Lesson Plan: Investigation- Linear Models; Testing Paper Bridges

Strand: Algebraic Thinking

District: Long Branch Schools
Essential Understandings
The ‘BIG IDEA’ is to use a model to identify and recognize a linear pattern. 
Students will be able to:

· Generate, collect, and record data in tables (4.3A)

· Represent data in coordinate graphs (4.4.6A)

· Fit linear models to a graph (4.3C)

· Make predictions from data tables and graph models (4.3b)

Essential Questions

· How can we investigate the relationship between the thickness and the strength of a bridge?
· What is the breaking weight for bridges of 1, 2, 3, 4 and 5 layers of thickness?
· What is the root word in the word ‘linear’?
Knowledge and Skills

(with regard to specific core content standards addressed during the lesson)

All CCS are listed under ‘Essential Understandings’.

Assessment Evidence

Targeted Understanding Performances

· Generate/ organize/display/describe data

· Interpret data

· Recognize relationships or patterns in data

· Make inferences based on recognized patterns

Learning Activities

· Introduction- Linear Models

Most bridges are built with frames of steel beams. Steel is very strong, but if you put enough weight on any beam, it will bend or break. The amount of weight a beam can support is related to its thickness and design. To design a bridge, engineers need to understand these relationships thoroughly. Engineers often use scale models to test the strength of their bridge designs. When designing a bridge, engineers need to consider the load, or the amount of weight the bridge must support. The dead load is the permanent weight of the bridge and fixed objects on the bridge (such as a toll booth) .The live load is the weight of moving objects on the bridge (such as automobile traffic). Live load can usually be controlled by limiting the amount of rail or automobile traffic on the bridge at one time.

In this problem, you will do an experiment to test some of the principles involved in building bridges. 

You will make a paper bridge using several 11-inch- by- 4 -inch strips of paper, two books of the same thickness, a small paper cup, and about 50 pennies.

Directions:

· Make a paper “bridge” by folding up 1 inch on each long side of one of the paper strips.

· Suspend the bridge between the two books, The bridge should overlap each book by about 1 inch. Place the paper cup in the center of the bridge.

· Put pennies into the cup, one at a time, until the bridge crumples. Record the number of pennies you added to the cup. This number is the breaking weight of the bridge.

· Put two strips together to make a bridge of double thickness. Find the breaking weight for this bridge. Repeat this experiment to find breaking weights for bridges made from three, four, and five strips of paper. 

Problem 1.1

A. Do the experiment described above to find the breaking      weights for bridges of 1, 2, 3, 4, and 5 layers of thickness.

B. Make a table and graph of your data.

C. Describe the pattern of change in the data. Then, use the pattern to predict  the breaking weights for bridges of 6 and 7 layers of thickness.

Suppose you could use half-layers of paper to build the bridges. What breaking weights would you predict for bridges 2.5 layers thick and 3.5 layers thick?

Possible table and graph:

	Thickness (layers)
	1
	2
	3
	4
	5

	Breaking Weight (pennies)
	
	
	
	
	





Problem 1.1 Follow-Up

Written Open-Ended Question

How would you expect your results to change if you used a stronger material, such as card stock or balsa wood to make your bridge?

Answers to Problem 1.1

A,B- tables and graphs will vary .

C. As the thickness increases, the breaking weight increases. Possible prediction: 50 pennies for 6 layers, 58 pennies for 7 layers.

D. Possible answer: 20 pennies for 2.5 layers, 29 pennies for 3.5 layers.

Answer to Problem 1.1 Follow- Up: 

With a stronger material, the number of pennies the bridge would hold would be greater than it is for the same number of layers of paper.

Drawing Graph Models:

After students complete their table, they will plot their points on the coordinate graph. 

Discuss how a graph model is a straight line or a curve that shows a trend (or a pattern) in a set of data. Once you fit a graph model to a set of data, you can use it to make predictions about values between and beyond the values in your data.

Encourage students to look at their graph models and come to a conclusion regarding the position of the points or dots they made on the graph. 

· Do they notice a pattern in their graph models?

· Ask students to recall the title of their investigation (linear models).

· Question as to if and where a line can be drawn in their set of data . 

· Ask students if they believe the pattern of their data looks linear or non- linear (where no line can be drawn).

If students determine the pattern looks somewhat LINEAR, ask them to draw a line to show this trend. 

Discuss the methods groups used to draw their graph models and to make their predictions.

Emphasize that this line is a good model for the relationship because, for the thicknesses the class tested, the points on the line are close to the points from the experiment. 

 Discuss Follow-Up question.

Background Notes

In this investigation, students observe patterns in tables and graphs, and make predictions based on these models. 

In this problem, Testing Paper Bridges, students conduct an experiment to investigate the relationship between the thickness and the strength of the bridge. Their model involves paper strips and pennies: as the number of layers increases, the number of pennies the bridge can support increases. The resulting graph will be convincingly linear. The students will then attempt to draw a line to fit the pattern in their graphs, and they use the pattern to make predictions. 

Materials

Several 11-inch-by-4- inch strips of paper

Two books of the same thickness

Small cup

About 50 pennies

Worksheets
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