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Instructional Component Used: Engineering process
Grade Level: 6th

Content (what is taught): 

· Measurement conversions between English and Metric will be discussed and practiced

· Engineering design process and teamwork

· Adversity challenges

Context (how it is taught):

· Students will build a tower using Metric and English measurement and conversions.
· Students will use the steps on the engineering design process and improve teamwork abilities.
· Students will demonstrate problem based skills and be able to communicate in a group.
Activity Description:

The Katana PowerPoint presentation will be viewed and discussed. Students will view examples of world famous towers observing shape, variation of building materials, and height. They will then build a practice tower from instructions and their own group wind tower design. 
Standards:

Science: SE1
Technology: TA2, TB4, TD2, TB4
Engineering: EA3, EA6, ED1, ED3
Math: MD1, MC1
[image: image2.emf]Materials List: 

· Google Sketch Up (optional) 

· Pocket Mods.com 

· Design process Template

· Paper cups

· Straws

· Brads

· Note cards
· Pinwheel toy for demo
· Paper circles

NOTE: Some of the supplies available will not be needed.  They are made available to encourage problem based learning skills.

Asking Questions: (Wind Tower Build)
Summary: Students will think about towers, engineering design, and a building's stability after viewing the Katana Wind Tower PowerPoint. 

Outline: 

· View the Katana PowerPoint

· Students will view real life examples of various tower styles to include wind turbine towers and windmills. Google Sketch Up of a wind tower can be used to allow students more practice opportunities.

· Discuss engineering design and tower stability (i.e. pyramid shape)

· Discuss environmental factors that affect a tower’s design (heat, ice, wind, etc.)

· Demonstrate wind towers by using a pinwheel demo.

Activity: Students will view the Katana PowerPoint (see attached file: E020-SHINE-Windtower_build-A-Katana.ppt).  Next, students will discuss tower design and observe pictures of different towers from around the world by searching the Internet.  Finally, students will view a toy pinwheel demonstration.  The movement, blade angle, and size will be discussed. A photo of a wind tower and a windmill will be compared.  Teacher note: the windmill blades are much shorter in length on a normal windmill versus a wind tower. Ask the following questions:

	Questions
	Answers

	Does a tower’s design matter?
	Yes, for stability and strength.

	Why are towers’ bases broader than the tips?
	This gives support

	What shape are most wind towers? 


	Cylindrical or Triangular 

	Would it be better built from cones or cylinders?
	Cones.

	What forces of nature stress a wind tower in real life?
	Wind, heat, ice. 

	How is a real wind tower built? 
	Cams are welded one on top of the other. 

	Do the number of sections matter?
	Yes.  The more sections there is the more height the tower has.

	How do these two examples of blades vary? Why do you think they are different?
	Blades angle should be similar however, length will be much greater in the wind tower example.


Resources:  

· Katana PowerPoint

· Google Sketchup:  http://www.sketchup.google.com
· Photos of wind turbines:  http://www.wind-works.org/photos/wind_farm.html 

Attachments:

Katana Summit PowerPoint:  E020-SHINE-Windtower_build-A-Katana.ppt



Exploring Concepts: (Wind Tower Build)
Summary: A wind tower model will be built to simulate Katana using the engineering design process which will teach building style and technique so students will be able to build their own wind tower without instructions. 

Outline: 

· A model wind tower will be built from newspaper with brief directions for introduction of style and practice.

· Make pinwheels to represent fan blades after a toy pinwheel demonstration is given.

Activity: Students will practice their building abilities and teamwork by creating a tower out of newspaper and tape. They will be given directions similar to the following: 

1. Roll a sheet of newspaper and tape it so it is a cylinder (you can make as many of these as you wish).  Make sure one end of the tube is smaller than the other. 

2. Stand one of the rolls up on the floor, flare the base of the roll so it is wider than the top and can stand with support.

3. Add another newspaper roll on top of the first by inserting it inside the first roll.

4. You may need to make adjustments to your towers as you build so it is decreasing in size the higher it goes.

5. Continue building the tower until it is taller than you. 

6. Full 16-ounce bottles, pipe cleaners, or straws may be used for support as needed. 

Once the towers have been completed, the students can make and add a pinwheel to simulate wind blades. This is optional and the instructions are linked below. 

Resources: 
· Explanation of Problem Based Learning Style: 

http://www.coloradoadulted.org/SS%20Lessons%20for%20Adult%20Learners/Curriculum%20Topics/lessontemplate.pdf)
· Pinwheel Instructions: http://www.leslietryon.com/3dcolorcutout/makepinw/makepinwheel.html 

Instructing Concepts: (Wind Tower Build)
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: (Wind Tower Build)
Summary:  Students will design and build their own towers in groups from materials given. 

Outline: 

· Demonstrating problem based learning style, students will build a wind tower model in groups using fractional sections of note cards and meeting specific requirements (NOTE: students should draw upon knowledge gained in the practice build).

Students will remove a fractional proportion of each note card to represent diminishing cam size. Cam is a portion of a real wind tower.

· Measure using estimation and then round data to nearest ½ inch

· Convert data measurements from English to Metric using chart

Activity: In this lesson, students will use a problem based learning method by designing and constructing a wind tower model. Directions will not be given so to encourage students to be creative. Collect building materials and assign each object a price. Give each group of students a budget and allow them to “shop” for their materials.  Good building materials could include paper clips, straws, newspaper, masking tape, etc.  Students will then divide themselves into different jobs/roles of a coordinated team to collaboratively work this build project (architect, engineer, project manager, materials buyer, etc.).  Each student will choose a job description and fulfill that role within the group.  Criteria will be given for towers (required height and stability, at least 20 ½ in tall, freestanding, and able to withstand simulated wind force).  Once the towers have been built, they can be measured and tested. Students’ towers will be tested for strength and stability using index cards for weight and a fan to represent wind stress to simulate real life.
Alternate Idea- Instead of giving students a variety of building materials and a set budget, they can be given only index cards or circles and tape.  Half the groups will build using cones and the other half will build using note cards rolled into cylinders. Circles will be given with directions to remove 1/32, 1/16, 1/8. ¼, and ½ of each note card to create cams of decreasing size. Students will only be given one fraction piece equaling a 1/16 and must calculate the remaining fractions by using the 1/16 as a guide.

Either way the towers are built, make the students estimate their towers’ height. Do not supply rulers. Students will design an impromptu measuring device with which to measure and estimate (NOTE: Notebook paper is 8 ½ by 11 inches or see “How To” site linked below).  Students will round their measurements of the towers height to the nearest half-inch. Students will make metric conversions using a formula after rounding to the nearest inch. Next, conversion data will be entered into their engineering notebook and checked to be sure they meet height requirements. String will be used to measure the circumference of the tower’s base. It will then be converted to metric measurements (millimeter, centimeter). NOTE: Some numbers will be decimals providing another opportunity for discussion of fractions.
Resources:

Ways to Measure Without a Ruler:  

http://miniatures.about.com/od/scaleminiatures/f/quickscalemeasure.htm 

Understanding Learning: (Wind Tower Build)
Summary: Gather the entire classroom back together to present their towers and review what they learned about towers and engineering design.

Outline: 

· Formative assessment of engineering design

· Summative assessment of engineering design

Activity:  Students will complete written and performance based assessments centered around engineering design.

Formative Assessment

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

1) Why do you think wind towers are built from cylinders rather than cones? 

2) What modifications would need to be made to create a stronger tower? 

3) What changes need to be made to create a taller tower? 

4) How could different world locations affect the design Katana uses?

Summative Assessment

Students can answer the following writing prompts:

1) Explain the engineering design process and how you applied it during your wind tower build.

2) How could you use engineering design to improve your wind tower?

Performance Assessment

Students can complete the following performance assessment:

Using the engineering design process, design and create a wind tower using only plastic cups.  The tower must be at least 4 feet in height.  It can be constructed with or without the aide of materials (tape, paper clips, etc.) depending on the difficulty the teacher wants to incorporate.

Packing Tape


Coffee Stirs  


Paperclips of various sizes


Writing utensil


Masking Tape


Binder clips


Paperclips


1/16 fraction of the note card used to estimate other fractions
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