Grade 4 Advanced/Gifted and Talented Mathematics
The Third Bridge: A Problem-Based Unit in Operations and Algebraic Thinking
Lesson Seed 5


	Domain: Operations and Algebraic Thinking
Cluster: Generate and analyze patterns and relationships.
Standards: 
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.  

[bookmark: _GoBack]Domain: Measurement and Data
Cluster: Solve Problems involving measurement and conversion of measurments from a larger unit to a smaller unit. 
Standards: 
4.MD.1 – Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measurement equivalents in a two-column table. 

Domain: Ratios and Proportional Relationships
Cluster: Understand ratio concepts and use ratio reasoning to solve problems. 
Standards: 
6.RP.1 - Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities.

Domain: The Number System
Cluster: - Apply and extend previous understandings of numbers to the system of rational numbers.  
Standard: 
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:
Lesson Seed 5 includes opportunities for students to explore mathematical concepts in bridge planning and design such as measurement and data, ratios and proportions and operations and algebraic thinking. Students will develop the PBL task by completing a variety of investigations on suspension bridges and examine data from Bay area communities. Students will discuss what makes a good bridge and learn how bridges impact communities. Students will explore data on population, environmental impact, cost, traffic, etc. Students will use Google Earth to locate and take measurements on the Chesapeake Bay Bridge and look for alternative locations for a 3rd Bay Bridge.  Students will also be able explore the costs of building a bridge and the potential returns on investment using actual bridge proposals. By the end of the Lesson Seed 5, team members will be prepared to engage in the PBL scenario in which they will respond to the MTA’s RFP to present the location, and impact of a 3rd Chesapeake Bay Bridge in Maryland. 


	Materials:
· Coordinate Plane Organizer (Lesson Seed 4)
· Computer Lab
· Google Earth

	
Activity 1.

Re-introduce  to students the PBL Scenario: 
Because of increased traffic around the Baltimore/Washington area, the state of Maryland is considering building a 3rd Bay Bridge to allow traffic to cross over the Chesapeake Bay more easily.  The Maryland Transportation Authority (MDTA) is conducting a study to determine when a third Bay Bridge should be operational.  The Maryland General Assembly authorized this study and appropriated $800,000 dollars to cover the costs of analyzing traffic growth and set a schedule for preservation and maintenance.

The Maryland Transportation Authority invites proposals from students which make a reasonable argument for a Third Bay Bridge location.  The proposal should explain how the location makes sense using demographic data to analyze the local impact on the environment, business, and community.  The proposals must develop a budget itemizing costs. Writers should justify their conclusions using data tables, graphs, and a coordinate plane organizer to communicate the relationships among variables.  

Before proposals are submitted, they must be presented to a local team of experts who will evaluate them using the proposal scoring rubric provided by the MDTA.  Writers must be able to communicate how their solutions make sense, to justify their conclusions, and to answer questions. 

To build background knowledge on the Bay Bridge:

Have students watch “Spanning the Bay” available on disc from Maryland Public Television (MPT).  For details go to: http://www.imdb.com/title/tt1977743/   If your media center does not own a copy of “Spanning the Bay,” contact Maryland Public Television for a copy of the film. If that is not possible or desired, have students explore the history of the Chesapeake Bay Bridge using the following links:

History of the Chesapeake Bay Bridge Links: 
http://www.history.com/videos/modern-marvels-chesapeake-bay-bridge 

http://www.cbbt.com/history.html 
http://www.roadstothefuture.com/Chesa_Bay_Bridge_History.html 
http://ww2.mdsg.umd.edu/CQ/v10n1/side2/ 

Questions for consideration: 
· What kind of bridge is the Chesapeake Bay Bridge? 
· In what ways is this type of bridge appropriate for the Chesapeake Bay region?
· How has the Bay Bridge impacted the greater Chesapeake Bay Region? 
· What are the positive and negative impacts of the bridge on the Chesapeake Bay region?

Brainstorm with students: 
· What makes a good bridge?
· How do bridges impact communities? 
· Create a +/- chart
· Highlight the importance of design/function, safety, cost, location/environmental impact
Responses may include the following: 

What Makes a Good Bridge: 
· Well designed/engineered and safe
· Suited to the specific evironment
· Should be aesthetically pleasing/artful
· Accommodates traffic
· Cost effective 
How do Bridges Impact Communities: 
· Provides access 
· Improves the local economy 
· Creates jobs
· Beautiful and changes the landscape for the better
· Increases traffic
· Increases costs
· Destroys the environment
· Increases pollution 
Teacher Note: Students should discuss the impacts of bridges on communities using a coordinate plane organizer (Lesson Seed 4 Resource 4D). Consider a +/+ relationship where bridges increase access to the remote locations and help improve the local economy. Consider a -/- relationship where bridges decrease wetland areas and reduce traffic patterns. 

Activity 2. 
Have students research suspension bridges in order to compare and contrast suspension bridges in other bay area communities by building a spreadsheet. 

Suspension Bridge Web Resources: 

Suspension Bridge: Wikipedia Article
http://science.howstuffworks.com/engineering/civil/bridge6.htm 
http://www.wsdot.wa.gov/tnbhistory/machine/machine1.htm 
http://www.swe.org/iac/lp/bridge_03.html 

Using the resources above, have students explain:
· What is a suspension bridge? 
· How does it work? 
· How do these bridges impact the environment and communities? 
Have students compare and contrast three bridges: Chesapeake Bay Bridge, San Francisco Bay Bridge, Delaware Memorial Bridge

Students should use these links to investigate the Chesapeake Bay Bridge, the San Francisco Bay Bridge and the Delaware Memorial Bridge. Activities 2 and 3 require the use of a computer lab. 

http://en.wikipedia.org/wiki/Chesapeake_Bay_Bridge - Chesapeake Bay Bridge
http://en.wikipedia.org/wiki/San_Francisco_Bay_Bridge - San Francisco Bay Bridge
http://en.wikipedia.org/wiki/Delaware_Memorial_Bridge - Delaware Memorial Bridge

Ask students to create and complete an Excel database with these fields 
· Image/Drawing
· Name
· Year Built
· Cost
· Location
· Load/Carry Weight
· Design Type
· Materials Used
· Toll
· Traffic
Activity 3. Location of the Bay Bridge, Length, and Data

Have students use Google Earth – Maps to do the following:

· Locate the first 2 spans of the Chesapeake Bay Bridge
· Measure and record its dimensions using the measuring tool in Google Earth
· Calculate cost per foot of the bridge using the data from Activity 2
· Using a data table, research information on the Chesapeak Bay and analyze: Population, Environmental Concerns, http://www.chesapeakebay.net/discover/bay101/facts http://msa.maryland.gov/msa/mdmanual/01glance/html/ches.html  
· http://www.mdp.state.md.us/msdc/ 
· Compare statistics and discuss how they impact the Chesapeake Bay Region
Questions: 
· Approximately how long is the Bay Bridge? 
· Approximately how much does it cost per foot? 
· What information can you gather about the population, traffic accommodation, environmental impact from the data provided in the Maryland Manual? 
· What counties in Maryland make up the Chesapeake Bay Region? 
· If you were placing a 3rd Bay Bridge, where would it be located, how long would it be and approximately how much would it cost?
Activity 4.

· Have students will review a bridge building proposal and examine the costs of building a bridge (see Building a New NY Bridge http://www.newnybridge.com/thruwaybridgedesignpresentation.pdf and http://www.tollroadsnews.com/node/6358 for more details)
Review the New NY Bridge Proposal and discuss: 
· What considerations are made when planning a new bridge? 
· What is the impact of a new bridge on the community?
Read the toll road news article and discuss the main ideas: 
· What is the problem? 
· Who are the major stakeholders? 
· What are the considerations for a new bridge? 
· How much revenue does the current bridge produce? 
Other Resources: 

http://www.npg.org/edmaterials/NPGBayPoster-small%20rev%2011-14-08.pdf – Too Many People
http://www.mdp.state.md.us/msdc/ - Barbara Mikulski and Safety of the Chesapeake Bay Bridge


	Guiding Questions:
· What makes a good bridge?
· How do bridges impact communities? 
· Compare and constrast suspension bridges in Bay Area communities?
· What impact do suspension bridges have on these communities? 
· How much do bridges cost? Are they a good investment?
· Where are the Chesapeake Bay Bridge spans located? 
· How long are the spans of the Bay Bridge? 
· How has the Bay Bridge impacted the greater Chesapeake Bay Region? 
· What are the MD counties that make up the Chesapeake Bay Region? 
· How do statistics such as population growth, environment impact, housing, traffic impact the Chesapeake Bay Area? 



Teacher Notes – PBL Scenario

In this Lesson Seed 5, students will explore concepts that  prepare them  for the PBL Scenario using mathematical concepts in bridge planning and design such as measurement and data, ratios and proportions and operations and algebraic thinking.

 Students will: 
· Research the impact of bridges on the environment, business, and community.
· Investigate the location, cost, and design of the Chesapeake Bay Bridge and other bridges similar to it. 
· Analyze data on the Chesapeak Bay region using tables, graphs.
· Locate and justify the rationale for building a 3rd Bridge in the Chesapeake Bay region.
· Develop their proposals for a Third Bridge in response to the MTA Call for Proposals

Refer students to the PBL problem statement that was drafted in Lesson Seed 1:

Example:
How can we as proficient mathematics students (role of students) create a proposal for the location of a third Bay Bridge (task/product) that presents to the MD Transportation Authority a reasoned argument that (purpose/ audience): 
· Analyzes the local impact on environment, business, and community
· Communicates how solutions make sense based on demographic data
· Develops an accurate budget
· Justifies conclusions using tables, graphs, and a coordinate plane organizer  (the conditions/criteria for the product)

Important:  In PBL, the teacher must create an authentic audience for student products.  The students’ proposals, after being evaluated by a local team of experts, could be shared with decision makers. The teacher might arrange to have the students’ proposals shared with local business and community groups, legislators, or the Maryland Transportation Authority’s Bay Bridge Reconstruction Advisory Group (BBRAG).  http://www.mdta.maryland.gov/Meeting_Schedules/BBRAG_Meeting_Minutes.html
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