Grade 4 Advanced/Gifted and Talented Mathematics
The Third Bridge: A Problem-Based Unit in Operations and Algebraic Thinking
Lesson Seed 4

	Domain: Operations and Algebraic Thinking
Cluster: Generate and analyze patterns and relationships.
Standard: 4.OA.5 – Generate a number or shape pattern that follows a given rule.  Identify apparent features of that pattern that were not explicit in the rule itself.
5.OA.3 – Generate two numerical patterns using two given rules.  Identify apparent relationships between corresponding terms.  Form ordered pairs consisting of corresponding terms from the two patterns and graph the ordered pairs on a coordinate plane.  
6.EE.9 – Use variables to represent two quantities in a real world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of another quantity, thought of as the independent variable.

	Purpose/Big Idea:
· Patterns and rules are related. A pattern is a sequence that repeats the same process over and over, and a rule dictates what that process will look like.
· Analyzing patterns can help us to understand the relationship between two quantities in real world applications. 
· Numerical patterns allow students to reinforce facts and develop fluency with operations.


	Materials:
· Lesson Resource 4A. Watermen of Hooligan Bay data paragraph
· Lesson Resource 4B.  Answer Key
· Lesson Resource 4C. Cause and Effect Graphic Organizer for The Lorax
· Lesson Resource 4D. Graphic Organizer Four Quandrant ++, + -, - -, - + for The Lorax and for Hooligan Bay analyses
· Chart Paper for discussion
· Charts/Tables for graphing the data (line, bar, scatter plot) 
· Graphing Calculators
· The Lorax by Dr. Seuss


	Activity:
· Students will read The Lorax by Dr. Seuss as an introduction to cause and effect relationships.
· Teacher should facilitate a discussion about cause and effect. Use the graphic organizer (Lesson Resource 4b) to analyze the actions and resulting outcomes from the story.
· Ask: What were some causes and effects in the story? Examples may include: Protecting and caring for trees (cause) creates more homes for animals in the forest (effect). The more trees the Once-ler cuts down (cause) to make Thneeds, the fewer homes the animals in the forest have (effect). The more Truffula trees he cuts down (cause) the more money he makes (effect). 
· Ask: How can we apply this same reasoning to mathematics? The teacher should facilitate a discussion about how function machines/tables, function rules, independent/dependent values and graphing on a coordinate plane. Example:  More trees = + More homes = + (+,+) Quadrant 1. Less trees = - Less homes for animals = - (-, -) Quadrant III
· Students will work in small groups to determine numbers in a pattern.
· Begin by having students read the scenario in Lesson Resource 4a  
· In a small group, have students discuss the information from the paragraph and identify the rules for each pattern.
· Students should use their rules to populate the data in the tables.
· Ask: What generalizations can you make about the data in the tables?  If we made a line graph for each table, what would the graphs look like?
· What relationships do you see between any two of the tables?  Example:  Each year the watermen population increased by 1,000 and the crab population decreased by 100,000. Ask: What does that mean? 
· Have students generate a list of the relationships they see between the data in the different tables.
· Use the Four Quadrant Coordinate Plane to model how we identify the appropriate quadrant for each relationship (Lesson Resource 4c)
· Have students add their examples to the appropriate quadrant based on the type of relationship. 
· Ask: What implications do these relationships present for the Hooligan Bay community? How does mathematics help us understand real world relationships? 



	Guiding Questions:

· What generalizations can you make about the data in the tables?  
· If we graphed the data, what kinds of graphs might we use and what would they look like?
· What relationships do you see between any two of the tables?  
· What implications do these relationships present for the Hooligan Bay community?
· How does mathematics help us understand real world relationships? 




Opportunities for Extension:
· Consider having students construct line graphs for each data table, prior to examining the relationships between the data sets.
· Ask: Is a line graph the most effective way to show the data? Why/why not? How else could we graph, display the data? 
· Introduce the vocabulary of dependent and independent variables, domain and range, input, output, correlations, line of best fit, etc.
· Have students input the data on a graphing calculator and graph the line or choose to show line of best fit and scatter plot to test correlation. 
· Have students use the Scientific Method to conduct an experiment or investigation in their community. Example: Is there a correlation between the population of your city and the amount of air pollution? Is there a correlation between the temperature in a city and the amount of trees? 

Possible Ways to Assess:
· Have students think of an example of a real world relationship that can be represented with data in two of the four quadrants.
· Check for understanding when students are generating and applying rules from a pattern.
· Check for understanding when students are determining relationships amongst data
· Assess graphing techniques depending on the type of graph chosen to show the data (bar, line, scatter plot) 

Teacher Notes – PBL Scenario
In Lesson Seed 4, students will identify features of patterns, determine function rules, explore relationships between corresponding terms, and graph ordered pairs on a coordinate plane.  Students will also use variables to represent quantities in a real world problem that change in relationship to one another, and learn to write equations to express one quantity, the dependent variable, in terms of another quantity, the independent variable. In the “Watermen of Hooligan Bay” students engage with a fictional data to understand the impacts of certain variables on a local bay area economy: “As number of watermen increase each year, the population of crabs decreases each year, etc.” Students will read a data paragraph to determine the rules and patterns for fishing practices in Hooligan Bay and populate the data charts and graph to analyze both inputs and outputs. Students will use this information to form opinions and make recommendations to help improve the economy. 

Explain to students how this information will help them address the PBL Scenario as they explore specifically the impacts of bridges on the community from revenue, cost, environmental impact, tracffic, tourism, safety standpoints. The graphic organizer used in the Watermen of Hooligan Bay will help students categorize the data they collect and analyze it for further considerations and recommendations. 

[bookmark: _GoBack]For example, a Third Bridge might:

· Increase revenue in tolls but cause a decrease in air quality from traffic patterns (an example of an increase/decrease situation). 
· Increase traffic flow but also increase the possibility of motor vehicular accidents (an increase/increase sitatuation)  
When students further consider the impacts bridges have on communities in Lesson Seed 5, they can use the graphic organizer to represent, justify and deepen their understanding as they make comparisons and build the necessary knowledge to respond to the PBL Scenario




The Watermen of Hooligan Bay					Resource 4A

Last year there were 5,000 watermen in the Hooligan Bay area, and approximately 4,000,000 crabs in the bay.  Each year, the number of watermen increases by 1,000, and the population of crabs decreases by 100,000.   Last year, the amount of sales in the local crabbing industry was $50,000,000 and the average cost for a bushel of crabs was $150.   It is projected that the amount of sales in the local crabbing industry will decrease by $2,500,000 each year.  Since the number of crabs is decreasing, the cost for a bushel of crabs is estimated to go up by $10 each year.

Directions:  Use the data above to determine a rule for each of the following tables.  Use your rule to generate the terms in the pattern and complete each table.

		Table  A

	Year
	Number of watermen in Hooligan Bay 

	2012
	5,000

	2013
	

	2014
	

	2015
	

	2016
	

	2017
	

	2018
	

	2019
	

	2020
	

	2021
	

	Rule: 



	Table B

	Year
	Crab Population in Hooligan Bay

	2012
	4,000,000

	2013
	

	2014
	

	2015
	

	2016
	

	2017
	

	2018
	

	2019
	

	2020
	

	2021
	

	Rule: 










	
	Table C

	Year
	Industry Sales

	2012
	$50,000,000

	2013
	

	2014
	

	2015
	

	2016
	

	2017
	

	2018
	

	2019
	

	2020
	

	2021
	

	Rule:


	
	Table D

	Year
	Price of Crabs
(per bushel)

	2012
	$150

	2013
	

	2014
	

	2015
	

	2016
	

	2017
	

	2018
	

	2019
	

	2020
	

	2021
	

	Rule:





	Year
	Industry Sales

	2012
	$50,000,000

	2013
	47,500,000

	2014
	45,000,000

	2015
	42,500,000

	2016
	40,000,000

	2017
	37,500,000

	2018
	35,000,000

	2019
	32,500,000

	2020
	30,000,000

	2021
	27,500,000


Resource 4B Answer Key

	Year
	Number of watermen in Hooligan Bay 

	2012
	5,000

	2013
	6,000

	2014
	7,000

	2015
	8,000

	2016
	9,000

	2017
	10,000

	2018
	11,000

	2019
	12,000

	2020
	13,000

	2021
	14,000


	Year
	Crab Population in Hooligan Bay

	2012
	4,000,000

	2013
	3,900,000

	2014
	3,800,000

	2015
	3,700,000

	2016
	3,600,000

	2017
	3,500,000

	2018
	3,400,000

	2019
	3,300,000

	2020
	3,200,000

	2021
	3,100,000


	Year
	Price of Crabs
(per bushel)

	2012
	$150

	2013
	160

	2014
	170

	2015
	180

	2016
	190

	2017
	200

	2018
	210

	2019
	220

	2020
	230

	2021
	240








Resource 4C

Resource 4D
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Coordinate Plane - Quadrant Organizer





Coordinate Plane — Quadrant Organizer
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