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Content (what is taught): 

· Explain the major steps of the engineering design process.
· Apply the engineering design process in the design and creation of a storm-tolerant shelter.
· Document the use of the engineering design process in the creation of the shelter.


Context (how it is taught):

· Students will draw illustrations that detail the shelter.
· Students will build a storm-tolerant shelter from given materials.
· Students will demonstrate the shelter’s storm-tolerance in a two to three minute oral presentation and demonstration. 
Activity Description:

In the lesson, students will apply the major steps of the engineering design process as they aim to construct a storm-tolerant shelter for the three little pigs. Each group of students will be randomly assigned a set of materials that represents one of three building components: bricks, straw or wood. Once the groups have constructed their structures, they will submit the structures for testing against the elements of wind and rain simulated by a watering can and a leaf blower.

Standards:

· Math—D2

· Science—A1, A2

· Technology—A1, B4

Materials List: 

	Type of House
	Building Materials

(Choose ONE)
	Material Bonding Agents

	Straw House
	plastic straws, spaghetti, straw/hay
	Staples, paper clips, glue tape



	Wood House
	twigs, craft sticks

toothpicks
	Tape, glue, paper clips, string



	Brick House
	crackers, marshmallows

pebbles
	Tape, glue, toothpaste, toothpicks


ASKING Questions (The Three Little Pigs)

Summary:  

· What makes a house storm-tolerant?

Outline:
· Recall the story of the three little pigs and the building materials used by the pigs to build their houses.  
· Students will relate the building materials used by the pigs to the building materials used in home construction today.  
· Students will develop opinion statements about the building materials ranking them on their storm-tolerance.
Activity: 

Recall or read “The Three Little Pigs” with students and note the building materials. Ask students to relate and rank the building materials for home construction. 
	Questions
	Answers

	What building materials did the three little pigs use?
	The pigs used wood, straw, and bricks.

	What “storm” were they trying to tolerate?
	The storm was the huffing, puffing wolf

	Relate each of the building materials used by the pigs to a modern home construction product.
	Wood = standard wood frame or log home

Bricks = full or partial brick home

Straw = log home

	Which of the materials is the most storm-tolerant?
	Answers will vary with reasoning.
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EXPLORING Concepts (The Three Little Pigs)

Summary: 

Students use the engineering design process to explore which building material will be the most storm-tolerant.
Outline:
· Assign materials

· Employ the engineering design process steps of imagine, design, and create.
Activity: 

Groups of two students will be randomly assigned one of three building components (wood, brick, or straw). The groups will then meet to imagine and design ideas with the building materials they will eventually choose for their house. Students will have ideas, questions, and possible designs for the three building material choices in the assigned categories that they recorded in their engineering notebook. The groups will then finalize their building materials choices. 

Next, groups will begin construction of their houses. The base (footprint) of the house cannot exceed 15 cm by 15 cm. The height of the house cannot exceed 15 cm. The house must be large enough to accommodate a model pig (provided by teacher). Finally, the students will have a maximum of 15 cm of tape to secure the house to the ground.  

As students are constructing their houses, they will use their engineering notebooks daily to record progress, troubles, and to design changes that are made to their houses. Teachers will use the engineering design notebooks as a questioning and assessment tool for the project.   

Robotics Connection:

Present students with the CEENBot and discuss whether the CEENBot is storm-tolerant. Further, discuss how the CEENBot could be altered to protect against various aspects of storms.
INSTRUCTING Concepts (The Three Little Pigs)

Engineering design process

The engineering design process has many forms.  Some conceptual models have as many as ten steps others as few as five.  The process is as individual as the engineer who is using it.  It is cyclical meaning that you can start at any step in the process and it is dynamic meaning that it is always changing and adapting.  For this instructional module we have chosen a simplified five-step approach to the engineering design process.  The five steps are: 1) Ask, 2) Imagine, 3) Design, 4) Create, and 5) Improve.

Ask

In this step you ask what is the problem that needs addressed and do a lot of research to see what other ideas are out there and what other solutions have been attempted.  This research is critical because it means you won’t duplicate something that others have tried and were unsuccessful.  It allows you to frame the problem and limit (constrain) it so that you have a better understanding of what is required.

Imagine

Here you brainstorm ideas that might possibly be a solution to the problem you explored in the Ask step.  Don’t be afraid to think big and out of the box.  Sometimes if the answer to a problem is obvious or simple it would have been solved already.  Get creative!  After brainstorming possible ideas and solutions, you should analyze each possibility for potential merit.  Finally select the best alternative for further exploration.

Design

This step involves the creation of a plan to carry out the idea that you selected in the Imagine step.  You can make a diagram, create lists of things that you will need, and gather together the necessary skills that you will need to carry out your plan.

Create

This is the fun step.  You get to actually build/create the idea that you selected and planned out.  This is the hands on step where you see the intellectual idea actually come to live.  It is important to follow your plan that you created.  Be sure to note what went well and what didn’t work for future use in refining the idea. Finally test your product and see if it does what it is supposed to do.  Does it solve the problem?  It is possible that you will have to go back to any of the previous steps after you test your creation.  If it doesn’t work, do you need a better plan, a better idea, or do you need to rethink your initial problem?

Improve

Here is the refinement stage.  You have something that works but you want it to be the best it can be.  You want the most speed, efficiency, the best appearance, etc.  Here you think about and talk about what works, what doesn’t work and what could be improved on.  After this discussion occurs, modify your design to see if you can improve it.  Finally test out to see if you actually improved your solution or not.  Remember at this stage it is possible that you might have to go back to any of the other stages.

The powerful thing about this process is that it is fluid and creates a nice organizational flow for the process to follow.  At the end of each step always ask if you accomplished what you set out to do.  If you did not repeat that step or go back further in the process to try to arrive at a better solution.  Remember you can start at any step but once the process is begun you need to go from one step to another in order for the process to be effective.

ORGANIZING Learning (The Three Little Pigs)

Summary:  

Students use a graphic organizer to record their use of the engineering design process as it relates to “The Three Little Pigs” project.
Outline:
· Pose the task for “The Three Little Pigs” and analyze the problem.
· Brainstorm and document possible solutions for the task/problem.
· Provide a detailed plan for one design. 
· Create/construct the design to the problem.
· Test the design.
· Make improvements to the design.
Activity:
Students will construct a large poster size graphic organizer to use as they work their way through the engineering design process for “The Three Little Pigs” project. The graphic organizer will have 5 circles (or other shapes) (see worksheet for a sample) with the step headings in the center. As students progress through the process, they will add arrows and will document their work as they move from one step to another. Students may add illustrations and/or photos to their graphic organizer to support their work.

Engineering Design Process

UNDERSTANDING Learning (The Three Little Pigs)

Summary:  

Students will write essays about the engineering design process highlighting each step of the process.
Outline:
· Formative assessment of engineering design process
· Summative assessment of engineering design process
Activity:

Formative Assessment
As students are working through the task, ask them these types of questions:

1. What step of the engineering design process are you working through? 

2. What do you hope to accomplish in this stage?

3. What led you to this step?
Summative Assessment

Students will complete the following essay questions about the engineering design process:

1.  
Using our discussion of how to make the CEENBot “storm-tolerant” as your guide, write an 
essay that demonstrates the steps of the engineering design process. Make sure to 
highlight 
each step and the transitional components of the process.

2.  
Using “The Three Little Pigs” project as your guide, explain why the engineering design 
process functions more like a web than like a linear process.

3.  
In your opinion, what is the most important step of the engineering design process? Why?
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