
Advanced/Gifted and Talented Mathematics 
Lesson Seed 6: Popsicle Stick Bridge 
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	Domain: Measurement and Data

    Cluster: Solve problems involving measurement and conversion of measurements from a larger unit to a smaller unit. 
 
       Standard(s): 

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: Numbers and Operations in Base 10

    Cluster: Perform operations with multi-digit whole numbers and with decimals to hundreths.   
 
       Standard(s): 

5.NBT.5 – Fluently multiply multi-digit whole numbers using the standard algorithm. 

Domain: Ratios and Proportional Relationships 

    Cluster: Understand ratio concepts and use ratio reasoning to solve problems.  
 
       Standard(s): 

6.RP.1 - Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities.
6.RP.3 – b.Solve unit rate problems including those involving pricing and constant speed. 
d. Use ration reasoning to convert measurement units; manipulate and transform units appropriately when multiplying or dividing quantities. 

	Purpose/Big Idea: In Lesson Seed 6, students will design, plan, build and test a popsicle stick bridge. Students will be given a budget to plan and purchase building materials from a company store. Students will practice the four operations to solve problems using whole numbers and decimals. During the planning process, students will explore ratio concepts and relationships (scale drawing). During the building process, students will convert measurements from inches or centimeters to feet as they move from the scaled drawing to building a real model of their bridge. Students will also understand the concept of load and convert load bearing measurments from pounds to kilos. Students will apply ratios, measurements and cost to help calculate the cost of a real bridge. Finally, students will test their bridges to determine how much weight they will hold and make comparisons to actual bridges. Students will understand the concept of cost of maintenance and repairs to fix their bridges and update their budgets during the testing phase. 


	Teacher Notes – PBL Scenario

Lesson Seed 6 is an extension to the PBL Scenario Task.  It challenges students to work in a project teams to build and test model bridges. Students will explore key roles in bridge design, building, purchasing and testing and repairs. Students will understand how to create and track the budgeting process. Throughout the lesson seed and extensions, students will consider mathematical relationships in ratios, measurements and measurement conversions, absolute value in budgets, etc. 


	Materials:
· Lesson Resource 6a - Bridge Building
· Popsicle Sticks
· Wood Glue
· 3-5 gallon bucket
· String
· S hook 
· Weights (Sand, Water or Weights up to 200+ lbs)

	Activity 1:
In this activity, students will plan, design and select building materials to build a popsicle bridge while following a budget. Students will understand real world application of converting measurements within a given measurement system and generalize their bridge building project to better understand real world bridge construction. Students will ultimately test their bridges to determine which bridge can hold the most weight. 

Say to students: In your project teams, you will work together to follow a budget of $500,000 dollars to purchase materials to build and test a popsicle bridge. 

In groups decide on your team roles. Roles can include: Foreman (responsible for building), Engineer (responsible for designs and planning), Contractor (purchasing and budgeting), Testing/Repairs and Maintenance (testing the bridge and making adjustments). 

Teacher Notes: 

The teacher can decide how to price the items for project teams to purchase. Students will need: popsicle sticks and glue. Considerations for pricing should include bundles. For example, the popsicle sticks are sold in bundles of 15 for $27,000. Each “beam” costs $1800.00. If we need 125 “beams” the beam cost will be $225,000. Students should use their planning and design to determine how much their bridge will cost. Teams must stay on or under budget. Project teams can summarize their process and final bridge models in the form of a presentation to the class. Teams should be prepared to explain why they chose the type of bridge to build, review the budget, special considerations for safety, transportation, load, challenges, etc. 

According to bridge engineers, “if there is a single most important shape in engineering, it is the triangle. Unlike a rectangle, a triangle cannot be deformed without changing the length of one of its sides or breaking one of its joints. In fact, one of the simplest ways to strengthen a rectangle is to add supports that form triangles at the rectangle's corners or across its diagonal length. A single support between two diagonal corners greatly strengthens a rectangle by turning it into two triangles."[link]



Provide students with the following directions:

Design your bridge 
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There are many ways to build bridges, both real bridges and popsicle stick bridges. Do some research, and planning in your groups. 
Remember, more popsicle sticks do not necessarily mean a stronger bridge. 

Task 1: Using graph paper, design your bridge and estimate the number of popsicle sticks you will need. Using your knowledge of ratios and scale, determine the scale of your bridge (for example, one popsicle stick = 16 feet of steel).

Using your plan, determine how many materials you need to purchase. Purchase the materials that you need to build your bridge while staying under budget. Calculate the cost of your bridge. 

Task 2: Once you have finalized your plan and you have purchased materials and you are at or under budget, begin building your bridge. 
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Task 3: Once the bridge is built (and has dried for at least 24 hours) begin testing the bridges. Students should explore the concepts of “load” by testing how much their bridges will hold. 
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	Guiding Questions:
· What is the ratio/scale of your bridge plan to your actual model? 
· How many materials will you need for your bridge? 
· What is the cost of your project? How does it compare to the budget? 
· What percent or ratio of the entire budget is spent on materials? Labor? 
· How much weight will your bridge hold? 
· What is the ratio of popsicle sticks to the load sustained? 
· How does the design of your bridge affect the load it sustains? 
· How does this project help you connect with real world problem solving and bridge design? 
· What was the most difficult role to play in the scenario (engineer, contractor, forman or test/repair)? Why? 




Opportunities for Extension: 
· Students can compare the price of their models to real world bridge projects. For example the “beams” (popsicles) used represent 1/10,000th of the cost of real materials. 
· Students can compare the ratio/proportion of their bridge to real world bridges. For example 1 popsicle beam represents a scale factor of 1:50. 
· Create a budget overview that expresses the costs of the project by category as a fraction or percent of the total budget. For example, teachers can challenge students by requiring the students to charge a fee for services by job type. The engineering/design process costs $35,000. Students will need to factor in these costs in their overall budget and express their costs as a percent or ratio of the entire cost of the project--$35,000/$500,000 = 7% of the project cost. 
· What is the ratio of popsicle sticks used to the load sustained? Students can calculate the load bearing capability of 1 popsicle stick to a certain weight.
· Once the bridges are tested, students can redesign their bridge and make improvements. Students can discuss how the changes will improve the bridge. 


Possible Ways to Assess: 

· The design and plan. How effectively were students able to plan a bridge?
· Cost. How effectively were students able to stay at or under budget? 
· Build. How effectively were students able to build a bridge to sustain load? How much load were they able to sustain? 5 pounds, 10 pounds, 20 pounds, 50 pounds?
· How clear is the budget? 
· The teacher can have students put together their project work in the form of a PowerPoint and present it to the class.
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