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x ARIZONA’S

COMMON CORE STANDARDS





Grade  
 7

Subject      Math

Time/Length   3-4 days

Unit   Ratio and Proportions

Lesson   Proportional Reasoning with Geometry

	Content Standards Alignment:  

Major Focus
7.RP.3: Use proportional relationships to solve multistep ratio and percent problems.  

Supporting Focus

7.G.6: 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.

7.RP.1: Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different quantities.



	Standards for Mathematical Practice Focus:
MP.1: Make sense of problems and persevere in solving them.  

In grade 7, students solve problems involving ratios and rates and discuss how they solved them. Students solve real world problems through the application of algebraic and geometric concepts. Students seek the meaning of a problem and look for efficient ways to represent and solve it. They may check their thinking by asking themselves, “What is the most efficient way to solve the problem?”, “Does this make sense?”, and “Can I solve the problem in a different way?”
MP.2: Reason abstractly and quantitatively.  
In grade 7, students represent a wide variety of real world contexts through the use of real numbers and variables in mathematical expressions, equations, and inequalities.




	Teacher Content Knowledge and Pedagogical Content Knowledge:  
· Strong awareness of how ratio and proportional reasoning develops from concrete-to-pictorial-to-abstract.  (Refer to the Draft 6–7 Progression on Ratios and Proportional Relationships located at http://commoncoretools.files.wordpress.com/2012/02/ccss_progression_rp_67_2011_11_12_corrected.pdf )
· Conceptual understanding of the similarities and the differences between ratios, proportions and fractions.

· Ability to apply and create examples of ratio and proportional in a variety of real-world applications.




	Desired Results

(What are the lesson outcomes?)

	 As a result of this lesson, students will be able to: 

· Use proportional reasoning to solve real-world problems. 


	As a result of this lesson, students will know/understand that:

· Proportional relationships apply to area and volume.

· Proportional context problems can be solved multiple ways.



	Aligned Assessment Evidence  

(How will the students’ understanding of the lesson outcome be determined?)

	Pre-assessment: What are the prerequisite skills that are needed to access the content of this lesson?

· Conceptual understanding of area & volume using whole numbers and fractions

· Calculate area and volume of rectangles, squares & prisms

· Concepts of ratio and proportion: the ratio is the comparison of two numbers and a proportion is two equal ratios


	Formative Assessment: How will students be expected to demonstrate mastery of lesson outcomes during in-class checks for understanding? (e.g.: student self-assessment, embedded assessments, checking for understanding, questions, homework, etc.)

· During partner and group work listen for students:  using precise language, applying units correctly, and using proportional reasoning during explanations.

· Written work, models/drawings to support thinking processes, and verbal responses during class and homework.
· Example homework assignments listed at end of lesson.

	Questions

Probing

(Clarify student thinking; Enable students to elaborate their thinking for their own benefit and for the class)
Assessing 

(Assess whether students understand;  Provide opportunity to scaffold students who get “stuck”)
Extending Thinking

(Support students in building upon their thinking and understanding)
· Is there a way to organize the information to help you look for patterns?

· Did anyone solve the problem differently?

· What do you see happening when you double a dimension (length/width/height)?

· Would the pattern you found still be true if we halved a dimension? Or, tripled it?
· What patterns are emerging as a dimension(s) changes?
· What would happen if more than one dimension was changed?


	Learning Plan

	Learning Plan Introduction:  Include a brief summary of how Focus, Coherence, and Rigor (Conceptual Understanding, Procedural Skill and Fluency, and Application) are addressed within the learning activities.

In this lesson students will revisit area, volume, ratio and proportion concepts and then apply these concepts in complex real-world problems. Rigor will increase as the students’ delve in the relationship between the area or volume and changes to one or more edges along with their procedural skills.

	Materials Needed:

Technology Tips:

dot paper, grid paper, small colored unit cubes, clear geometric solids with open tops, student whiteboards, attached worksheets, internet connection

SMART Board applications with geometric shapes being put inside another to demonstrate the proportions

Possible Misconceptions

Suggestions

· Use of consistent units within problems

· Direct variation and inverse relationships in proportion contexts. For example, if you increase the number of workers you decrease the hours of work needed. Double the dimension does not necessarily double the area/volume.

· Information provided within the application problems.
· Redirect students’ attention to labels and units.

· Demonstrate calculations using whole numbers and visual representations in order to illustrate how doubling the dimensions does not necessarily double the area/volume.
· Revisit strategies for analyzing application (word) problems.


	Academic Vocabulary:  General Academic Vocabulary, Content-Specific Vocabulary (e.g. absolute value, inequality, equation), Meta-language occurring in processes or expressions (e.g. estimate a value, factor a number, round to the nearest hundredth), and Symbols (e.g. symbols used in mathematical expressions, graphics such as those used in geometry for line (↔), providing verbal expressions for numerical expressions, such as “3x + 6” means “six more than three times a number.”)
· ratio, proportion, rate, unit rate 
· area, volume, rectangle, prism

· feet, square feet, inches, cubic inches, etc.

· “twice as long”, “double”, “1 and ½ times as long”, etc.

· ft2, ft3, etc.



	Teaching and Learning Activities:  (How will students be engaged in understanding the lesson outcome?  How does the task/activity develop student sense-making and reasoning?  How does the task require student conjectures and communication?)


	Activity /Task

What is the teacher doing?

How will the teacher engage the students in each part of the lesson?

What are the students doing? 

How will students be actively engaged in each part of the lesson?

Beginning-of-Class Routines

How does this routine connect to students’ prior knowledge?
Pre-assessment questions based on prerequisite knowledge and/or previous day’s work involving area, volume, ratio and proportion. This should be limited to 1-3 questions.

Answer questions using student whiteboards

Work with basic polygons where dimensions are doubled, tripled etc. and look at effect on area & volume

· Use worksheet with pictures and dimensions to model problem-solving then let students work independently and in groups on similar problems. Sample problems provided and the end of the lesson plan.
· First few problems change one dimension and compute area then both dimensions and compute area.  Draw the pictures and use manipulatives.  

· Next problem set provide the dimension changes and let students solve and create their own pictures using dot/grid paper. 

· Demonstrate one 3-D problem then let students continue with changing more dimensions and computing volume.

· Teacher is… 

…listening for students to recognize that doubling dimensions does not double the area and volume.

…looking for correct calculations of area and volume

· Lead whole group discussion regarding patterns, ways to organize the information, and same/different solutions.

· An example of using tables in ratios and proportions

http://www.homeschoolmath.net/teaching/proportions.php
· Write solutions, share their thinking with partners and organize information to determine patterns.

· Participate in whole class discussion regarding patterns and thinking about the solutions.

Work with basic ratio and proportion problems

· Provide a short discussion of the origins of the Statue of Liberty and her actual measurements.

http://www.statueofliberty.org/
http://www.statueofliberty.org/default_sol.htm
http://www.statueofliberty.org/Fun_Facts.html
· Have students measure their own body parts, record the information in a table, and calculate the proportions such as nose to arm length. Model how to compare the value of your own ratio to the statue’s ratio using proportional values and reasoning i.e. cross multiply, equivalent fractions, etc.

· Using statue of liberty dimensions and proportions discuss:  
…how her proportions compare to those in the class.

…how she is created/designed/built proportionally.

· Teacher is listening and watching for:
…ratio/proportional language in explanations.

…appropriate recording of information in tables

…the correct use of units

…the correct calculations of proportion values for comparison discussions.

…student explanations of how and why they are proportional to the Statue of Liberty.

· Students chart their measurements and compute ratios in provided a table.

· In pairs/small groups discuss personal ratios, Statue’s ratios and compare proportionality to Statue of Liberty

· Finish with whole group discussion about the calculations, comparisons and arguments for proportionality.

Work with basic context problems
· Ask students to work individually and complete first short worksheet set of proportion problems. (Worksheets are at the bottom of this lesson. Recommend choosing at least three for this process.)

· Walk the room and assist those who find they cannot get started.  Ask leading questions and bring up previous work with proportion problems.

· Ask students to share their thinking in pairs/small groups.

· Lead a whole group discussion about the solutions and reasoning about the solutions.

· Put up student solutions on document camera.  Ask students if they wish to present or you present the solution for them.

· Ask students to complete the next worksheet.

· Individually complete each set of problems on worksheets

· Work in pairs/small groups to discuss solutions and reasoning.

· Discuss solutions and reasoning in who group discussions.

· Present solutions on document camera.

Sand under the Swing Set 

Illustrative Math Project

· Provide students with worksheet.  
http://s3.amazonaws.com/illustrativemathematics/illustration_pdfs/000/000/266/original/illustrative_mathematics_266.pdf?1343857043
· Ask them to work individually first for 5 minutes.  Look for students to make sense of the problem by drawing pictures or attempting calculations.  Provide starting points for those who seem to be stuck.
· As a whole group provide some feedback to what you have noticed so far in order to get all students on track.
· Ask students to share their progress and attempted solutions.  Listen for valid arguments using proportional reasoning concepts and appropriate language.
· Share out solutions in a whole group.  Ask students to present solutions on document camera.  Look for differing solutions to present to give all students ideas of different ways to solve the problem.  Ask other students to describe how they agree or disagree with a solution.
· See solutions at
http://www.illustrativemathematics.org/standards/k8
· During discussions ask students to relate how the dimensions relationship is a proportional relationship.
· Individually solving the task

· Work in pairs

· Share different solutions as whole group


	Closure:  (How will student questions and reflections be elicited in the summary of the lesson?)

EXIT Tickets: Possibly each day (This can be done on a half sheet of paper or using the attached template.

· Compare and contrast a ratio to a proportion

· Describe the impact on the area of rectangle as the length is doubled. Or halved.

· Describe the impact on the area of rectangle as the length and the width are doubled. Or halved.

· Describe the impact on volume of a rectangular prism as the length of one edge is doubled. Or halved.

· Explain how the relationship between dimension changes is a proportional relationship.

HOMEWORK

· If we were to make a statue of our principal that has the same proportional relationship as the Statue of Liberty and his ear is 5.6 cm in real life, how large would it be on the statue? 

· Using the internet or interview adults you know to research different careers that use proportions. Write a paragraph that describes the career and how it uses proportions.




The first problem set has approximately five problems similar to the following:



Use a variety of shapes for additional problems.  Try to work “similar” figures into the conversations.   Geometric proofs use the concepts of similar versus congruent and here is a great place to help students reinforce that concept.

Second problem set similar to…
My sister and I each have our own bedroom.  We are debating who has the bigger room.  The shape of each room is rectangular.  My bedroom floor measures 18 feet long and 16 feet wide, while my sister’s bedroom floor is half the length and twice the width?  Who has the biggest floor?

The 3-D problems are the same as above where students calculate the volume.
If 2 mini York Paddies cost $0.26.

What does. . .

     4 cost ______

     8 cost ______

    10 cost ______

     14 cost ______

     How many York Paddies will cost $5.46?
If it takes 4 workers 8 hours to mow the lawn. How long will it take . . .

     8 workers________

     2 workers _______

     1 worker _______
If 3 Pizzas serve 9 people.  

      How many Pizzas serve 27 people?
     12 Pizzas will serve    ______ people
     15 Pizzas will serve ______ people
      How many pizzas are needed to serve 105 people?
Susie saves $12.50 a week.  How much does she save in . . .

A month

A quarter of a year

Three fourths of a year

When will she have $750.00 to buy her new computer?
The two given rectangles are similar to each other.





Determine the area of each rectangle.  Be prepared to explain how you determined the area of the larger rectangle.  


Describe the proportional relationship between the rectangles. 





14 cm





15 cm





7 cm
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