STEM Engineering Design Challenge

Title:	“Bottled Up Energy”
Grade Level:	Grades 9-12
Duration:	3 Days 

Standards:
Science
· SC.912.P.12.3:  Interpret and apply Newton’s three Laws of Motion
Mathematics
· MAFS.912.N-Q.1.1: Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
Career Technical
·   Computer Applications in Business I and Career Planning – 03.12
  Apply communication skills in presenting the report
Formative Assessment:
Teacher will circulate during the design process to be sure students are staying on track toward the learning goals.  Use the following guiding questions to help address and correct misconceptions.
· How does the mass of your vehicle affect its speed?
· How does the condition of the track affect the speed of your vehicle?
· What could you do to your vehicle to make it move faster?
· How could your model be used to drive the design of a full-sized vehicle?

Summative Assessment:
Students will write an analysis of the data collected and draw conclusions based upon their analysis. Students will first self-assess the quality of their work by using a rubric. The rubric will set the parameters of excellence based upon accuracy of data collection, graphic displays, and data analysis. Students will meet the criteria of language use and conventions according to the Florida Standards for writing to inform. Students will share their findings with the class and be assessed by their classmates using the same rubric. Students will explain how potential energy is related to kinetic energy and how it is transformed. Students will understand how changing the angle of a ramp increases or decreases the gravitational forces applied to that object. They will observe this and measure the angle, speed, and distance travelled by their vehicle. 
Set-Up:
1. Have the following materials available for students:  
· Various Plastic Bottles (Car Body)
· Straws
· Wheels
· Sticks
· Weights
· Tape
· String
· Popsicle Sticks
· Paper Clips
· Cardboard 
2. Set up a Teacher Table with Needle Nose Pliers, Craft Knife, Scissors, Glue Gun, and Staple Gun.
3. Set up a track up to 20’ long (depending on available space). Wood planks at least 1’ wide are best. You will also need materials to change the elevation of the track. Textbooks or pieces of wood cut to different heights could be used. (See the pictures below for ideas.)
4. You may also provide sandpaper, tinfoil, and other materials that can be used to change the surface of the track.
Learning Goals: 
· Students will be able to experimentally determine the relationship between force, mass, and acceleration.
· Students will apply Newton's Laws of Motion as they relate to real-life situations.
· Students will use appropriate units when describing related measurements.
Engage (20 min.):
· Roll a car or a ball across a student desk or the floor. Ask the class what they observed about the motion of the toy and to explain why the car or ball moved the way it did.
· Tell the students that we use Newton’s laws to explain motion.
· Tell the students that they will be attempting a design challenge that will ask them to use their interpretation of Newton’s laws to design a vehicle.
· Ask them to use a graphic organizer (attached) to organize what they learn about Newton’s Laws from the following videos uploaded to YouTube by Michel van Biezen:
Newton's 1st Law
Newton's 2nd Law
Newton's 3rd Law
· Roll the balls or car again. Ask students to use what they now know about Newton’s laws to explain the motion.
· Ask them how they might apply their explanation to the motion of a vehicle.
· Ask them how the condition of a road (elevation, surface) affects the requirements they might be needed for a successful car design. 
Goal:  What is your engineer team’s goal or problem today that you will need to solve?  Engineers use the engineering design process when solving a problem. You will also use this process as you create your design. The engineering process involves 5 main steps. 
1. Ask questions that will help you achieve your goal.
2. Imagine at least two possibilities for design.
a. What could be some solutions?
b. Brainstorm ideas.
3. Plan the design before building.
a. Combine ideas to come up with a final design.
b. Make a list of the materials needed.
4. Create at least one design solution.
a. Follow the plan and create it.
b. Test it out!
5. Improve the design based on evidence around the original design criteria.
a. Make the design better.
b. Test it out!

Production – Design satisfies the goal. (Production of the thing or process only occurs when the design meets the goal.)
Present students with the following scenario:
The Gamma X Car Company has assigned your group with the task of designing and engineering a car for future production. The leader of the company wants to create a car that will be more fuel efficient and take advantage of potential energy. He would like for your group to design a car that will go down an elevated area with little resistance to take advantage of the conversion of this type of energy source. You will be competing against other engineering groups to get your model approved to be the new Gamma X vehicle. Before you can be paid for your project, you will need to test and present your design and evidence to the board of the company 
Your group will need to follow some steps to complete your assigned task.
1. You will need a team leader to manage time, documentation, and other responsibilities; someone to take control of your budget; and someone to illustrate your model for the presentation of your product. 
2. Brainstorm ideas and designs for your experimental car concept. In your journal, document the reasoning behind the concepts for your car. Envision and write down any possible changes that may need to be made after testing.
3. Using the form provided, fill out a budget for the supplies needed for your design.
4. Purchase the supplies needed for building your concept car. 
5. Build your model needed for testing using only your purchased supplies.
6. Testing Day 1 will be for testing your car at different angles/heights needed to adjust to change the amount of potential energy and simulate different driving conditions. Make sure to record time and distance travelled, and then use the data to calculate the speed of your vehicle.
7. As a team, make any changes needed to your design. As you are making these changes, make sure they are being documented to provide accurate data to see if they have positive or negative effects.
8. Testing Day 2 will be used to compare and contrast the changes that were made to the vehicle. You will be testing your car at different angles/heights needed to adjust to change the amount of potential energy and simulate different driving conditions. Make sure to record time, distance travelled and then use the data to calculate the speed of your vehicle.
9. Record and analyze all data in your journal or lab book for transplanting in your presentation.
10. As a team, design a presentation from your collected data. This presentation can be a poster, PowerPoint, video, or a combination for your 3-5 minute presentation of your vehicle to the board. Explain the benefits and improvements made to your model, and why your car should go from a model to a completed version with a motor.
Ask:  What do you need to know in order to reach the goal? Be sure to discuss:
· Materials and tools available for student use
· Criteria and constraints (i.e. budget, time, materials)
· Testing procedure
· How students will measure the success of their design
· Students’ roles within their design groups 

Activity (20 min.):
Imagine:  What are some possible solutions to the problem? (5 min.)
Let’s look at the goal again. Your team will need to design and create a Gamma X Car Design. You will have 20 minutes to imagine or brainstorm possible solutions to this problem. What will your design look like? How will you use the materials to create your design?
(During this time, circulate the classroom and visit each table. Students should be drawing/writing their ideas. Ask students if they have any questions and answer them when applicable.)
[bookmark: _GoBack]Your team will be provided with a budget of $150.00. You are going to have to use this budget to purchase your items to build your car. You may have money left over, but you may not spend more than $150 on items. You may exchange or return items to the store, only if the items have not been used.
Assign a team member to keep track of the budget and items that are purchased.
	Item
	Cost
	# Needed
	Amount

	Bottle (Car Body)
	$20 each
	
	

	Straws
	$10 each
	
	

	Wheels
	$10 each
	
	

	Sticks
	$5 each
	
	

	Weight (per gram)
	$0.50 per gram
	
	

	Tape (1 foot)
	$10 per foot
	
	

	String (1 foot)
	$10 per foot
	
	

	Popsicle Sticks
	$1 each
	
	

	Paper Clips
	$5 each
	
	

	Card Board (square)
	$10 a square
	
	



Total Spent on Items: ____________
Remaining Balance after items are purchased: ____________

Plan: You will have 10 minutes to combine ideas into one design.
(Provide instructions for students on how to create their plan. This could include drawing or writing ideas on a data sheet, making a model, sharing ideas in a discussion, voting on ideas to use in the plan, etc.)  
(During this time, circulate the classroom and visit each group. Listen to students’ ideas and make sure that every student is getting the opportunity to share their ideas about the design. Some questions you can ask include: “Has everyone had the opportunity to share their ideas?” or “What materials will you choose to use in your design?” If a student is not talking, look at them and say, “What ideas do you have about the design?”)

(After 10 minutes, regroup students to go to the next step.)

In order for you to move on to the next step, the teacher must approve your design.  Once the teacher has approved your design, your team may begin creating Gamma X Car Design. 	


Create:  Build your team’s design following your plan. You will have 45 minutes. 
(During this time, circulate the classroom and visit each group. Some questions you can ask include: “How did you come up with this design?” or “Have you ever done anything like this before?”)
(Make sure that all students are given the opportunity to help create the design. If you notice students unengaged, you can ask them, “What have you contributed to this design?” or “Can you help this student with this part?”)

(Remind students to check documentation and explanation of changes to their design which are criteria groups must meet in order to test their design.)

 (After 45 minutes, tell students to stop building and that it is time to test.)


Test:  Now it is time to test your designs!  
First, let’s review the goal: 
Your group is designing a car that will go down an elevated area with little resistance to take advantage of the conversion of this type of energy source.
Testing on your car will be performed on a 20-foot track at set at different angles/heights. This is to adjust the amount of potential energy in your car and to simulate different driving conditions. 
Make sure to record time and distance travelled, and then use the data to calculate the speed of your vehicle. Record and analyze all data in your journal or lab book for transplanting in your presentation.
(After testing, have the students compare the different designs of other groups.)
· Ask students to describe any similar ideas multiple groups used.
· Ask students to describe any different ideas groups used.
· Ask students why they think some designs came closer to meeting the goal. 
· Ask students how changing the surface of the track might affect the success of the design.
Improve:  Discuss with your team ways to improve your design. You will have 15 minutes to improve it. 
(During this time, circulate the classroom and visit each table. Ask questions, such as: “How are you going to improve your design?” or “What changes are you making to your design and why are you making them?”)
(After 15 minutes, tell students to stop building and that it is time to test.)


Test:  Now it is time to test your improved design!  
First, let’s review the goal: Bottled Up Energy Gamma X Car Design! 
The Gamma X Car Company has assigned your group with the task of designing and engineering a car for future production. The leader of the company wants to create a car that will be more fuel efficient and take advantage of potential energy. He would like for your group to design a car that will go down an elevated area with little resistance to take advantage of the conversion of this type of energy source. You will be competing against other engineering groups to get your model approved to be the new Gamma X vehicle. Before you can be paid for your project, you will need to test and present your design and evidence to the board of the company.
Testing Day 2 will be used to compare and contrast the changes that were made to the vehicle. You will be testing your car at different angles/heights needed to adjust to change the amount of potential energy and simulate different driving conditions. Make sure to record time and distance travelled, and then use the data to calculate the speed of your vehicle.
Record and analyze all data in your journal or lab book for transplanting in your presentation.
As a team, design a presentation from your data collected. This presentation can be a poster, PowerPoint, video, or a combination for your 3-5 minute presentation of your vehicle to the board. Explain the benefits and improvements made to your model and why your car should go from a model to a completed version with a motor.
Students will measure the success of their vehicle by the speed of your car at each height. The biggest factor will be documenting the average speed reached by each vehicle. The vehicles will also be judged by creativity as well.
(After testing, have the students compare the different designs groups created.) 
· Ask students to describe any similar ideas multiple groups used.
· Ask students to describe any different ideas groups created.
· Ask students why they think some designs came closer to meeting the goal. 
Discussion (10 minutes):  
· Did your team’s design meet the goal? Why or why not?  
· Did your design improve? How do you know?
· Are there any changes you would still like to make to your design? 
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Summative Assessment
The final lab report and presentation are to be used as the summative assessment, however to ensure your students understand the concepts, consider requiring these traditional assessments:
Newton’s Laws Quizzes	
Students should go to the following Khan Academy web links and complete the quizzes on Newton’s Laws:
· Newton’s First Law: Newton's First law 
· Newton’s Third Law: Newton's Third Law of Motion 
· Newton’s three laws: All of Newton's Laws of Motion 
Students can show you their score on their computer screen or they can take a screen shot to share with you and add it to their lab report. This will show an understanding of the three laws in addition to the application from the engineering challenge.
As an additional option, you could have them take the quiz before the activity as a pretest, then after the lesson, the scores should improve quite a bit as a post-test.
Accommodations/Recommendations:
For students needing extra assistance, provide them with the following lab report for documentation.


Lab Report

Name: ____________________________ 	 Date: _______________

Title:

Purpose/Problem:


Hypothesis:


Materials/Supplies:


Procedure:


Observations and Data:


Conclusion/Summary:



Conclusion Do’s and Don’ts

· Do draw an illustration or a graph, if appropriate.
· Don’t list the data again, but summarize, discuss, and analyze the data.
· Do explain why your hypothesis was correct or incorrect from your observations or data.
· Don’t give the procedure again, but do point out possible sources of error.
· Don’t forget to break up your ideas with more than one paragraph. Your conclusion is an essay.

Helpful Format for Writing a Conclusion
(The length of blank lines does not indicate the length of your entries. Additional sentences are encouraged.)

This lab (experiment) investigated _______________________________.
In order to study the problem we ________________________________.
The results showed _________________________________, thus showing the hypothesis as (supported/unsupported).
The results are (reliable/unreliable) because ________________. 
In order to further investigate this problem, next time I would __________.
Suggested Technology
· If available, the most successful design in each class can be printed using a 3D printer.
· The student handouts can be made available as a Word document for students to type onto directly.
· Using computers, students could complete the Newton’s Law quizzes online, take a screenshot of their score, and add it to their digital lab report.
· Data could be entered in an electronic spreadsheet to assist in data analysis. Class data could be compiled and compared in this way.
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