-1-M) (N-8-M) (M-6-M) (Analysis)

	19
	Demonstrate an intuitive sense of the relative sizes of common units of volume in relation to real-life applications and use this sense when estimating (M-2-M) (G-1-M) (Synthesis)

	20
	Identify and select appropriate units for measuring volume (M-3-M) (Analysis)

	21
	Compare and estimate measurements of volume and capacity within and between the U.S. and metric systems (M-4-M) (G-1-M) (Analysis)

	22
	Convert units of volume/capacity within systems for U.S. and metric units (M-5-M) (Evaluation)

	29
	Solve problems involving lengths of sides of similar triangles (G-5-M) (A-5-M) (Analysis)

	32
	Model and explain the relationship between the dimensions of a rectangular prism and its volume (i.e., how scale change in linear dimension(s) affects volume) (G-5-M) (Evaluation)

	33
	Graph solutions to real-life problems on the coordinate plane (G-6-M) (Analysis)

	48
	Illustrate patterns of change in dimension(s) and corresponding changes in volumes of rectangular solids (P-3-M) (Analysis)


	Guiding Questions:

20. Can students describe the nature of surface area, volume, and capacity as measures of size?

21. Can students apply and interpret the results of surface area and volume considerations applied to prisms, cylinders, pyramids, and cones?

22. Can students make appropriate estimates of volume and capacity and use these in applications?

23. Can students discuss the rate of change of velocity in terms of speed and direction?

24. Can students determine the effect of a change in linear scale on perimeter, area, and volume in similar figures? 

Key Concepts:
· Find volume and surface area of cylinders and rectangular solids (cube, rectangular prism) from a diagram. 

· Compare approximate relationships of units across systems (customary and metric) in terms of intuitive reference points, not formal computation. 

· Compare or order measurements within the same system (customary or metric), using any of the units. 

· Graph on the coordinate plane to represent real-world problems, including graphing ordered pairs in all four quadrants. 

· Illustrate patterns of changes in the lengths of the side(s) and corresponding volumes of rectangular solids.
	Vocabulary:

· Capacity

· Circumference

· Cone

· Conjecture

· Cubic

· Customary Measurement

· Cylinder

· Diameter

· Edges

· Faces

· Metric Measurement

· Net

· Pi

· Prism

· Pyramid

· Radius

· Rectangular Solid / Rectangular Prism

· Surface Area

· Vertices

· Volume

	Assessment Ideas:

· See end of Unit 5
Activity Specific Assessments: 

· Activity 69, 70, 76

	Resources:

· Rulers

· Comparing Cones Handout & Cone template

· Volume of a Prism Handout

· Changing Dimensions Handout

· Activity 5 Handout

· Changing Volume Handout

· Rectangular Solids

· Cylinders

· Graph Paper

· Teacher-Made Supplemental Resources




Instructional Activities

Note: The essential activities are denoted by an asterisk and are key to the development of student understandings of each concept.  Any activities that are substituted for essential activities must cover the same GLEs to the same Bloom’s level.

*Activity 69: Common Containers (LCC Unit 4 Activity 8) 

(GLEs: 17, 19, 20, 21, 22)

Materials List:  Common Containers BLM, LEAP Reference Sheet BLM, 6 containers (boxes from cereal, cans, etc) with measurement labels removed for each group, ruler, tape measure, pencil, paper

Provide student pairs with several common containers (rectangular solids and cylinders) found in the grocery or hard ware store (with the labels removed or volume information covered) and a copy of the Common Containers BLM. Label the containers with numbers or letters. If the labels have information relative to volume in cubic units, save the labels for later use and mark the labels with the same letter as the container. Have students estimate the volume of each container, record this in the correct column on the Common Containers BLM, and arrange the containers in order from smallest to largest. 

Once the students have estimated the volumes, provide measuring instruments and have students determine the volume of each container using U.S. units and record the volume on the Common Containers BLM. Remind the students that the formulas needed are found on their LEAP Reference Sheet BLM. It would be a good idea to have students first write the formula, show substitution of values so that use of correct values can be determined if an error is found, and then give the answer.  Make sure students give the correct unit on their answers.

Finally, have students repeat the process using a metric measurement tool. 

Lead a discussion comparing measurement between systems. Once the volumes of the containers have been determined, have students convert their answers to another unit in the same system (e.g., convert from cubic inches to cubic feet and vice versa—include conversions with metric units, also). If there were labels which had volume written in cubic units, then allow students to compare their results with the information provided on the labels

Repeat the activity with larger containers. For example, show a picture of a silo to the students. Explain to them that silos have been used for many years to store grain. Provide the dimensions of a silo and have students determine its volume. Repeat, using a cylindrical underground gasoline holding tank. Have students determine the amount of gasoline one such container holds. Buildings can also be used as examples. The Superdome is in a cylindrical shape with a domed roof. Find the actual dimensions of the Superdome at www.superdome.com. Go to the About Us section and scroll down to the table of facts. Assuming the roof is flat, have students approximate the volume of the Superdome. 

A basketball gym is typically a rectangular solid. Have students determine the volume of their school’s gym. In each case, have students express their answers in both U.S. and metric units. Discuss selecting appropriate units for measuring volume and capacity.


Activity 70: Comparing Cones: (LCC Unit 4 Activity 7) 

(GLE: 17)

Materials List:  Comparing Cones BLM, Model for Cone BLM, pencil, paper, ruler

Distribute the Comparing Cones BLM and the Model for Cone BLM.  Have students cut out the circle leaving the points so that they can use them for the activity.  

Have students cut along the radius and form a cone by moving point L so that it lies on top of point A. Instruct students to measure the diameter, circumference, and height of the cone and to record the measures in the Comparing Cones BLM. Have students calculate the volume of the cone. Next, have students form a second cone by sliding point L so that it lies on top of point B. Each time a new sized cone is formed, have students record the diameter, circumference and height. After the students have completed forming cones by moving point L to at least 5 different locations, have them find the volume of each of the cones and develop a conjecture about how the change in circumference affects the volume in their math learning log (view literacy strategy descriptions).
	Assessment

The student will determine the volume of several containers in both U.S. and metric units.


Activity 71: From Table to Graph to Conjecture (LCC Unit 5 Activity 3) 

(GLEs: 2, 11, 13, 14, 16)
Materials List:  Circles and Patterns BLM, Grid BLM, pencils, paper

Have students create a table of values for the area of a circle using Circles and Patterns BLM. Have students complete the table for circles with radii of 1 through 5 units. Have students plot the ordered pairs
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 on the Grid BLM and compare the formula for finding the area of a circle with the graph of the points from the table of points. Have students make observations about the shape of the graph (linear or non linear). Lead students to make a conjecture about the effects of doubling, tripling, etc., the radius on the area of the circle by examining the table of values and the graph. Have students share their conjectures and justify their reasoning as to why they think their conjectures are true using the professor know-it-all strategy (view literacy strategy descriptions). Select students at random to share their thinking and justify their reasoning as to why their conjectures are true. Discuss the shape of the graph and whether the relationship is linear or not. (See Teacher-Made Supplemental Resources)
Activity 72: Volume of a Prism (CC Activity 13) 

(GLEs: 17, 29)
Have student pairs create a rectangular prism using grid paper. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


A model of a rectangular prism is on the right. Discuss volume. Have students determine the volume and surface area of their rectangular prism. Next, have them use the prism to write a rule for finding the volume of any rectangular prism. Have students create a second prism that is similar to this one using a scale factor of ½ and explore the effects the changes in the dimensions have on the volume. Have the students construct a third rectangular prism similar to the original rectangular prism using a scale factor of 2. Lead a discussion about the rate of change of volume with respect to (1) the changes made in the dimensions and (2) the effects on the volume and surface area. To extend the activity, have students repeat this activity using other types of prisms, including triangular, hexagonal prisms and pentagonal prisms. (See Teacher-Made Supplemental Resources)

*Activity 73:  Changing dimensions (LCC Unit 4 Activity 16) 

(GLEs: 17, 22, 32)

Materials List:  paper, pencil

Have the students justify the most efficient and cost-wise method of packaging 24 pieces of 1 inch cube chocolates for a Christmas box of candy. Students should determine all possible dimensions for the box and which dimensions will give the most cost-efficient package. The cardboard that will be used is coated with red metallic foil and costs $.68 per square inch. Have students present their data in a table with the possible dimensions of the boxes that can be used to pack the 24 candies with no wasted space. Have them justify their decision of the best dimensions for the box with the cost differences a part of their justification. Instruct students to give the dimensions of their box in feet and inches and volume of their box in cubic inches and cubic feet. (See Teacher-Made Supplemental Resources)

Activity 74: A Numberless Graph (LCC Unit 3 Activity 13)

(GLE: 33)

Materials list:  paper, pencil

Have students draw x-and y-axes and illustrate the situations below in quadrant I of a coordinate plane. 

· Label the x-axis, height, and the y-axis, weight. Place points A and B so that the person represented by point B is taller and heavier than the person represented by point A.
· Label the x-axis, size, and the y-axis, price. Place points A and B so that the object represented by point A is larger than the object represented by point B and the object represented by point B costs less the object represented by point A.
· Label the x-axis age, and the-y axis speed. Place points A and B so that the person represented by point B is the youngest and the person represented by point A is the fastest.
*Activity 75: Box of Chocolates (LCC Unit 4 Activity 17) 

(GLEs: 20, 32, 33)

Materials List: paper, pencil, graph paper

Provide the students with the following situation to respond to in their math learning log (view literacy strategy descriptions).  

:  

Demetria is planning to make boxes for candy at Christmas. She wants to compare the effect of increasing the height and leaving the surface area of the base the same as it affects the volume. She decided that the base of her box would be a three-inch square, and she would make a table to compare the change that the height has on the volume. Demetria needs a box that will hold 135 in3. Determine the dimensions that she will need to use. Would the volume of this rectangular prism be more accurately reported in cubic feet? Explain. 

Have students complete a table like the one below and determine how changes in the height of an object affect the volume.  Ask if the resulting values for volume are linear or non-linear. 
	Surface area of the base
	Height (inches)
	Volume (in3)

	9 in2
	1
	

	9 in2
	2
	

	9 in2
	3
	

	9 in2
	
	

	9 in2
	
	

	9 in2
	
	


Have students plot the height and volume of the box with a base of 9 in². Next, have students calculate the cost of the box needed, plotting the height and volume on a coordinate grid to verify their prediction. 

. 

Have students make a list of different items that would be rectangular prisms and determine whether the volume would be best recorded as cubic inches or cubic feet.

 (See Teacher-Made Supplemental Resources)

*Activity 76:  Changing Volume? (LCC Unit 4 Activity 10) 

(GLEs: 18, 19, 32, 48)

Materials List: cubes, Changing Volumes BLM, Real Life Volume Situations BLM, paper, pencil 

Draw a picture of a rectangle on the board and label with dimensions.  Have students find the area of the rectangle making sure that they give answers with correct units.  Have students draw a diagram showing that the length of one side of the rectangle is doubled and have them calculate the area of the new rectangle.  Have the students draw another rectangle with the length of the original rectangle tripled and then find the area.  Ask students how changing one dimension affected the area. Students should see that doubling one dimension of the rectangle doubles the area, or tripling one dimension triples the area. 

Next, have the students take the original rectangle and multiply one side by 2 and the second side by 3 and calculate the new area.  Ask students how the new area compares to the original area.  They should see that the new area is 6 times as great as the original. Provide a few more examples of this type.  Lead students to the conclusion that the product of the factors used when changing the dimensions of the rectangle is the factor that should be used to multiply by the original area to determine the area of the new rectangle.
Begin the next part of the activity by having the students make predictions as to how changing one, two or three dimensions of a rectangular prism will affect the volume of the prism.  Give students time to make predictions in their math learning log (view literacy strategy descriptions). Next, have students explore the change in volume when changes are made in one, two, or three linear dimensions of a rectangular prism to test their predictions.

 Distribute Changing Volumes BLM. Give student pairs a supply of cubes. Have students build a rectangular solid that is 4 units long, 3 units wide, and 2 units tall and determine its volume. Instruct students to record the volume in Part 1 of the table on the Changing Volume BLM. Ask students to brainstorm (view literacy strategy descriptions) what objects might fit into a container with these dimensions. Next, have students double the width of the solid to 6 units, but keep the original length and height. Record the dimensions and volume in the table. Have students compare the volume of the new solid with that of the old. Have students predict what objects might fit into containers with these dimensions. 

Have the students work in pairs to complete Part 2 of the volume explorations on the Changing Volume BLM. Have students record their dimensions of a cube with a volume of 8 cubic units. As they work through the BLM, students will double one dimension, two dimensions and then all three dimensions of the cube. They are then given the volume of another cube and asked to find its dimensions and will repeat the same process of changing the dimensions as described above. When Part 2 is completed, students are asked to describe the effect of the side lengths on the volume (i.e., how one can calculate the new volume if the old volume and the dimension change are known). Explain to the class that Part 3 of the Changing Volume BLM involves increasing fractional dimensions. Challenge the students to complete this part of the BLM working with a partner.

Reciprocal teaching (view literacy strategy descriptions) is a strategy in which the teacher models and the students use summarizing, questioning, clarifying, and predicting to better understand content text. Divide the class into groups and have one group explain the result when doubling one dimension, another group two dimensions, and the third group all three dimensions.  The students should justify their conjectures to using the information in their tables. Give student groups time to explain and justify their conjectures to the other two groups.  If there are two groups of students doing each conjecture, they might move from one group to the other so that each group has an opportunity to discuss conjectures of each scenario.     

As closure, have volunteers explain what happened in each case. Repeat this activity with rectangular solids of other dimensions. Lead a discussion about the rate of change in the volume compared to the other changes made.  Distribute the Real Life Volume Situations BLM to assess the student level of understanding of volume.   
	Assessment

The student will prepare a presentation with models of rectangular and triangular prisms that prove how doubling the dimensions affect the volume. The presentation will include measurements of prisms and an explanation of the method used to find the volume. The student will write his/her conjecture about the effect the changing of dimensions has on the volume of a prism.


	Assessment

The teacher will provide the student with two similar solids. The student will measure dimensions and find the volume of one solid, determine the scale factor, and use the scale factor to help calculate the volume of the other solid.


Unit 5 Assessment Options

General Assessment Guidelines

· The student will prepare a proposal for a new playground for the children at the elementary school. The proposal should include a scale model of the playground proposed and an explanation of the geometry terms and shapes that are required. It must include a piece of equipment with a cone, cylinder, and a rectangular prism as part of the design. The proposal should give the scale that was used and the actual size of the different equipment. The same scale should be used for all pieces of equipment. The student will find examples of vertical angles, corresponding angles, supplementary and/or complementary angles and perpendicular and parallel lines on the playground models. These examples should be marked with a marker and identified within the proposal.

· The student will prepare a presentation with models of rectangular and triangular prisms that prove how doubling the dimensions affect the volume. The presentation will include measurements of prisms and an explanation of the method used to find the volume. The student will write his/her conjecture about the effect the changing of dimensions has on the volume of a prism.
· The student will prepare a brochure comparing US and metric volume measurement, using pictures of objects and listing a US volume measure and an approximate metric volume measurement or a metric volume measurement and an approximate US volume measure.
· The teacher will provide the student with a set of rectangular solids. The student will measure dimensions and find the volumes. 

· The teacher will provide the student with two similar solids. The student will measure dimensions and find the volume of one solid, determine the scale factor, and use the scale factor to help calculate the volume of the other solid.
· Whenever possible, the teacher will create extensions to an activity by increasing the difficulty or by asking “what if” questions.
· The student will create portfolios containing samples of experiments and activities.
Activity-Specific Assessments

· Concept 1: Activity 62, 63
· Concept 2: Activity 65, 66, 67
· Concept 3: Activity 69, 70, 76
Name/School_________________________________
Unit No.:______________

Grade            ________________________________
Unit Name:________________

Feedback Form

This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).

Assessment


Provide a journal prompt such as: Will every rectangular prism have the same number of faces, vertices and edges? Explain.





Assessment


The student will construct a cylinder that will hold three tennis balls. The student will be given a tennis ball to use to gather the measurements. If enough tennis balls are not available, the 	measurements are -- diameter about 6.5 cm and circumference about 20.5 cm. After the cylinders are completed, the student will compare his/her container dimensions to the dimensions of an actual tennis ball can. The student will give the volume and surface area of the cylinder.


Solution:  The circumference of the cylinder should be about 20.5 cm and the height of the can should be � EMBED Equation.DSMT4  ���or about 19.5 cm. The volume is about 63.375 cm3 and the surface area is about 409.955 cm2  








Assessment


The student will measure dimensions and determine the volume of several containers (at least 5) in both U.S. and metric units, recording measurement of volume and surface area in both systems.
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