[bookmark: _GoBack]When the Wind Blows – A STEM Engineering Design Challenge
Title:	“When the Wind Blows”
Grade Level:	5
Duration:	3 hours (Possible Break Down – 3 one hour sessions)
Standards:
Student Assessment:
Formative Assessment:
· The teacher can ask teams to reflect on the following question: “What do you think is going to happen to your vehicle?” The students will reply using their vocabulary. 
· Administer the Pre-Test (attached).
Summative Assessment:
· Administer the Post-Test (attached). To show success in this lesson, students should show growth in their understanding when answering the questions.
· Utilize the attached Scoring Rubric to measure student success in this lesson.
Learning Goals: 
· The students will use appropriate vocabulary words in responses during this lesson.
· The students will be able to test their hypothesis.
· The students will solve a real-world problem.
· The students will be able to imagine, design, and create a solution to the problem presented in this lesson.
· Each group of students will move their design across a specific area using the provided resources.


Objective:
· Students will be able to use their knowledge of force and energy to design a vehicle that can travel 10 feet in the wind.
· Students will be able to work in teams to establish a plan, create a design, test their design, and revise their design to make it more efficient.
Materials: 
Each team receives one of the following:
· Styrofoam plate (use for body of vehicle) 
· Marble (use for cargo to be moved)
· 3-ounce bath cup (cargo safety – must remain upright at all times) 
· Tape measure
Materials available for student use: (Teams will decide for themselves which items to purchase and how much they will need.) *See Vehicle Design Budget Attached*
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· Masking tape
· Craft sticks
· Straws
· Copy paper
· Aluminum foil
· Wax paper
· Plastic grocery bags
· Duct tape
· Coffee stirrers
· Index cards
· Tissue paper
· Felt sheet
· 3-ounce bath cup
Additional Materials:
· 
· Timer 
· String
· Fan 
· Binder clips
· Budget sheet (attached)
· Planning sheet (attached)
· Reflection sheet (attached)
Set-up:
Student Tables:
· Give each student in the group a copy of a budget sheet (attached) and the planning sheet (attached).
· Provide each table with a sample bag of materials that the students will be using to help them in making their design choices during the Imagine and Planning phases of the lesson. The bags should include a craft stick, a straw, a coffee stirrer, index card, and a 3 inch by 3 inch piece of each of the following: copy paper, aluminum foil, wax paper, grocery bag, tissue paper, and felt sheet.
· Each group should receive a Styrofoam plate, a 3-ounce bath cup, and a marble.


Teacher Table (Teacher Set-Up before): 
Teacher Set-Up Part 1:
· Prior to the lesson, the teacher should set up an area for the students to test their vehicles. To set up your testing area:
· Place two desks 10 feet apart.
· Cut two pieces of string that are approximately 11 feet long (or long enough to attach one end of the string to each desk).
· Place the fan securely on one of the desks.
· On the same desk with the fan tape (with duct tape) one end of each piece of string 5 inches apart.
· Extend the strings to the other desk.
· Attach the other end of each string to the edge of the desk with a binder clip also 5 inches apart. (This will allow students to adjust the strings or place their vehicles on the strings before beginning their trial).
Teacher Set-Up Part 2:
· On a separate desk or table, arrange all the materials that students will be able to buy (masking tape, craft sticks, straws, copy paper aluminum foil, wax paper, grocery bags, Duct tape, coffee stirrers, index cards, tissue paper, felt sheet, 3-ounce bath cup). The teacher can set this up like a store.
· Students will be able to buy 12 inches of tape or a 12 inch by 12 inch piece of any material. For time efficiency, you may choose to premeasure and precut all material prior to the lesson. If materials are not precut, then students will measure and cut their own materials during the lesson.
Engage (20 min.): What is your engineer team’s goal or problem today that you will need to solve? 
· Introduce students to their goal: “The town you live in is hosting a competition to see who can engineer the most efficient vehicle that will allow people to travel from the foot of one mountain across a valley to the foot of another mountain. In order to build a vehicle that qualifies for the competition, the vehicle that you design must move from one mountain to the other as quickly as possible while also keeping its cargo safe. Your vehicle must be environmentally friendly, so the only energy source that your vehicle can use to move from one side of the mountain to the other is wind energy. In order to solve this problem and purchase materials for your design, you will be given a budget of $1,500.00.”
· Allow students to observe the testing site and explain that the desks will represent the “mountains” in the scenario.
· Review the attached Power Point that shows wind powered vehicles. The students will pair/share to talk about wind powered vehicles. As the teacher reviews the PowerPoint, they may ask the following questions: 
· “What is wind?” - the perceptible natural movement of the air, especially in the form of a current of air blowing from a particular direction.
· “How do you think the mass of an object affects its motion?” - The greater the object’s mass, the greater the force needed to move it, stop it, or change its speed or direction. An object with a small mass is easier to stop or cause a change in motion than an object with a large mass.
· “Why might your vehicle not move?” – forces are balanced; the vehicle will move if the force(s) acting on the vehicle become unbalanced
· 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. 
· Ask questions that will help you achieve your goal.
· Imagine at least two possibilities for design.
· The students should be completing their Individual Planning Design sheets.
· What could be some solutions?
· Brainstorm ideas.
· Plan the design before building.
· The students are completing the Team Design Model page.
· Combine ideas to come up with a final design.
· Make a list of the materials needed.
· Create at least one design solution.
· Follow the plan and create it.
· Test it out!
· Improve the design based on evidence around the original design criteria.
· Make the design better.
· Test it out!
Production – Design satisfies the goal. (Production of the thing or process only occurs when the design meets the goal.)
Ask: “What do you need to know in order to reach the goal?” 
· Pause and take students’ responses to questions.
· If students are having a difficult time coming up with responses, help by asking them about the kind of questions they ask when they are assigned a project at school and then help them relate it to this goal. Possible questions you may get include:
· What kind of materials will we have?
· How much time do we have?
· What is the technology being designed?
· How are we going to test it?
· Discuss these questions and any others that may arise. Be sure to discuss:
· Materials and tools available for student use: Students will be provided with a sample of all materials they will have available for purchase (see students table set up).
· Criteria and constraints (i.e. budget, time, materials):
· Students will have a budget of $1,500.00.
· Students will have 40 minutes to build their design and 30 minutes to redesign it. 
· Testing procedure:
· After students finish the design of the vehicle, students will test their vehicle on the teacher prepared track. The track should be set up prior to activity (see teacher set-up).
· As students set up their designs, they will be able to move the strings that are furthest from the fan to assist in the placement of their vehicles. (For example, students may have designed their vehicles with straws on the bottom. They would then be able to place the string through the straws).
· How students will measure the success of their design:
· Were they able to safely keep the cargo (marble) on their vehicle for the entire 10-foot track?
· How long did it take to get from one side of the mountain to the other (time kept with a stopwatch)?
· If a vehicle did not make it across the string how far did the vehicle travel?
· Students’ roles within their design groups:
· Will you have a designer?
· Will you have a material manager?
· Will you have a person in charge of the budget?
· Who will place the vehicle on the track?
· Who will turn on the fan?
· Who will be responsible for the timer during the testing?
Activity:
Imagine: What are some possible solutions to the problem? (10 min.)
· Place students into their teams.
· Say, “Let’s look at the goal again. Your team will need to design an energy efficient vehicle that moves quickly and safely from one mountain to the next. Remember, to be energy efficient your vehicle will only be propelled forward with wind energy. Think about what was reviewed in the PowerPoint.”
· Allow students to use the sample material bags to consider items for their design as they complete their planning sheets.
· Say “You will now have 10 minutes to imagine or brainstorm possible solutions to this problem.” Students will complete this step on their own on their individual planning sheets (attached).
· Ask students, “What will your design look like?” and “How will you use the materials to create your design?” 
· Students must include at least two different possible solutions. Solutions can be written, drawn, or both. Drawn solutions must include labels.
· During this time, the teacher should circulate the classroom and visit each table. Ask students if they have any questions and answer them when applicable.
· After 10 minutes, regroup students to go to the next step.
Plan: You will have 15 minutes to combine individual ideas into one team design.
· Students will use this time to record their final plan. Students plan should include a detailed picture, including labels, of what their vehicle design will look like. Each student on the team should complete their own Planning Sheet (attached) even though they are working together.
· Students need to be prepared to leave some of their own designs behind while accepting those of others on their team. The final designs will most likely be a combination of all team members’ ideas.
· Students will work as a team during this time to select the types and amounts of each material on the attached budget. They will work together to compute their budgets and ensure they do not exceed their allowance of $1,500.
· Make sure students have the following available as they start the planning process.
· The question they are answering.
· Sample material bag.
· Budget sheet (attached).
· Planning sheet
· During this time, the teacher should 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 the teacher 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 15 minutes, regroup students to go to the next step.
· In order for students to move on to the next step, the teacher must approve the team design and budget. Once the teacher has approved each design and budget, the teams may begin creating their vehicles. 
· Note: Many teams may have their designs completed at the same time, encourage teams to add details to their designs if they are waiting approval from the teacher.
· The teacher can ask the following questions while checking team budgets:
· What strategies did your team use to come up with your budget total? 
· What strategy could you use to determine how much budget you have used and have left over?
· Before students start constructing their designs, be sure to describe the procedure students will follow once their design is approved. Some things to consider are as follows:
· How will students receive their materials? 
· For example: Have one student from the group come up with their budget to collect supplies. The supplies will be kept in one area of the classroom away from working student groups. The teacher may choose to have one reliable student assist other students in getting their supplies.
· Review any criteria with the students. 
· materials the students must use and materials the students may choose to use
· measurements
· what the design is expected to do to be successful
· Students must buy at least one Styrofoam plate for their vehicle body. 
· If materials are not precut remind students that the materials they buy must be measured to the appropriate size.
· Review any constraints with the students. (i.e. time, budget, a limit of materials).
· Explain what the students should do if their team finishes their design before the other groups. (i.e. look over the design for possible improvements, reflect on the steps they followed to create their design, predict how their design will do during testing)	
Create: Build your team’s design following your plan. You will have 30 minutes.
· During this time, students will use their team plan to build their designs. Remind students that they must stick to their approved plan. Any changes that the students make must also be added to their design form.
· During this time, circulate the classroom and visit each group. Some questions you can ask include: “How did you come up with this design?” and “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?” and “Can you help this student with this part?”
· Remind students to check that track measurements are 5 inches apart.
After 30 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: “The goal is to move people from one side of a mountain to another mountain. The move must be safe (the marble must stay upright in the cup) and efficient (travel the entire length of the string without stopping for more than 5 seconds) while only using the available resource of wind energy.” 
· To start the testing process, call one team at a time to bring up their vehicle and place it on the track. Remind students that they can move the strings that are furthest from the fan while setting up their vehicle but must make sure they are 5 inches apart before their trial starts. 
· Before the test begins make sure one team member is responsible for setting up the vehicle on the track, one team member for turning on the fan, and a different team member is in charge of keeping time.
· Once the team is ready count backwards from 5 to 1. When the teacher reaches one, have the fan person turn on the fan.
· The timer person needs to wait for the vehicle to start moving before they start the timer. 
· When the vehicle stops moving, allow it 5 seconds to start moving again. After 5 seconds of not moving, stop the timer.
· Students should record the time in seconds on their reflection sheet.
· If their vehicle did not make it across the valley, students should measure (in feet) how far the vehicle went. Students should record their distance on their reflection sheet (attached).
· After the team trials, have students explain what happened to their vehicle using the vocabulary words they were introduced to in the beginning of the lesson on the attached Power Point. Display them again if needed.
· Teams should also explain what they think they could do different for their next trial.
· Allow time for classmates to give positive feedback to each group.
· Following class discussion, allow students time to complete the Reflection page for the first-time trial. This will also be completed after the second time trial, the reflection questions can be answers after the second round of testing. Make sure each group records their distance and time from each time trial, so they have accurate distance and time. 
· Before moving on, consider asking students to discuss the following:
· Describe any similar ideas multiple groups used.
· Describe any different ideas groups came up with.
· Why do you think some designs came closer to meeting the goal? 
· Did the mass of the vehicle have an effect on the distance the vehicle traveled?
· Did the force applied to the vehicle have an effect on how far the vehicle traveled?
· Keeping force and mass in mind: How can you redesign your vehicle for better results?
Improve: Discuss with your team ways to improve your design. You will have 30 minutes to improve it. 
· As students improve their designs, students can only buy new supplies if they have funds left in their budget. (If all students have already used their entire budget, you may consider adding more money to their original budgets, having a “blue light special sale” for those that only have a little money left, or offering free materials.)
· Any changes students make must be recorded on their design sheets (attached).
· Have teams explain the strategies they used while editing their budget that allows teams to purchase new materials. Ask: “Why is it important to have the place values in the correct location while determining the budget?” and “What can happen if the place value is off?”
· During this time, the teacher should 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 30 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: “The goal is to move people from one side of a mountain to another mountain. The move must be safe (the marble must stay upright in the cup) and efficient (travel the entire length of the string without stopping for more than 5 seconds) while only using the available resource of wind energy.” 
· To retest, repeat the process used in the first test.
· After the group trials are complete, have students explain what happened with their vehicle using the vocabulary words they were introduced to in the beginning of the lesson. Make sure they explain how mass and force effects the distance traveled.
· Allow time for classmates to give positive feedback to each group.
· Following class discussion, allow students time to complete the Reflection page for the second time trial. Students should also the reflection questions on the attachment at this time alone or with their team. 
· Before moving on, consider asking students to discuss the following:
· Describe any similar ideas multiple groups used.
· Describe any different ideas groups came up with.
· Why do you think some designs came closer to meeting the goal? 
· Did the mass of the vehicle have an effect on the distance the vehicle traveled?
· Did the force applied to the vehicle have an effect on how far the vehicle traveled?
· Keeping force and mass in mind: How can you redesign your vehicle for better results?


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? 
Accommodations/Recommendations:
· Teams can be predetermined to allow for groups to consist of 1 high-performing student, 1 medium-performing student, and one low-performing student.
· The teacher may choose to reduce the number of materials available, providing students with fewer choices to make determining a budget easier.
· The teacher may to choose to provide students with a smaller budget or no budget for buying materials. Note that removing the budget will eliminate the mathematics alignment to the lesson.
· The teacher may print out copies of the PowerPoint slides for each student to have.
Pre/Post Test
1. Mr. Jay mops the hallway floor and places a caution sign on the floor. Which effect of a force is lessened when the floor is wet?
a. Gravitation
b. Friction
c. Inertia
d. Magnetism

2. Xavier kicks a ball across a bumpy grass field. What makes the ball come to a stop?
a. Gravity pushes the ball forward.
b. The ball exerts a backward force on the grass.
c. Friction opposes the motion of the ball.
d. The grass attracts the ball to it.

3. Madison and Kenzie roll their basketballs down the court at the same time. The balls have the same mass. Kenzie’s ball reaches the end of the court first. What conclusion can you make about how the girls rolled the balls?
a. Madison exerted a greater force on her ball.
b. Kenzie exerted a greater force on her ball.
c. The girls exerted equal forces on the balls.
d. Madison did not exert a force on the ball at all.

4. Mrs. Sheridan is pulling a wagon in her garden. If she continues to pull with the same force, what choice would make the wagon accelerate?
a. Adding dirt to the wagon.
b. Putting heavy tires on the wagon.
c. Moving the wagon to a smooth paved sidewalk.
d. Holding the handle of the wagon with gloves.


Pre / Post Test Answer Key
1. Mr. Jay mops the hallway floor and places a caution sign on the floor. Which effect of a force is lessened when the floor is wet?
a. Gravitation
b. Friction
c. Inertia
d. Magnetism

2. Xavier kicks a ball across a bumpy grass field. What makes the ball come to a stop?
a. Gravity pushes the ball forward.
b. The ball exerts a backward force on the grass.
c. Friction opposes the motion of the ball.
d. The grass attracts the ball to it.

3. Madison and Kenzie roll their basketballs down the court at the same time. The balls have the same mass. Kenzie’s ball reaches the end of the court first. What conclusion can you make about how the girls rolled the balls?
a. Madison exerted a greater force on her ball.
b. Kenzie exerted a greater force on her ball.
c. The girls exerted equal forces on the balls.
d. Madison did not exert a force on the ball at all.

4.  Mrs. Sheridan is pulling a wagon in her garden. If she continues to pull with the same force, what choice would make the wagon accelerate?
a. Adding dirt to the wagon.
b. Putting heavy tires on the wagon.
c. Moving the wagon to a smooth paved sidewalk.
d. Holding the handle of the wagon with gloves.
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When the Wind Blows Rubric
	Skills
	Needs Improvement
1
	Partially
Proficient
2
	Mostly
Proficient
3
	Proficient
4
	Score

	Creativity and Design
	The project has little creativity and no design plan.
	This project has some creativity and a design plan that is not clear.
	The project is creative and the design plan is clear.
	The project shows unique design aspects and has a detailed plan that is followed.
	

	Communication and Collaboration
	Design plan and budget are not organized or represented accurately.
	Part of the design plan and budget are organized and represented accurately.
	Most of the design plan and budget are clear, organized, and easily understood.
	All of the design plan and budget are clear, organized, and easily understood.
	

	Critical Thinking, Problem Solving, and Decision Making
	Student did not accomplish the goal or communicate the plan clearly.
	Student took steps to accomplish the goal or communicate the plan clearly.
	Student has logical steps to accomplish the goal and communicate the plan clearly.
	Student demonstrates critical thinking skills and has taken logical steps to accomplish the goal and communicate the plan clearly.
	

	Budget and Planning
	Student shows no plan for their budget for the design challenge.
	Student took steps to plan for their budget for the design challenge.
	Student clearly planned their budget for the design challenge.
	Student clearly and precisely planned their budget for the design challenge.
	





Vehicle Design Budget: Cannot exceed $1,500.00 when all purchasing amounts are added up.
	Material
	Quantity
	Unit Cost
	Total Unit Cost

	Car Body
(Styrofoam plate)
	1
	$499.50
	499.50

	Masking Tape
	
	$99.95 for 12 inches
	

	Duct Tape
	
	$297.90 for 12 inches
	

	Craft Sticks
	
	$49.98 each
	

	Straws
	
	$49.98 each
	

	Coffee Stirrers
	
	$24.95 each
	

	Index Cards
	
	$99.96 each
	

	Copy Paper
	
	$99.96 each
	

	Tissue Paper
	
	$49.95 for 6”x6” piece
	

	Cup
	
	$99.95 each
	

	Aluminum Foil
	
	$99.95 for 12 inches
	

	Wax Paper
	
	$99.95 for 12 inches
	

	Felt Sheet
	
	$99.98 each
	

	Plastic Grocery Bag
	
	$99.95 for 6”x6” piece
	

	
	
	Total Cost:
	



