Lesson Plan:  7.RP.A.2 – Proportional Relationships and Similarity
(This lesson should be adapted, including instructional time, to meet the needs of your students.)

	Background Information

	Content/Grade Level 7
	Ratios and Proportional Relationships

	Unit
	Analyze proportional relationships and use them to solve real-world and mathematical problems

	Essential Questions/Enduring Understandings Addressed in the Lesson


	Essential Question:
· What types of problem solving situations require the use of proportional reasoning?
· How are comparisons used in proportional reasoning?
· How is proportional reasoning of geometric figures used to solve problems?
· What kinds of questions can be answered using proportional reasoning?

Enduring Understandings:
· Recognize that a given proportional situation can be represented in more than one way
· Distinguish between additive and multiplicative situations
· Recognize two equal ratios represent a proportion
· Recognize and represent the connection between equivalent ratios, values in a table, and graphed ordered pairs
· Proportional reasoning involves comparisons of the relationships among ratios


	Standards Addressed in This Lesson
	7.RP.A.2 Recognize and represent proportional relationships between quantities
a.  Decide whether two quantities are in a proportional relationship.
b.  Identify the constant of proportionality (unit rate) in tables, graphs, equations, diagrams and verbal descriptions of proportional relationships.
c.  Represent proportional relationships by equations.
d.  Explain what a point (x,y) on the graph of a proportional relationship means in terms of the situation, with special attention to the points (0,0) and (1,r) where r is the unit rate.  


	Lesson Topic
	Proportional relationships that lead to the idea of similarity. 

	Relevance/Connections


	7.NS.A.3  Solve real-world and mathematical problems involving the four operations with rational numbers. 
Note: Computations with rational numbers extend the rules for manipulating fractions to complex Fractions
7.G.A.1    Solve problems involving scale drawings of geometric figures, including computing actual lengths    
                 and areas from a scale drawing and reproducing a scale drawing at a different scale.
7.SP.C.6  Approximate the probability of a chance event by collecting data on the chance process that produces it and observing its long-run relative frequency, and predict the approximate relative frequency given the probability.
7.SP.C.8  Find the probabilities of compound events using organized lists, tables, tree diagrams and simulation. 
7.RP.A.1  Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different units.
7.RP.A.3  Use proportional relationships to solve multistep ratio and percent problems.


	Student Outcomes

	Students will:
· Explore multiple representations to recognize proportional relationships
· Represent proportional relationships to solve multi-step ratio problems

	Prior Knowledge Needed to Support This Learning
	6.RP.A.1  Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities.
6.RP.A.2  Understand the concept of a unit rate    associated with a ration a:b with b  0, and use rate language in the context of a ratio relationship.
6.NS.C.6  Understand a rational number as a point on the number line.  Extend number line diagrams and coordinate axes familiar from previous grades to represent points on the line and in the plane with negative number coordinates.


	Method for determining student readiness for the lesson
	Ask students to answer the following ratio and unit rate questions.
1. There are 300 people at a school play; 90 of these people are adults and the rest are students.  What is the ratio of adults to students?  Write your answer in three different ways.
2. Last week Bill earned $210 for a 30-hour week. What was his hourly pay rate?
What would he have earned for a 40-hour week?


	Materials


	· Manipulatives, chips, beans, connecting cubes, color tiles, etc.
· Graph paper, ruler
· Copies of Attachments 1, 2 and 3
· Diagrams of rectangles in groups A, B and C (teacher will create.)
· Graphing calculators





	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice does this component address?

	Motivation



	www.bbc.co.uk/skillswise/topic/ratio-and-proportion
Students will watch an approximate 1-minute video on three different professions that use ratios. (Computer Tech company, hair salon and construction company)  If this video is not available, show another one or show pictures and talk about the profession and how it uses ratios.

	

	Warm Up/Drill



	Students will write ratios from pictures.
Example:
· Teacher presents a photo with an image that allows students to create a variety of different ratios.
 “What comparisons do you see that can be expressed as ratios? 
	

	Activity 1 
UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment







	UDL Components:
· Principle I: Representation is present in the activity.  
The Motivation and Warm-up activate prior knowledge through authentic scenarios that combine visual imagery and auditory clips to prepare students for the scaffolded tasks in this activity.  Students have the opportunity to represent ratios in a variety of ways, including as the graph of a line on a coordinate plane, building toward the concept of slope/constant rate of change.
· Principle II: Expression is present in the activity.  Students can take advantage of prompts and scaffolds to ease the amount of effort required for each task.  Students are encouraged to work independently, in pairs, or in small groups, depending on varying needs/preference for peer mentoring and support.
· Principle III: Engagement is present in the activity.  Options for sustaining student effort and persistence are introduced through differentiated degrees of difficulty in values included with this activity and through discussion of the activity, with guiding questions that assist students in their efforts to self-regulate their understanding of the new content material.
 
Directions:

Students are presented with the following problem:
A vase holds red and white roses only. For every three red roses, there are two white roses. How many flowers might be in the vase?
· Students may work independently, pairs, and or small groups to determine at least 3 different arrangements of red and white roses in a vase. Teacher may provide physical models to represent the arrangements

· Teacher will compile results in a table. Results will be ordered from least to greatest in a table. See Attachment #1 Table

· Students will use the original ratio of 3 red to 2 white roses to determine if other arrangements (Examples: 36:24; 12:5; 15:8 or 2:3) are equivalent by using multiplicative reasoning. Teacher and students will begin to use the term “proportion” to describe the relationship of these ratios.

· Students will use a coordinate plane to graph at least 4 ordered pairs from the table. The following should be included in student’s observation and class discussion on graphs:
· What patterns do we notice? Highlight the fact that: (1) points will lie on a straight line, (2) there is a 3:2 ratio (rise over run) between points, (3) which the line will continue through the origin.  
· What is the meaning of (0, 0) in the context of the problem?
· How do the ratios that were not proportional relate to our graph?

· After class observations and discussion, students will have:
·  drawn a line through the ordered pairs 
·  described the rate of change from point to point on the line 
· used points not on the line to determine if this is a possible arrangement of red and white roses 
· analyzed  the graph 
· described the graph as representing a proportional relationship as intersecting the origin (0,0).

Formative Assessment  
See Attachment #2 Formative Assessment

Three vases are described, two that are proportional to a given ratio (ex. 3:4) and one that is not. 
Students will need to identify the arrangement that is not proportional to the given ratio and justify their choice.  
 
	Students will make sense of the problem and persevere in solving it as they use the visual diagram of roses to find equivalent ratios.
(SMP#1)

Students will reason abstractly and quantitatively as they make sense of quantities and their relationships with the roses.
(SMP#2)

Students will attend to precision as they communicate precisely with others and try to use clear mathematical language when discussing their reasoning with the rose problem.
(SMP#6)


	Warm Up/Drill
	Use Attachment #3 to identify figures that are proportionally larger or smaller than the given figure.  Students are asked to find figures that are reduced (smaller) or enlarged (larger). This should lead to a discussion where the teacher introduces the idea of similar figures.  


	

	Activity 2
UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement

Key Questions
Formative Assessment
Summary

	
UDL Components:
· Principle I: Representation is present in the activity.  
Key concepts such as “between ratios,” “within ratios,” “rate of change,” “similar,” and “congruent” are presented in a variety of ways including symbolic notation, tables, models, diagrams, and graphs on the coordinate.
· Principle II: Expression is present in the activity.  Students are encouraged to work independently, in pairs, or in small groups, depending on varying needs/preference for peer mentoring and support.  Moreover, pre-formatted graph paper and graphing calculators are included in the tasks for this activity.
· Principle III: Engagement is present in the activity.  The varied nature of activities is designed to provide students with access to immediate feedback through diagrams, data in tables and graphs, as well as to support students in understanding their progress.

Directions:

· How can we use a proportion to prove figures are similar? 
Think –Pair–Share

· Through class discussion and the activity below students will discover that you can justify that figures are similar using “between ratios” and “within ratios” (see vocabulary).

· Students are given 14 rectangles drawn on centimeter paper and ask to sort into three “groups” 
·  Group A 1 1, 33, 55, 77, 1010 
·  Group B 4 1, 82, 123, 164 
·  Group C 21, 42, 63, 84, 105 

· For each group A, B, and C, students need to record in a graphing calculator the length and width of each rectangle, using the L1 function for “length” and L2 for “width”. 

Example using Group B data:  

	L1
	L2

	0
	0

	4
	1

	8
	2

	12
	3

	16
	4



· Students should divide the “length” data by the “width” data using the calculator’s ability to divide lists by one another (L1/L2 and L2/L1).

· Students should make observations of what numeric patterns they recognize in their tables. Discuss what the pattern from each row of data in the table tells about the proportional relationship (ratio, unit rate) between the lengths to widths (or widths to lengths) of the rectangles in each of the three groups.

· Students discuss leading questions:
· What is the ratio (unit rate, constant of proportionality) for the comparative dimensions of rectangles in each group?  When the length (L1) is 1?
· How can we determine additional rectangles to fit in each group?

· Using data from the Group B rectangles, students graph the ordered pairs on a coordinate plane. Lead the students in the discussion of the important attributes of the line (ex. unit rate or constant of proportionality, line goes through the origin, goes in positive direction, etc.) 

· Draw a right triangle between each pair of two consecutive points on the line to represent the constant of proportionality (unit rate) by analyzing rise (y) over run (x).  

· What do you notice about the proportional relationship (rise compared to the run) of each rectangle?  Teacher should ask the following questions:

· For each 1 unit we move to the right on the x-axis (run), how many units do we move up on the y-axis (rise)? () 
· When we move 4 units to the right, how many units do we move up? (4)
· When we move 8 units to the right, how many units do we move up? (8)  
· When we move 12 units to the right, how many units do we move up? (12)
· When we move 16 units to the right, how many units do we move up? (16)
· When we move x units to the right, how many units do we move up? (x)

· Starting from (0, 0), to get to a point (x, y) on the graph, go x units to the right and go up x •  units.  Therefore:
x = y   OR   y = 
· Students can complete this exercise for all the rectangle groups and write the equations to represent the line created by the constant of proportionality (unit rate) for the rectangles in Group A and Group C.

· Students explain how they could determine a missing dimension of a rectangle when one dimension is given in order to maintain similarity with the other figures in the group.  Students can represent their method by writing an equation/proportion.  

 (
8
2
)

· Give students this rectangle 



Ask students to name the length and the width of 3 other rectangles that are similar to this one and graph the dimensions of each. Ask students to discuss the important attributes of the line (ex. unit rate or constant of proportionality, line goes through the origin, goes in positive direction, etc.)
Discuss the difference between congruent and similar figures.  Can they ever be both? 

Attachment 4 Similar Figures  
Students will examine a pair of figures to determine if the figures are congruent, similar or neither.  Students formulate the definitions for similar and congruent figures.  Share outcomes with the whole class.
(Note to teacher:  Depending upon your class, you may want to add more to this sheet or give them models to extend this activity.)
Formative Assessment
Students will choose 1 rectangular “group” and create another rectangle that would belong to that group and justify their answer using a proportion, graph and/or equation in their justification.

	Students will make sense of problems and preserve in solving problems as they see constant similarity relationships between points on the line and the slope of the line.
(SMP#1)

Students will use graphing calculator appropriately as a tool to discover the slope of a line.
(SMP#5) 

Students attend to precision as they look at symbols to determine similarity of geometric figures.
(SMP#6)




	Supporting Information

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






	Activity 1: Vase
Provide manipulatives such as colored chips for students to build their flower arrangements. 
Differentiate the given ratio of “3:2” by using a 1:2 ratio for struggling students or familiar numbers to ELL students or a 5:7 ratio for students with higher mathematical abilities.

Activity 2:
Students may be assigned two out of the three rectangular “groups” to study.
Activity may be presented as a Jigsaw, where small groups are assigned one rectangular group to complete the activity then come back as a whole class to present findings and make connections between rectangular “groups”.

Gifted and Talented students can place the data from L1 and L2 into a scatter plot on a graphing calculator.  Through observation of the data, these students may be ready to determine an equation that represents each proportional relationship, and then graph it on their calculators to see how the scatter plot compares to the line of the equation.  Also, they can check the relationship by using: (1) the “TRACE” function to compare the x-values with their y-values and see if they match the values from their original lists; and (2) the “Tbl Set” and Table” functions to check the values and to extrapolate additional data .


	Technology

	Document camera
Computer and projection unit for Motivation video


	Resources
(must be available to all stakeholders)


	www.bbc.co.uk/skillswise/topic/ratio-and-proportion
Litwiller, B., Bright, G. (2002).  Making Sense of Fractions, Ratios, and Proportions, Reston, VA: National Council of Teachers of Mathematics
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Attachment #1 Table

A vase holds red and white roses only. For every three red roses, there are two white roses. How many flowers might be in the vase?

Step A: Try to come up with three different arrangements of flowers for the vase. 
	1.






	2.
	3.



	Red
	White

	
	

	
	

	
	

	
	

	
	


Step B: Record class data below.		    	 Step C:   Order the data from least to greatest.			
	Red
	White

	
	

	

	

	

	

	   

	

	
	



Step D: Graph the data on your graph paper.





Attachment #2 Formative Assessment

 (
Your boss at the flower shop has decided that all of the new flower arrangements need to have a ratio of 3 red flowers to 4 white flowers. The three arrangements were made by three different employees. Did the employees follow their boss’ directions?
)[image: http://t2.gstatic.com/images?q=tbn:ANd9GcS71lXhnglTsmjt9qCR3UsscxGjXYzO3pV1GWoj2x_0T33Ah9Xu5Q:www.punjabflowers.com/product_images/vase9.jpg]

	Arrangement 1
	Arrangement 2
	Arrangement 3

	
Sarah has 9 red and 12 white flowers in her vase. 


	
John has 6 red and 8 white flowers in his vase. 
	
May has 12 red and 8 white flowers in her vase.



Which employee(s) did not follow the directions? ________________________________________
Justify your answer.



Attachment #3 Similarity
Circle any figure on the right that is a reduction (smaller) or an enlargement (larger) of the figure on the left.

	
1.
	

	
2.
	

	

3.
	






Attachment #3 – ANSWER KEY
Circle any figure on the right that is a reduction (smaller) or an enlargement (larger) of the figure on the left.
	
1.
	

	
2.

	








ANSWER KEY CONTINUED
	

3.
	






Attachment #4 Similar Figures
Directions:  Look at the figures in the first column.  Then put a check mark in the correct column showing whether you think the figures are similar, congruent or neither.  In the last column, explain why you think your choice is correct.
	FIGURES
	similar
	congruent
	neither
	Explain Why

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



























Attachment #4 – ANSWER KEY
Directions:  Look at the figures in the first column.  Then put a check mark in the correct column showing whether you think the figures are similar, congruent or neither.  In the last column, explain why you think your choice is correct.
	FIGURES
	Yes
	No
	Explain Why

	
	


X
	



	

	
	
	
	

	
	


X
	
	

	
	


X
	
	

	
	


X
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