
[image: image6.png]



Unit Five Outline
Invention and Innovation Tech 665

Tom Weber

Spring 2006
Power point/notes-  Technological Problem Solving


1 Day

Engineer It Activity







2-3 Days
Quiz on Unit five







1 Day

Total









4-5 Days

The students will watch the powerpoint on Technological problem solving and take notes. The Engineer activity will have the student design and create a prototype of an airbag landing system for future moon voyages. There is a grading rubric and a brainstorming guide that will help you with this activity.
Engineer Activity

Overview-

Working in teams, students become hands-on NASA engineers who are asked to design and create a prototype of an airbag landing system for future Moon voyages.

Airbags on the Moon: The Egg-Drop Challenge2

http://www.daughtersandsonstowork.org/user-assets/PDF/curriculumSCIENCE.pdf

Time Estimate: 3-4 days

Sample lead-in:

Scientists and engineers use the scientific method on a daily basis. Does anyone know what an engineer does?..Engineers are like scientists, because they observe nature, but they use what they learn to design tools that help solve

problems. For example, imagine you’re an engineer who observes this problem: there’s land on two opposite sides of a river and no easy way for people to get across. What tool might you design to solve the problem? How about a ferry boat? How about a bridge? You are now all going to become engineers and solve a very big, very real problem—

one that has concerned NASA for some time!

Step 1 and 2 Students work in engineering teams of four. Give each team an “Airbags on the Moon: Engineering Brief” handout and ask a student to read aloud the “Background” and “Problem.”

Give each team 7 balloons and a roll of masking tape: “These are the materials you have to build a prototype of a new Airbag Landing System. To keep costs down, we’re keeping materials as simple as possible.”

Then hand each team one egg: “And this is your piece of super-sensitive scientific equipment.” Encourage groups to examine their “cargo” to be sure it isn’t already damaged in any way. Give each team one “Airbags on the Moon: Engineer It!” handout and explain that each NASA team needs to systematically complete each of the 7 steps. Allow students 20-25 minutes to complete Steps 1 and 2.

Step 3: Student teams briefly present their designs, and design rationales, to the class.

Step 4: Allow students 45 minutes to create their prototypes. Circulate around the room, as a roving consultant, lending ideas where requested.

Step 5: “Let’s put this to the test. Will your cargo land safely without cracking?” Take students outside and have them drop their airbags—and eggs—from various heights. (They can stand on steps, etc.) In one location, place sharp rocks underneath to simulate inhospitable lunar terrain.

Option: Take pictures of teams, their inventions, and the outdoor experiments.

Steps 6 and 7: Student teams debrief and discuss the results of their experiment. They then share their findings with

the class.

Sample wrap-up. Change wording as needed to suit your age group of students:

Whatever work you choose to do when you grow up—whether or not you’re an engineer—it will really pay to be able to think like an engineer who’s good at experimenting and problem solving. Say you become a teacher:

you’ll need to experiment to figure out how best to engage your students and get them excited about learning.

Say you become a doctor: you may also conduct research to figure out the best way to perform a new operation. Say you become a violinist in a major orchestra: you’ll experiment to refine your technique and to figure out how to get the best sound out of your instrument. Problem-solving and creative thinking are universal job

requirements!
Airbags on the Moon: Engineering Brief

Background Briefing

Getting scientific equipment to the Moon or Mars safely, without breaking into pieces, is a big challenge for NASA

scientists and engineers. They’ve experimented with several solutions in the past, such as parachutes, but none of these

has worked very well.

NASA engineers recently came up with a new idea. After seeing how airbags protect people from impact in cars, they

decided to try airbags in missions to Mars and the Moon to cushion the landing of sensitive scientific equipment on rough

and rocky terrain.

The Problem

You are part of a team of NASA engineers who have been asked to design and create a prototype (small model) of an

airbag landing system for future Moon voyages. Your challenge: In your team, come up with an airbag system to protect a

sensitive and valuable piece of scientific equipment.
Airbags on the Moon: Engineer It!

Brainstorm Designs

Brainstorm lots of design ideas for your Airbag Landing System. Remember: in a brainstorm, any idea goes. Sketch ideas here (use another page if needed):

Choose and Predict

Argue for and against each design. Then pick one: Which do you think will work best and why?

Invention name:

Present

Present your team’s airbag design to the class and explain why you think it will work.

Create

Have your team work together to build a model of your airbag landing system. If you run into any problems, don’t hesitate to go back to the drawing board and revise your design.
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Test Your Invention

Launch your airbag from three different heights and observe what happens. Write down the results of each experiment. Perform at least 3

trials: if the first succeeds, you need to be sure this isn’t a fluke!

Launch one Height ____________ Result ________________

Launch two Height ____________ Result ________________

Launch three Height ____________ Result ________________

Improve

What can you learn from this experiment? Have a team discussion and answer 5 questions:

1) How well did our team work together?   _________________________________
2) How would you rate your team’s product? __________________________
3) What do you think was the best part of your design, and why? __________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________

4) What do you think was the weakest part of your design, and why?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5) How could your team make your airbag system better? What difference do you think this change would make?

__________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________

Draw a sketch of your improved design in the box below.

Share Findings

Tell other design teams what went right, what went wrong, and what you learned. Listen carefully and see what you can learn from other team’s experiences.
	Building A Structure : Airbag Landing System



Teacher Name: Mr. Weber 


Student Name:     ________________________________________ 




	CATEGORY 
	4 
	3 
	2 
	1 

	Construction - Care Taken 
	Great care taken in construction process so that the structure is neat, attractive and follows plans accurately. 
	Construction was careful and accurate for the most part, but 1-2 details could have been refined for a more attractive product. 
	Construction accurately followed the plans, but 3-4 details could have been refined for a more attractive product. 
	Construction appears careless or haphazard. Many details need refinement for a strong or attractive product. 

	Function 
	Structure functions extraordinarily well, holding up under atypical stresses. 
	Structure functions well, holding up under typical stresses. 
	Structure functions pretty well, but deteriorates under typical stresses. 
	Fatal flaws in function with complete failure under typical stresses. 

	Modification/Testing 
	Clear evidence of troubleshooting, testing, and refinements based on data or scientific principles. 
	Clear evidence of troubleshooting, testing and refinements. 
	Some evidence of troubleshooting, testing and refinements. 
	Little evidence of troubleshooting, testing or refinement. 


Brainstorming Guide
Brainstorming is a group technique for generating new, useful ideas and promoting creative thinking. It can be used to help 1) define what project or problem to work on, 2) to diagnose problems , 3) remediate a project by coming up with possible solutions and to identify possible resistance to proposed solutions. 

Roles 

There are three roles for participants in a brainstorming session: leader, recorder and team member. 

Leader

This person needs to be a good listener.
Before the session they need to refine a statement to help the others on the team focus on the reason for the brainstorming, and prepare the warm up activity. 
During the session the leader will need to relay the ground rules of the session, and to orchestrate the session. 

The Problem Statement 

· needs to be specific enough to help participants focus on the intent of the session, but it must be open enough to allow innovative thinking. 

· should not be bias so it favors a particular solution or excludes creative ideas. 

Ground Rules for Brainstorming 

1. All ideas are welcome. There are no wrong answers. During brainstorming, no judgments should be made of ideas. 

2. Be creative in contributions. Change involves risk taking, it's important to be open to new, original ideas. Every point of view is valuable. 

3. Attempt to contribute a high quantity of ideas is a short amount of time. 

4. Participants should "hitch hike" on others' ideas. 

Recorder
This person needs to write down EVERY idea - clearly and where everyone in the group can see them. Check to be sure the materials provided will allow you to write so everyone in the group can clearly see what you are writing. The recorder could be the same person as the leader. 

Team Members - The number of participants should be no less than five, and no more than ten. The ideal group number is usually between six and seven. Sometimes it is helpful to include a person on the brainstorming team who has worked with the subject in the past. 
Team members will follow this brainstorming procedure: 

1. Team members will make contributions in turn. 

2. Only one idea will be contributed each turn. 

3. A member may decline to contribute during a particular round, but will be asked to contribute each round. 

4. Participants should not provide explanations for ideas during brainstorming. Doing so would both slow the process down, and allow premature evaluation of ideas. 

Set the Stage

· If possible the group should know what the brainstorming session is about before the session begins. This will allow them to think about the session. 

· Provide appropriate places and ways to record ideas. This could include: flip charts, chalk or white boards, Post-Its, or large monitored computers. 

· Provide a mental and physical environment which allows for creativity. Putting out thing such as magazines, clay, books, water colors, slates, a kaleidoscope, or jacks. 

Steps for the Leader on How to Brainstorm 

1. Introduce the Session. 
Review the reason for the brainstorming session; discuss the ground rules, and the team member procedure to be used. 

2. Warm-Up. 
Provide a warm up activity (5 to 10 minutes) that helps the group get use to the excitement possible in a brainstorming session. This activity should be on a neutral subject that will encourage participants to be creative. The leader may want to end the warm up by having the members discuss what could be said about the ideas that would prevent brainstorming from being successful. 

3. Brainstorming. 
This is the creative part! Set a time limit of 20 to 25 minutes. Sometimes it is effective to call time and then allow 5 more minutes. Stop when there is still excitement; do not force the group to work. Guide the group to generate as many ideas as possible. All suggestions made must be noted by the scribe. The scribe should use the speaker's own words. If the speaker's idea is long, the leader may need to summarize it and verify with the originator if the summary is correct. 
4. Process the Ideas. 
Review ideas for clarification, making sure everyone understands each item. Similar ideas should be combined and grouped. At this point you can eliminate duplicate ideas and remove ideas. Next the group should agree on the criteria for evaluation. This could include: time allotments, talents and skills of the group, and more. 

5. Establish a consensus if appropriate. 
Have the group vote on ten ideas to consider, then have the group vote on five of the ideas and tally the results to get a priority of feelings of the group. 
After refining ideas give each team member 100 points to allocate on the idea list. Team members can use their points however they wish. 
Have team members pick the five ideas they favor. Then ideas with the most picks can be prioritized. 
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Quiz – Unit 5 Technological Problem Solving

Name ______________________________ Period _______________________

Fill in the following blanks about the main ideas of Technological problem solving. 
· Describes a _________________ as a need which must be met.

· ______________ and wants.

· ___________________ to be taken advantage of.

· New technology gets created in response to a _______________ that needs to be solved.

Problem Solving Model – Place the nine statements about problem solving in the correct order. Use the word bank below to answer the question.
1. Identify the problem

2. 
3. 

4.

5.

6.

7.

8.

9.

Evaluate, revise and refine solution - Define the problem (refine) - Gather information -  Build a model or prototype of the solution - Develop alternative solutions - Communicate the solution - Express the design. (Sketch or Drawing)
What are the three different jobs in brainstorming?

1. _______________________

2. _______________________

3. _______________________
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Technological Problem Solving Notes

Unit Five
Technological Problem Solving

Problem Solving vs. Design

Problem solving Model

Design Briefs

Creative Brainstorming

What is Technological Problem Solving?

· Describes a problem as a need which must be met.
· Desires and wants.

· Opportunities to be taken advantage of.

· New technology gets created in response to a problem that needs to be solved.

LowPhat Skateboards:
 A Problem Solving Story

·  Back in the late 70s, Venice Beach was the place to show off your skateboard. There wasn’t much in the way of skateboards back in those days so kids were improvising and making their own. I used to see boards made out of every imaginable material… fiberglass, wood, Plexiglas, aluminum. Some boards were decorated but most of them were just functional. I also had my own board that I made in woodshop class. I needed a board that would handle like one with flex, but actually was more stable with a lower center of gravity. It was made of maple, using a four-layer lamination technique. 

· I moved to Hawaii, then I noticed that surfboards were getting longer, and I remembered my old skateboard that had been lost for a long time. I saw that someone was making longer skateboards, and thought “those would look cool if they looked like custom surfboards” and the idea was born! So, in the late 80s, I started making my first boards, patterning them after the graphic designs on custom surfboards. 

I was out with a friend one day riding my boards trying to come up with a name for my fledgling business. I was thinking “this ride is low and wide....low and wide...low and....” and then my friend said, “man, this ride is phat”. And it just clicked.

Problem solving and design
What’s the difference?
· Designing is proactive problem solving.
· Designing can be the refinement of the original concept.

· Design includes invention and innovation.

· Troubleshooting is reactive problem solving.
 The problem solving model
1. Identify the problem
2. Define the problem (refine)

3. Gather information

4. Develop alternative solutions

5. Select and refine the best solution

6. Express the design. (Sketch or Drawing)

7. Build a model or prototype of the solution

8. Evaluate, revise and refine solution

9. Communicate the solution

PROBLEM SOLVING APPLICATIONS

· Gibbs Technologies Ltd, the world’s only High Speed Amphibian (HSA) technology specialist, today unveiled a prototype of the first commercially viable high-speed amphibian Quadbike/All Terrain Vehicle (ATV) - Quadski.
Quadski is the third demonstration of Gibbs’ HSA technology following the successes of the Aquada and the Humdinga. It is capable of travelling up to 50 mph (72 kph) on land and water and makes the transition at the flick of a switch. 
Design Briefs- How do they help with the problem solving process?

· They Identify a realistic problem
· They make sure the design has a purpose

· They include specific context and not vague ideas

· Must be open-ended with a variety of correct solutions

· Expected results should be clearly identified

Sample Design Brief

·  Maglev Design Brief

· http://melroseschools.com/mms/tech_ed/briefs/design_brief_maglev.htm
Marshmallow Problem www.howtoons.com

Creative Brainstorming
Brainstorming is a method for developing creative solutions.

It works by focusing on the problem and then coming up with as many solutions as possible.

Roles for Brainstorming

· Leader – Teacher or student

· Recorder – This person makes sure that all ideas are recorded accurately and visibly on a flip chart.

This material is based upon work supported by the national science foundation under Grant No. 0402616. Any opinions, findings and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation (NSF).
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Driving Technology Education Standards
The standard is followed by the specific grade-level appropriate benchmark.
• Standard 2: Students will develop an understanding of the core concepts of technology.
o [2.R] Requirements are the parameters placed on the development of a product or system.
o [2.T] Different technologies involve different sets of processes.

• Standard 8: Students will develop an understanding of the attributes of design.
o [8.E] Design is a creative planning process that leads to useful products and systems.
o [8.F] There is no perfect design.
o [8.G] Requirements for a design are made up of criteria and constraints.

• Standard 9: Students will develop an understanding of engineering design.
o [9.F]Design involves a set of steps, which can be performed in different sequences and repeated as needed.
o [9.G]Brainstorming is a group problem-solving design process in which each person in the group presents his or her ideas in an open forum.
o [9.H]Modeling, testing, evaluating, and modifying are used to transform ideas into practical solutions.

• Standard 10: Students will develop an understanding of the role of troubleshooting, research and development, invention and innovation, and experimentation in problem-solving.
o [10.F] Troubleshooting is a problem-solving method used to identify the cause of a malfunction in a technological system.
o [10.G] Invention is a process of turning ideas and imagination into devices and systems. Innovation is the process of modifying an existing product or system to improve it.

• Standard 11: Students will develop abilities to apply the design process .
o [11.I] Specify criteria and constraints for the design.
o [11.K] Test and evaluate the design in relation to pre-established requirements, such as criteria and constraints, and refine as needed.
o [11.L] Make a product or system and document the solution. 
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