Unit Overview

Exploring Surface Area and Solids, 6th Grade Mathematics 

Georgia Performance Standards

Standard: M6G2. Students will further develop their understanding of solid figures.

Parts of this standard that relate to this unit:


c. Interpret and sketch front, back, top, bottom, and side views of solid figures.


d. Construct nets for prisms, cylinders, pyramids, and cones.

Standard: M6M4. Students will determine the surface area of solid figures (right rectangular prisms and cylinders).

a. Find the surface area of a right rectangular prism and cylinder using manipulatives and constructing nets.

b. Compute the surface area of a right rectangular prism and cylinder using formulae.

c. Estimate the surface area of a simple geometric solid.

d. Solve application problems involving surface area of right rectangular prisms and cylinders.

NCTM Standards for 6-8th Grades:

Geometry Standard. 

· Use visualization, spatial reasoning, and geometric modeling to solve problems.

· Expectations. Use two-dimensional representations of three-dimensional objects to visualize and solve problems such as those involving surface area and volume;

· Recognize and apply geometric ideas and relationships in areas outside the mathematics classroom, such as art, science, and everyday life.

Key Knowledge and Skills Students Will Acquire 

Students will know . . . 

· The characteristics of simple geometric solids, including right rectangular prisms and     cylinders

· The concept of surface area and the units of measurement used 

· Examples of models and ways to create their own manipulatives and nets 

· Strategies for using models to find the surface area of right rectangular prisms and cylinders 

· Surface area formulas for right rectangular prisms and cylinders 

· Strategies for estimating the surface area of simple geometric solids

· Real-life applications involving surface area problems

Students will be able to . . . 

· Construct their own models for use in solving problems

· Explain and show how models (including manipulatives and nets) are used to find surface area 

· Calculate the exact surface area of right rectangular prisms and cylinders with models and with formulas

· Estimate the surface area of simple geometric solids

· Solve real-life problems involving surface area 

· Reflect on the processes used in solving surface area problems

Exploring Surface Area and Solids

  Lesson Plan, Days 1 and 2

Grade: 6th 

Subject: Mathematics






 




Time Length: 2 days

Objectives:

1. Students will be able to use manipulatives to explore the concept of area.

2. Students will be able to use nonstandard and standard units to investigate the area of various shapes.

Materials, Resources, and Technology Needed:

White board and dry erase markers

Using Pattern Blocks to Understand Area handout

A set of pattern blocks for each student
Background Notes to Teacher:

· Students will already know the characteristics of various two-dimensional shapes and the standard units of measurement used to calculate one-dimensional aspects of these shapes, such as length and width. They will be familiar with the differences between the U.S. Customary System and the Metric System. 
Introduction to Lesson: 
· Tell students that in this lesson they will explore the concept of area and be able to explain what the surface area of an object really means.

· Pique students’ interests with the following thought-provoking questions:

1. When have you heard the term “area” or “surface area” before? 

2. What do you think these terms mean? 

3. What are some examples of when you might have to find the area of a shape in real-life?

· Call on a few students to share their ideas and answers to these questions. Tell students that they should be thinking more about these questions as they do today’s activity.  

Activity 1 Procedures 
· Have a few volunteers help to pass out a set of pattern blocks to each student. 

· Pass out the handout called Using Pattern Blocks to Understand Area.

· Stress that through this activity students will discover how they can use pattern blocks to explore the concept of surface area.

· Point out that students must carefully read the directions to each question because they have to make sure that they are covering the shapes without any gaps or overlaps.

Questions Related to the Activity 
· Go over the answers to each question on the handout by asking students to come up to the board and explain their reasoning to the class. Have them draw pictures on the board as well.

· Ask, “Did the number of triangles that it took to cover the hexagon differ from the number of rhombuses that it took to cover the hexagon? Why?”

· Point out that covering the same shape with different types of pattern blocks changes the total number of blocks that it will take to cover the shape. Ask students to explain why it takes more triangles but fewer rhombuses to cover the hexagon.

· Ask, “How many trapezoids would it take to cover the hexagon? Is this number greater or less than the number of rhombuses? Explain.”

Activity 2 Procedures
· Now, ask, “Do you think it would be easy to measure the surface area of a rectangular floor with triangles like the ones we used? What about with trapezoids? Explain.”

· Ask, “What are some units that are more commonly used to measure the surface area of rectangles or squares?” (Students might answer with cm2, in2, ft2, etc.)

· Have students take out one orange square from their set of pattern blocks. Explain that this square has a length of 1 inch and a width of 1 inch. Tell students that we call this one square inch and help them to see that it must therefore have an area of 1in2. 

· Ask, “Since you know that the area of the square pattern block is 1in2, how can you find the area of larger squares or rectangles formed out of these squares?

· Have students create different size squares or rectangles out of the orange 1-inch-by-1inch squares. 

· Tell them to draw these shapes on a piece of paper and to find their areas in square inches based on the fact that one square has an area of 1in2. Tell them that they should not be using any formulas for this activity even if they know some already. Make sure students know that there should not be any gaps or overlaps when they lay the squares down to cover their shapes.

· Have students come up to the board and draw a few examples to explain to the class. 

Closure 

· Tell students that in the last two days they focused on the concept of area as “how many objects it takes to cover” a given shape. Explain that in order to understand this idea they first studied how to use nonstandard units, such as the triangles and rhombuses in their set of pattern blocks. In the second activity, they then learned what 1 square inch really meant and how it could be used to find the area of rectangular shapes. Review that a square inch is an example of a standard unit of area and that it is more commonly used in the real world than the area of nonstandard units, such as the areas of triangles or trapezoids. Tell students that tomorrow they will learn more about how to find the area of rectangular shapes using different standards units, besides square inches, and will discover why a common area formula really works. 

Exploring Surface Area and Solids

   Lesson Plan, Days 3 and 4

Time Length: 2 days

Objectives:

1. Students will be able to use manipulatives and drawings to explain why the area formula for rectangles is valid.

Materials, Resources, and Technology Needed:

White board and dry erase markers

Overhead projector

Colored 1-centimeter-by-1-centimeter square tiles made for the overhead

Discovering the Areas of Rectangles handout for each pair of students

About 20 1-centimeter-by-1-centimeter square tiles for each pair of students

One sheet of centimeter grid paper for each pair of students
One sheet of half-centimeter grid paper for each pair of students
Scissors for each pair  
Introduction to Lesson: 
· Explain that today students will do activities using tiles and graph paper to explore the areas of different size rectangles. They will also gain experience working with different square units of measure by using centimeter and half-centimeter grid paper.    

Activity 1 Procedures 
· Have students work in pairs for this activity.

· Pass out a handful of 1-centimeter-by-1-centimeter square tiles to each pair.

· Pass out the handout called Discovering the Areas of Rectangles to each pair and tell students to use their tiles to help them answer the questions with their partners. 

Questions Related to the Activity 
· Ask for volunteers to come up to the overhead and use the square transparency tiles to show their answers to the questions on the handout.

· For questions 3 and 5, call on different students to take turns coming up to the overhead and showing the methods they used to show the areas of the rectangles.

· Ask, “How can we think of finding the area of the a rectangle in terms of groups with a certain number of squares in each group?” After hearing students’ comments, stress that the area of the rectangle in question number 2 can be found by thinking of 3 groups of 1-centimeter-by-1-centimeter squares with 5 of these squares in each group. Each group has an area of 1cm2 + 1cm2 + 1cm2 + 1cm2 + 1cm2  = 5cm2. Since there are 3 groups, the area of the rectangle is 3 * 5cm2 = 15cm2. In other words, help students see that the area of the rectangle can be found by multiplying the length (3 cm) by the width (5cm) to get (3*5)cm2 =  15cm2. 

· Explain the other ways that students could have found the area using similar procedures. For instance, they could have created a 1cm by 15 cm rectangle, which would still have an area of 15cm2.

· Explain how the area of the rectangle described in question number 4 can be found by multiplying the length and width of the rectangle as discussed above.

Activity 2 Procedures
· Now, pass out one sheet of centimeter grid paper and one sheet half-centimeter grid paper to each pair of students.
· Have them draw a rectangle with a length of 5 cm and a width of 4 cm on the centimeter grid paper. 
· Ask, “What is the area of this rectangle?” Call on students to explain their answers aloud.
· Have students cut out their 5cm-by-4cm rectangle and place it on top of the half-centimeter grid paper.
· Ask students to predict whether there would be more or less squares if the same rectangle were drawn on the half-centimeter grid paper.
· Tell students to test their prediction by tracing around the edges of the rectangle to create the same size rectangle on the half-centimeter grid paper. Ask them to count how many half-centimeter squares make up the rectangle. 
· Ask, “So, why did it take a greater number of squares to cover the rectangle using half-centimeter grid paper than it did when you used centimeter grid paper?”
· Ask, “Is the area of the rectangle you drew on the half-centimeter grid paper the same as the area of the rectangle you drew on the centimeter grid paper? Why or why not?”
Closure 

· Tell students they used tiles to understand why the area of a rectangle is equal to the length times the width of the rectangle. They also explored the effects of measuring the area of a rectangle using different size squares on grid paper, which helped them to see why it takes more of a smaller square unit to cover the same amount of space than it does to use a larger square unit.

Exploring Surface Area and Solids

Lesson Plan, Day 5

Time Length: 1 day

Objectives:

1. Students will be able to describe the characteristics of right rectangular prisms.

2. Students will be able to construct nets for right rectangular prisms.

Materials, Resources, and Technology Needed:

White board and dry erase markers

Overhead projector and markers

A few right rectangular prisms found in everyday life

Centimeter grid transparency paper

One sheet of centimeter grid paper for each of student
Scissors for each student

Tape 
Background Notes to Teacher:

Students will already be familiar with the terms “faces, edges, and vertices” when discussing 3-D solids.

Introduction to Lesson: 
· Explain that today students will expand on their understanding of rectangles by discovering how they relate to 3-D boxes called rectangular prisms. Tell them that they will learn how to create their own rectangular prisms using a special type of pattern called a net.
Activity 1 Procedures 
· Begin by showing students different examples of right rectangular prisms found in everyday life. For example, show them a shoe box, a cereal box, a Kleenex box, etc.

· Place these items at the front of the room.

· Ask students to think about what these objects have in common. Make a chart like the one below and ask them to help you fill it out.

· Emphasize that the shape of each face of a rectangular prism is a rectangle. Explain that the faces could also be squares (since squares are really special rectangles), but that if all of the faces were squares we would most likely call this a cube.

· Explain that they will only be dealing with right prisms. Tell them that “right” means that the top face of the prism is directly above the base of the prism when a particular face has been designated as the base. Show them this concept with two rectangular pieces of paper.

	Shape of each face
	Number of faces 
	Number of Vertices
	Number of edges

	
	
	
	


Activity 2 Procedures
· Ask, “How could we create a net for a rectangular prism that is 4 cm long, 3 cm wide, and 2 cm tall? Remember, a net is a pattern that you draw on paper. You should be able to draw the net so that you can cut out the entire shape, fold it, and then join the edges together with tape to create the prism. You should not cut out many separate shapes and then try to tape them all together to make a prism.”

· Distribute one sheet of centimeter grid paper to each student. Have them practice finding ways to create a net for the prism described above. 

· Have students cut out their net, fold it, and tape it together to make sure it really does create a prism.

· After students have finished, ask for a few volunteers to draw their net on the centimeter grid transparency paper on the overhead. 

· Explain that 6 rectangular faces were needed and that there were two of each type of rectangle (two 4 by 3, two 3 by 2, and two 2 by 4 rectangles).

· With the rest of their grid paper, have them create another prism with their own choices for the length, width, and height. Tell them to cut out the net and tape it together as before to ensure that it works.

Closure 

· Summarize that today students learned how a rectangle, which is a two-dimensional shape, relates to a rectangular prism, which is a three-dimensional shape. Review that rectangles form the faces of these prisms. Tell students that they also learned how to create nets for rectangular prisms using graph paper to help them. Explain that tomorrow they will learn how to find the surface area of rectangular prisms.

Exploring Surface Area and Solids

  Lesson Plan, Day 6

Time Length: 1 day

Objectives:

1. Students will be able to use nets and drawings to find the surface area of right rectangular prisms.

Materials, Resources, and Technology Needed:

White board and dry erase markers

The net for 4 cm by 3 cm by 2 cm prism they created yesterday

Wrap It Up handout for each student
Introduction to Lesson: 
· Explain that today students will learn how they can use their understanding of the area of a rectangle to find the surface area of a right rectangular prism. 
Activity 1 Procedures 
· Have students take out the net they created yesterday for the rectangular prism that was 4 cm long, 3 cm wide, and 2 cm tall. 

· Ask, “How can we find the surface area of this prism based on what you know about the area of a rectangle?”

· After students have commented on their plan for finding the surface area, tell them to find the area of each individual rectangle, which is really a face of the prism. 

· When most of the students have finished this task, ask, “If we know the area of each face, then how can we find the surface area of the entire prism?” 

· Give students time to calculate this answer. 

· Once they are finished, call on students to explain how they solved the problem. Emphasize that they must find the sum of the areas of the individual rectangles. 

· Ask, “What units should the answer be given in and why?” 

· Ask, “If you covered the entire prism with square centimeters without any gaps or overlaps, would the total number of squares be equal to the total surface area of the prism that you just calculated above?”

Activity 2 Procedures
· Pass out the Wrap It Up handout to each student. 

· Have students work on this first individually and then with a partner if they need help.

· Discuss the answers as a class. Focus on having students explain their reasoning with appropriate sketches.

Closure 

· Review that today they learned how to find the surface area of a rectangular prism and how to solve word problems involving surface area problems. Stress that they do not need to memorize a formula for finding the surface area of a prism because all they have to do is think about adding the areas of each rectangular face. Tell them that tomorrow they will continue their study of nets by learning how to make one for a cylinder. 

Exploring Surface Area and Solids

  Lesson Plan, Day 7 and 8

Time Length: 2 days

Objectives:

1. Students will be able to construct nets for right cylinders and explain the characteristics of cylinders.

2. Students will be able to calculate the surface area of cylinders.

Materials, Resources, and Technology Needed:

Quaker Oats container (or another example of a cylinder)

Calculators for each student

A rectangular piece of piece of paper folded into a cylinder

A piece of string (about equal to the circumference of the top of the Quaker Oats container)
Background Notes to Teacher:

· Students should already know the formula for the circumference and area of a circle and should know the meaning of terms such as radius and diameter.

Introduction to Lesson: 
· Explain that for the next two days students will learn how to create nets for cylinders and will study the characteristics of cylinders. They will also learn how to find the surface area of cylinders.

Activity 1 Procedures 
· Show students a Quaker Oats container (or another example of a cylinder) and ask what kind of shape it is.

· Ask students to think of examples of objects that they see at home or at school that are cylinders.

· Ask, “How could we draw a net for a cylinder?”

· Ask, “What is the shape of the two bases of the cylinder?”

· Show students the piece of paper rolled into a cylinder and ask, “What shape do you think this part of the cylinder is made out of?” After students have guessed, unroll the cylinder to show that it is a rectangular piece of paper.

· Ask, “So, what are the three parts that make up a cylinder?”

· Ask, “Will someone come up to the board and show how to create a net for a cylinder?” Make sure the student draws two circles that look congruent and that one is attached to each side of a rectangle.

· With a piece of string, point out that the circumference of the lid of the Quaker Oats container would have to be equal to the length of the rectangle that was rolled to create the middle part of the cylinder.

Activity 2 Procedures
· Ask, “How would we find the surface area of a cylinder?”

· After students have pointed out that they need to add the areas of the two circles to the area of the rectangle, review that the area of a circle is found by the formula Pi*r2.  

· Ask, “If the radius of the circle on top of the Quaker Oats container was 2 inches, the circumference was about 13 inches, and the height of the cylinder was 12 inches, then what is the surface area of the container?”

· Draw a sketch of this cylinder on the board. Tell students to draw a net for this cylinder on their own paper to help them visualize the cylinder’s parts. 

· After students have done their calculations, explain how to find the areas of the two circles and the area of the rectangle that makes up the cylinder. Again, stress that the circumference of the circle equals the length of the rectangle.

Activity 3 Procedures
· Have students estimate the surface area of a soda can by drawing a net for one and estimating the can’s dimensions. Tell them that they should try to visualize the can but that they should not actually make any measurements with a ruler. Tell them to give their answer in square centimeters.
· Have them compare their answer to their neighbor’s. 
Closure 

· Summarize that for the last two days students explored how to make nets for cylinders, which helped them understand how to find their surface areas. In the last activity, they also practiced estimating measurements. Explain that tomorrow they will begin working on a real-life application problem in which they will use many of the skills they have learned thus far.

Exploring Surface Area and Solids

    Lesson Plan, Days 9 and 10

Time Length: 2 days

Objectives:

1. Students will be able to solve a real-life problem involving the surface area of a right rectangular prism.

2. Students will be able to reflect on the processes used in solving surface area problems.

Materials, Resources, and Technology Needed:

Create a Cover Problem handout for each student 

Rubric for the Create a Cover Problem

White paper for each student

Rulers for each student

Calculators for each student

Introduction to Lesson: 
· Explain that for the next two days students will work on the Create a Cover Problem in which they will apply their skills from this unit to solve a real-life surface area problem.

Activity 1 Procedures 
· Pass out the Create a Cover Problem handout to each student and read it aloud.

· Also pass out the Rubric for the Create a Cover Problem.

· Review the key information they will need to solve the problem, including the number of people in their math class (25) and the cost of one square inch of paper.

· Say, “What are some of the things you do not know but will need to find in order to solve the problem?” Have students jot down their ideas on paper but not share them aloud at this point.

· Tell students to develop a short plan for how they think they will solve the problem. Then, encourage students to discuss their plan with a neighbor to obtain feedback.

· Stress that students can use the white paper provided to draw their net of the rectangular prism, which represents their math textbook. Tell them that the net will serve as the model they will need to turn in for this project.

· Help students as they estimate the dimensions of their math book using a ruler. 

· Emphasize that since the cost is given for each square inch, students should find the dimensions of their book in inches. 

· Walk around the room and help students as they work on this project individually. 

· Encourage students to ask questions and help students stay on task.

Closure 

· After students have turned in the three parts of the project as listed on the handout, begin a whole-class discussion about this problem and its most challenging aspects. Have students self-assess their performance using the copy of the rubric they received. Collect these from each student. If desired, refer to the Unit Summary Questions to check students’ understanding of major concepts/ideas in the unit.

