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Content (what is taught): 

· Exploring material properties as they relate to solar energy.

· Engineering design process

Context (how it is taught):

· Design, build, and test a solar cooker built from recycled materials.
Activity Description:

Students will design a solar cooker from recycled materials.  They will develop a set of plans that include a drawing, a list of materials needed, and a plan of procedure.  Once the cooker is constructed, it will be tested by cooking a specified meal.

Standards:

Science 
Technology

SB3
TA1, TA2, TA3, TA4

Engineering
Math

EA1, EA2




      MA3

Materials List: 

· Use recycled materials available to the students to build cooker.

· Pictures of solar cookers for student analysis can be found at http://www.google.com/imghp?hl=en&tab=wi by typing in solar cookers
· Temperature probe

Asking Questions (Cooking Green)

Summary:  Students will look at solar cookers and analyze what makes them work.  Questions will be asked about the design, materials, and sun angles and how they will affect the solar cooker.

Outline: 

· Students will be presented with a couple different solar cooker designs

· Students will be questioned about what material they think a solar cooker should contain

· Students will think about the design of the cookers

Activity:  The teacher will show a couple of solar cooker designs and ask the students to discuss the advantages and disadvantages of each cooker.  They will be questioned about the materials used in the cookers and the sun angle/time of day.  Students will then think about the design of solar cookers and why they are constructed the way that they are.  

	Questions
	Answers

	Does the angle of the sun make a difference in the cooker?
	Yes.

	What properties should the materials on the inside of the cooker look have?
	Reflective materials will reflect the light within the cooker.  Dark materials will absorb or hold the heat within the cooker.

	Does the color of the materials on the inside matter?
	Yes. Reflective material will focus the light and dark materials will absorb heat.

	Does time of day impact the temperature on the inside of the cooker?
	Yes.  When the sun is most direct will be most effective.

	What properties should the materials on the outside of the cooker have?
	Materials that do not conduct heat.


Resources:  

Pictures or examples of at least two different styles of cookers are needed to discuss advantages and disadvantages of each cooker.  Images of solar cookers can be found at http://www.google.com/imghp?hl=en&tab=wi  and typing in solar cookers.

Exploring Concepts (Cooking Green)

Summary:  Students will research different materials and see how they respond to heating and cooling.  Materials that could be included are steel, aluminum, plastic, etc.  These materials will later be used to construct a solar cooker.  Students will then research what minimum temperatures are needed to safely prepare the following meats:  Fish, Poultry, Pork, Beef and Processed Meats.  

Outline: 

· Students will measure the resistance of different materials to heating and cooling and graph this information

· Students will graph the minimum safe temperatures for different meats

Activity:  Students will select a specific number of building materials and apply a constant heat for a length of time.  Temperature readings will be taken to show the resistance each material has to heating and cooling.  This information will be recorded in a chart and graphed.  Next, students will research what temperature meats need to reach in order for them to be safely consumed.  This information should also be recorded and graphed.  
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	Type of meat
	Minimum safe cooking temp.
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Resources/Materials:

Access to the Internet

A heat source and temperature probe

Instructing Concepts (Cooking Green)
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 life.  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 (Cooking Green)

Summary: Students will create a solar cooker using the engineering design process.  They will find materials that are around the house or school to build the solar cooker.  After construction predictions will be made about the efficiency of the cooker.  A meat will be chosen and cooked as much as possible using the designed solar cooker.  Finally, students will decide if their design was effective enough or could be improved.

Outline: 

· Solar cookers will be designed and built using recycled materials

· Solar cookers will be tested using a meat that students select.

· Results will be analyzed and possible improvements will be discussed.
Activity:  Students will be put into groups and they will gather materials from home or the school and design a solar cooker using the engineering design process.  The teacher should frame guidelines for the cookers relating to size, how long the cookers will get to cook, what they can weigh, etc.  After showing the design to the teacher and receiving feedback, the students will build the solar cooker keeping detailed notes of the construction process.  Next students will select a type of meat and see if their cooker is able to cook the meat to the required minimum temperature in a predetermined amount of time.  Finally, the results from using the solar cooker and any possible improvements will be discussed by the group.
Understanding Learning (Cooking Green)

Summary:  Students will present their findings to the class from the cooker that they built and tested including improvements that can be made.  Students will submit these as evidence of learning as well as take a written exam on the materials.

Outline: 

· Formative assessment of the engineering design process.

· Summative assessment of the engineering design process.

Activity:  Students will report the results of their design to the class including variables that affected the results.  It is critical that students include the last step of the process and think about refinements that can be made to their solar cooker.  These refinements will be included in the report.
Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Were students able to analyze the solar cookers and see what properties that they have?

2) Did students conduct quality research into the materials that they used to build their cookers?

3) Do students understand the engineering design process?

4) Were students able to apply the engineering design process?

Summative Assessment

Students can answer the following writing prompt:
State the steps of the engineering design process that you learned in the lesson.  Be sure to relate each step to the process that you went through in the design, building and testing of your solar cooker.

Students will submit a formal lab write-up of the engineering design process that they went through to build the solar cookers.  The write-up must include a detailed description of how the design process was utilized in the building process.  In addition the report must include: 

1. The data relating to material and meat that was researched

2. The results of the test

3. A detailed analysis of any refinements that could be made to the cooker
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