

Grade 4 Advanced/Gifted and Talented Mathematics
The Third Bridge: A Problem-Based Unit in Operations and Algebraic Thinking
Lesson Seed 3

	Domain: Operations and Algebraic Thinking, Measurement and Data

Standard: 4.OA.3 - Solve multistep word problems posed with whole numbers and having whole-number answers using the four operations, including problems in which remainders must be interpreted. Represent these problems using equations with a letter standing for the unknown quantity. Assess the reasonableness of answers using mental computation and estimation strategies including rounding. 
4.MD.2 -Use the four operations to solve word problems involving distances, intervals of time, liquid volumes, masses of objects, and money, including problems involving simple fractions or decimals, and problems that require expressing measurements given in a larger unit in terms of a smaller unit. Represent measurement quantities using diagrams such as number line diagrams that feature a measurement scale. 
5.OA.1 - Use parentheses, brackets, or braces in numerical expressions, and evaluate expressions with these symbols.
5.OA.2 Write simple expressions that record calculations with numbers, and interpret numerical expressions without evaluating them. For example, express the calculation “add 8 and 7, then multiply by 2” as 2 × (8 + 7). Recognize that 3 × (18932 + 921) is three times as large as 18932 + 921, without having to calculate the indicated sum or product. 
6.NS.7 - Understand the absolute value of a rational number as its distance from 0 on the number line; interpret absolute value as magnitude for a positive or negative quantity in a real-world situation. For example, for an account balance of –30 dollars, write |–30| = 30 to describe the size of the debt in dollars. Distinguish comparisons of absolute value from statements about order. For example, recognize that an account balance less than –30 dollars represents a debt greater than 30 dollars. 


	Purpose/Big Idea: 
The purpose of this lesson seed is to encourage students to apply number operations and algebraic thinking to solve a real world problem involving money. Students will better understand the four operations by modeling and making use of different math concepts to solve problems. In the warm up/drill, students will consider using rounding and estimation to better understand an answer and use repeated addition, multiplication, distributive property and order of operations concepts to solve money problems. Students will also explore application and connection to base 10 by using manipulatives to represent and communicate solutions to the problem. In the activity portion of the lesson, students will apply division or repeated subtraction and positive/negative quantity concepts as they relate to staying on a budget at a school store. Students will learn that a budget can be looked at as successively adding up (or multiplying) to a specific number or starting with a specific number and successively subtracting (or dividing) to reach 0. The integer/absolute value connection is relevant to budgeting. Specifically this lesson seed focuses on: 
· Four operations can be used to express and solve word problems involving money. 
· Mental computation and estimation helps students understand how reasonable an answer is.  
· Simple expressions that record calculations can be written to interpret numerical expressions without solving them.
· Multi-step word problems with whole numbers can be represented using expressions and order of operations concepts.
· Absolute value of a rational number is used to determine the magnitude of positive and negative quantities in real world situations. 

	Materials:
· Manipulatives (can be student created) 
· Document Camera 
· Math Journals
· Markers and Poster board
· Expedia – http://www.expedia.com or other travel websites such as http://www.southwest.com 
· Microsoft Excel or spreadsheet software


	Activity 1:  Warm Up/Drill

Present students with this problem to read together. Students should perform all work in their math journals. 

Driving this morning to work at Camden Yards, Adam Jones stopped to fill up his car with 92 octane unleaded gasoline.

Part A: IF gas costs $3.73 per gallon at the local Shell station and he puts 16.2 gallons of gas in his car, estimate to the nearest dollar how much he spent altogether. 

Part B: IF he paid in cash with a $50 bill and (2) $20 bills, would he have enough money? Would he have any money leftover? IF he had money leftover, estimate how many more gallons of gas he could buy. Can he spend the entire amount of cash? Why or Why not? IF he cannot, estimate how much would be left over.

Say to students: Be sure to include your thinking and illustrate the problem using words/pictures/ or student created manipulatives. Detail the processes you used in your thinking.

Sample student thinking: 

Part A: Estimate $3.73 to $4.00 and 16.2 to 16 gallons. 

· The student estimates and rounds $3.73 to $4.00 and 16.2 gallons to 16 gallons. The student applies either multiplicative or additive reasoning to showing that (4) 16’s (16+16+16+16) is the same as 4 X 16 which equals 64. NOTE: There is also an opportunity here for the teacher to discuss distributive property and the use of order of operations notation (parentheses). 

· The estimated bill will be roughly $64.00. Using the bills he has: (1) $50 + (2) ($20) = $90. $90 - $64 = an estimated $26 left. 

· Some may round $3.73 to $3.50. Some students may round 16.2 to 15, 16.5 or 20 gallons.

Ask: What is a reasonable estimate? Is under $100 reasonable? How does estimating, rounding and mental computation in this problem help us arrive at a reasonable estimate? 

Part B: IF each gallon of gas is an estimated $4 per gallon, he could afford another 6 gallons of gas (an estimated cost of $24). $26 - $24 = $2 leftover. IF the estimate were closer to $80.00, he could afford only another 2 gallons of gas (an estimated cost of $8). $10 – $8 = $2

· Students should recognize that it is not possible to spend the entire amount of $90.00 (without the estimation) because you would have a remainder (decimal).  In other words you could not spend the $90.00 exactly and have a whole number of gallons of gas. It is possible to buy partial gallons of gas however. 

· Students should present their solutions in their Math Journals and using the document camera to illustrate their thinking. Students are asked to critique the thinking/ask questions or make recommendations. 

· Teacher should be looking for multiple examples of rounding/estimating practices to perform mental computation since the task does not require a specific answer.

Ask: How did you represent this problem in your journals with drawings or manipulatives? 

Example:

· Part A: Toothpicks: The student decides that each toothpick represents 1 unit. The student bundles the toothpicks into bundles of 4 (each bundle represents the rounded estimate of the cost of 1 gallon of gas). If Adam Jones buys 16 gallons of gas, the student represents 16 bundles of 4 toothpicks, (or 64 total toothpicks). Teacher asks student to explain thinking. Example “how many bundles of 10 do you have? Are there any leftover? How many are left over?” (student response is 6 bundles of 10 with 4 leftover). 
· Part B: How can you demonstrate your answer to part B using a model? 
Students can build bundles of 10 toothpicks to represent the $90.00 he has to spend. They can remove 6 bundles of 10 toothpicks to represent the $60.00 + 4 out of a 10 to represent the money he spent ($64.00) and show that he has (2) bundles of 10 + 6 individual toothpicks left. Students should connect with the idea that this model only works with estimated whole numbers. To represent the actual problem (decimals), they would need to devise a new manipulative resource. (see Lesson Resource 3b)

Ask: What did your math statements look like? The teacher should look for different examples of how the students represented their thinking via math statements. 

Ask: How can you use order of operations concepts/symbols to represent/solve Part A and Part B of this problem? How do these symbols work together with the manipulative (bundles of toothpicks) or drawing you chose to work with? Can you use a variable in this problem to represent the unknown amounts? 

Example: 
20($4) = $80
$50 + (2)$20 = $90
$90 - $64 = $26
X($4) = $26
X = 6 gallons

$26 - $24 = $2 Estimated left over. 

Ask: Do different math representations produce different results when showing and solving your work? Why? How does estimation and number reasoning help us get to a reasonable answer in this problem? 

Formative Assessment: 
The teacher should observe students and discussions throughout this process to facilitate and support learning. The teacher should evaluate students’ responses in their math journals. 

Activity:
The students can apply these concepts to solve similar problems. Have the students create a school store composed of about 20 items. The students will draw and price the items in the store and display them in the classroom. Students will be given a budget to purchase items from the store. The students must spend ALL of their money. Students may buy as many of any one item as they wish but must they must purchase at least 3 different items. In the allotted time, students should try to find as many ways as possible to spend all the money. The teacher should decide on the budget. 

Extension:  Ask students to use order of operations and algebraic notation to show their work in the form of an equation to solve. Introduce students to absolute value concepts and apply positive and negative number concepts to the store activity or creating a budget. Introduce absolute value of a rational number and interpreting absolute value as magnitude for a positive or negative quantity. For example, for an account balance of –30 dollars, write |–30| = 30 to describe the size of the debt in dollars or recognizing that an account balance less than –30 dollars represents a debt of 30 dollars. 
 
Example: 
At the school store, I have a budget of $240 and I purchase: 
(1) ipod - $52 each
(1) pair of high definition earbuds - $75 each
(3) cd’s - $15 each
(4) scented pencils – $2 each
(15) bags of twizzlers - $4 each
Total = $240.00

Note: To represent using a variable, students can consider the following $240 – x = $227 or x + $227 = $240

Notation: 
$52(1) + $75(1) + $15(3) + $2(4) + $4(15) = 240
($52) + ($75) + ($45) + ($8) + ($60) – ($240) = 0
$240 - $240 = $0

Formative Assessment: 
· Were students able to complete the task of spending all of their money? 
· Were students able to show this process using algebraic notation? 

Extension:
Using real world examples of ticket prices and have students create a balanced travel budget for a summer vacation for a family of four (example: plan and budget a trip to Disney World). The budget and expenses can be tracked using a spreadsheet to show a balanced budget (i.e. arriving at a 0 balance).
Example: You have $5,000.00 to spend on a credit card. At the end of your trip you receive a balance sheet which reconciles your costs. 
$5000.000 – starting balance -$629.40 – Airfare (4 – airline tickets $157.35 each = 4(157.35) )
$4,370.60 – remaining balance

	Guiding Questions:
· How does estimating, rounding and mental computation help us arrive at a reasonable answer?
· Do different math representations produce results when showing and solving your work? 
· How can multi-step problems be represented using drawings or manipulatives? 
· How can order of operations and algebraic thinking be used to help solve multi-step problems? 
· How does solving problems involving money and place value relate to a budget? 
· How do absolute value concepts help students determine the magnitude of positive and negative numbers in real world problems?
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Teacher Notes – PBL Scenario
In Lesson Seed 3, students will apply their understanding of place value for multi-digit whole numbers. Students will use Base 10 concepts to estimate or mentally calculate products, develop fluency with efficient procedures using the distributive property and order of operations to achieve procedural efficiencies.  Similar to Lesson 1, Lesson Seed 3 provides the opportunity for students to interact with the PBL scenario and make real world connections. Because bridges are important not only because of the access they provide but also because of the revenue opportunities they create, the math embeded in bridge study provides teachers and students with opportunities to examine both the cost of bridge construction as well as the opportunity for revenue generation. 

Opportunities to leverage applications in Lesson 1 can include: 

· Using what students learn about place value and Base 10 operations to develop a budget with numbers in the millions.
·  Using Base 10 operations to conduct calculations and develop efficiencies for those calculations. 
· Using the Woodrow Wilson case study below, students can explore real world concepts such as breaking even, revenue generation and loss using a local landmark. This information will aid students in the PBL Scenario as they examine cost/revenue and discuss budgets. 

Resources: 
The following is a study of the Woodrow Wilson Bridge Project which includes cost of project and funding, revenue generation and improvement plans. http://www.roadstothefuture.com/Woodrow_Wilson_Bridge.html#Cost_and_Funding 

	Articles:

http://money.cnn.com/2013/02/12/news/economy/infrastructure-spending/index.html - “The High Cost of America’s Bad Roads and Bridges”

http://sfpublicpress.org/news/2009-12/unparalleled-bridge-unprecedented-cost - “Unparalleled Bridge Unprecedented Cost.” 

http://baybridgeinfo.org/faq - San Francisco Bay Bridge Organization
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