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Pizza for All!
Subject: 4th -7th Grade-Algebra and Functions: Linear Growth Pattern; Math Reasoning-Pattern Building 

Lesson Overview: Students will use multiple representations to generalize growth patterns created by geometric shapes.
Standards Addressed: 

4th Grade Math Reasoning: 1.1 Analyze problems by identifying relationships, distinguishing relevant from irrelevant information, sequencing and prioritizing information, and observing patterns. 

5th Grade Algebra and Functions 1.5 Solve problems involving linear functions with integer values; write the equation; and graph the resulting ordered pairs of integers on a grid.

6th Grade Number Sense 1.2 Interpret and use rations in different contexts to show the relative sizes of two quantities, using appropriate notations (a/b, a to b, a:b).

6th Grade Algebra and Functions 2.2 Demonstrate an understanding that rate is a measure of one quantity per unit value of another quantity.

7th Grade Algebra and Functions 3.4 Plot the values of quantities whose ratios are always the same.  Fit a line to the plot and understand that the slope of the line equals the quantities.
Student Objectives: 

Students will extend growth patterns beyond the given stages. 

Vocabulary: 

1. Pattern- ordered set of set of numbers or objects, the order helps you predict what will come next

2. Triangle- three sided polygon

Extension Vocabulary:

     3.  Square – four-sided polygon (quadrilateral) with all sides and angles equal

4.  Hexagon- six-sided polygon

5.  Trapezoid – four-sided polygon with exactly one pair of parallel sides

6. Isosceles trapezoid – a trapezoid with two equal sides

Resources and Materials:

Manipulative (triangles), pencils, worksheet

Extension – pattern block squares, hexagons, and trapezoids, extension worksheet and graph paper

Student Worksheets: Finding Growth Patterns (warm-up); Puzzle Patterns A, B, C

PowerPoint of lesson; Modified worksheets and presentations for extensions

	            Steps of                  
                 the Lesson

	Anticipated Student Responses

Teacher’s Response to Student Reactions

	Goals and 

Formative Evaluation



	Identify “elbow buddies”

Read the standard and have students restate in their own words

State the learning goals

Warm-up: 

(5-10 min.)

(See Finding Growth Patterns Work Sheet)

Give directions for completing the warm-up sheet: For Shape Pattern 1, students are to draw the next three figures in the pattern. For Shape Pattern 2, students complete the table and give a description of the growth in words.

Use equity sticks to call on students to give their responses to the questions.

Lesson

Guided Practice (20 – 30 min.):

1. What are the shapes of the table?

2. How many chairs are around one table? Two tables?

3. When there are 3 tables, how many chairs are there?

4. How many chairs will there be for 5 tables? 7 tables? 20 tables?

5. If you know the number of tables, write how you would find the number of chairs?

6. Can you describe the pattern?

7. Have students share out.

Independent Practice:

  Pattern Puzzle worksheet B and/or C

Closure:

  How many triangular tables would we need for our class?


	Students explain what a sequence is.

A student volunteer reads the learning goal. All students copy the goal on the warm up sheet.

Students will…

· See the pattern

· Draw and count the patterns

· Generalize

· Create/build the pattern

· (Ext.) graph the function representing each pattern

· If they cannot build, what then?

Students come to the front of the room and draw the shapes to complete Shape Pattern 1. Other students give feedback as needed.

Students give their values for completing the table and read their written descriptions of the patterns they found.

Teacher Notes: If a student gives the relationship between the two rows as some form of: “The numbers in the bottom row are three greater than those in the top row,” this is an opportunity to reinforce the concept of function.

Students need to understand how the tables are to be arranged in long rows.


	Goal

· Identify and continue the pattern. 

Write a rule relating to the number of chairs to number of tables.

Extension

      •  Write each rule in y = mx + b form

      •   Make a discrete linear graph of each equation. 

       •   Identify similarities and differences among the graphs

        •   Discuss the relationship between each graph and the geometric patterns.

Evaluation

 Collect the homework and see whether students were able to come up with the additional patterns independently. If not, re-teach the concept using different geometric shapes for the tables.

Extension:

Present a different geometric linear growth pattern to students and see whether they can find its equation and correctly draw its graph.

Advanced students may be given a non-linear growth pattern (parabolic) and see whether they recognize the shape it makes.



	Modifications for higher grades and more advanced students.

Warm-up: 

(5-10 min.)

Students complete a chart where they have to name and give the perimeter of the four pattern block shapes: triangle, square, trapezoid, hexagon.

Use equity sticks to call on students to give their responses to the questions.

Lesson

Exploration (20 – 30 min.):

Students work in pairs to complete tables similar to those in Puzzle Pattern worksheet A, but with different shapes in “train” formation.  Have students share out.

Closure:

 If the perimeter of a hexagonal train is 62, describe how to find the number of hexagons in the train.

Follow-up: (or for double period classes)

Students are given graph paper and told to graph and label the patterns of all the trains on a single axis. 

Advanced students discuss and write a response to the prompt:

Choose one shape. Describe how the slope and intercept of the perimeter equation is related to the geometric pattern.


	Be sure students understand that the red trapezoid pattern block shape has perimeter of 5, since the longest side is length 2. This can be verified by using the length of the side of the green triangle as the unit of measure.

Remind students that not all trapezoids have the characteristics of the pattern block trapezoid that is isosceles and has 3 sides of length 1 and one side length 2. Showing them a different type of trapezoid, for example one with one right angle, would be helpful.

Accept any equivalent form for the perimeter, so long as students can explain their reasoning.

Solutions for the perimeters, in simplest form, where n is the number of shapes in the train, are:

Triangle:      p = 2n + 1

Square:        p = 2n + 2

Trapezoid:   p = 3n + 2

Hexagon:     p = 4n + 2

Using the equation above and substituting, we have:

62 = 4n + 2

Solving for n, we get 15 hexagons in the train.

Note that all of the graphs have intercept 2. The slope increases as the number of sides of the shape in the train increases.

A very rich mathematical discussion can be held when students are asked to describe where the parts of the equation are reflected in the actual physical train. Multiple correct ways to describe the relationships are possible and should be encouraged
	1. Teacher walks around the room, monitoring each graph. Some probing questions might be:

2. When there are 3 triangles, what is the perimeter of the train? Show me how you found that number. 

3. Show me how you found the perimeter of (the other shapes’ trains).

4. For any number of shapes, write how you would find the perimeter of the train.

5. Can you describe the pattern of perimeters in an equation?
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