SPIRIT 2.0 Lesson: 

                                          Get-R-Done 
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Grade Level: 7-12

Content (what is taught): 

· Measurement of temperatures and lengths

· Engineering Design

· Take Readings

Context (how it is taught):

· Build structure to collect sun’s energy
· Monitor and Record Temperatures
· Modify and adjust to test different theories

Activity Description:

In this lesson, students will design and build a solar oven that can reach a preset temperature set by the instructor for each different level of class subject. They will use the resources provided to them by the instructor to construct their project. They will record temperatures over a course of interval times from their projects and record data. The students will make hypothesis as to what they could do differently to increase the temperatures of their ovens and determine what variables are affecting their results. The students will follow up with changes to their projects to see if those variables they modified really did have an affect by measuring the temperature over a new time period.

Standards:

Science  SB3, SE2, SF2, SF5
Technology  TA1, TC4,
Engineering    EA1, EA2, EA5, EB2, EB3,
Math  MD1, MD2, ME1,
 

EC1, EC4, EC6, EE2, EE5

Materials List: 
Geometry:  Pringles can(sizes may vary), glue, tape, colored paper, tin foil, clear wrap,  

                   cardboard, newspaper, temperature gauge, Scissors.

Algebra II: Rectangular prisms(pizza, box shoe box) (sizes may vary), glue, tape, colored paper,  

                   tin foil, clear wrap, cardboard, newspaper, temperature gauge, Scissors.

Advanced Math/Calculus: Any type of container(sizes may vary), glue, tape, colored paper, tin 

                                           foil, clear wrap, cardboard, newspaper, temperature gauge, Scissors.

Asking Questions (Get-R-Done)

Summary: 
Discussion will center around how a solar oven works and what temperature can be achieved using resources provided by an instructor to build a device to collect the sun’s energy.

Outline: 

( Discuss ways people cook their food in different parts of the world.

( Solar ovens will be analyzed.

( Students will give opinions about what temperature they think they can achieve in a solar over they will create.

Activity: 

The teacher will show a video on solar ovens in use in foreign countries.  You can find resources on solar ovens and their uses by doing a search on the internet.  Students should think about the pros and cons of solar ovens.  After informing the students that they will be designing a solar over, an analysis of the design of solar ovens will be conducted.  Finally, after the analysis students will give opinions on what temperature they think that they can achieve in a solar oven of their own design.

	Questions
	Answers

	What are the pros and cons of a solar oven?
	Answers vary.  Free energy….you must have sunlight….etc.

	What elements do you think must be present in the design of a solar oven?
	Answers vary.



	What temperatures can be achieved in commercial solar ovens?
	In excess of 300 degrees Fahrenheit.



	What temperature do you think can be generated by the construction of a device using the resources provided?
	Answers will vary based on the design students used.


Exploring Concepts (Get-R-Done)

Summary: 
Students can discuss as group, elements of the sun and its characteristics and possible design elements of a solar oven using the provided materials. They should also discuss how different materials are affected by sunlight and how changing the design might change the efficiency of the solar oven.

Outline: 

· Students will draft a design they are thinking about building.

· Students will build a prototype of their idea.

Activity: 

The group will discuss solar ovens and how the sun, the direction of the sun’s rays and the materials that are available might effect a solar oven.  Possible design elements can be discussed as a group and then the students can be divided into design teams.  Each team will draw a rough draft of their design they are contemplating, write a brief explanation of why they think that their design will be effective and then build a prototype of it using the provided materials.
Resources:
Depending on the level of the class, the teacher should provide different materials that will effect the efficiency of the solar oven.  As the level of the class increases the design and the resulting temperature should become higher.  Below is a possible list of materials for different levels of math classes:

Geometry:  Pringles can(sizes may vary), glue, tape, colored paper, tin foil, clear wrap,  

                   cardboard, newspaper, temperature gauge, Scissors.

Algebra II: Rectangular prisms(pizza, box shoe box) (sizes may vary), glue, tape, colored paper,  

                   tin foil, clear wrap, cardboard, newspaper, temperature gauge, Scissors.

Advanced Math/Calculus: Any type of container(sizes may vary), glue, tape, colored paper, tin 

                                           foil, clear wrap, cardboard, newspaper, temperature gauge, Scissors.

Instructing Concepts (Get-R-Done)
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 (Get-R-Done)

Summary: 
Students will test their design prototypes to see how effective the team’s design is by gather temperature readings over a period of time and recording them on a chart.

Outline: 

· Take the temperature of their project over a period of time.

· Measure the angle of elevation of their project to the sun.

· Record the time of day of their reading and weather conditions.

Activity: 

The solar ovens will be set up outside of the school building.  The temperature of the oven and the angle of the sun will be measured at predetermined intervals (possibly every 30 minutes).  The measurement will be conducted for a predetermined length of time (possibly 4 hours).  The measurement will be recorded and charted in a graph. 
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Understanding Learning (Get-R-Done)

Summary: 
Students will evaluate their projects and make modifications to improve their designs to make the best possible device to produce heat.

Outline: 

· Formative assessment of the engineering design process.

· Summative assessment of the engineering design process.

Activity: 

Students will answer a writing prompt relating to the engineering design process and submit a formal lab write-up of the design process that they used in the creation of their prototype.

Formative Assessment

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

1) Do students understand the steps of the engineering design process and how to apply them? 

2) Do students understand how different designs might effect the efficiency of the solar ovens?

3) Were students able to take accurate readings of temperature and sun angle?

Summative Assessment

Students can answer the following writing prompt:
Using the engineering design process, outline the steps of the process and give detailed examples of how you applied each step in the design and testing of your prototype solar oven.

Students will submit a formal lab write-up of the design process.  The write-up must include:

1) Preliminary sketches

2) Photos of the prototype

3) How each step of the design process was implemented in the construction of the solar oven

4) Data that was collected in the testing phase

5) Results

6) Any improvements that could be made to the design.

After the analysis of the design students will make changes that they think might improve their design.  They will make these changes and then retest their project based on these changes to see if they actually improved it. 

Finally, a class discussion will share their results and then brainstorm as a group to see what the general consensus is to make the best solar oven.

Projects will be graded based on the rubric given at the beginning of the project. The rubrics will change based on each different level of class.
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