
STEM Engineering Design Challenge
[bookmark: h.gjdgxs]Title:	Bottling Rockets 
Grade Level:	5th Grade
Duration: 	4 Days
Standards:
Science
· SC.5.P.13.1 Identify familiar forces that cause objects to move, such as pushes or pulls, including gravity acting on falling objects.
· SC.5.P.13.2 Investigate and describe that the greater the force applied to it, the greater the change in motion of a given object.
· SC.5.P.13.3 Investigate and describe that the more mass an object has, the less effect a given force will have on the object's motion.
Mathematics
· MAFS.5.NBT.2.7 Add, subtract, multiply, and divide decimals to hundredths, using concrete models or drawings and strategies based on place value, properties of operations, and/or the relationship between addition and subtraction; relate the strategy to a written method and explain the reasoning used.
Student Assessment
Formative Assessment:
The teacher will use the following questions to guide students and assess their understanding of the science content during the planning and building stage:
· What forces act against the forward motion of the rocket?
· What part of your design reduces the friction caused by the wind?
· How does your rocket design contribute to the forward motion of the rocket?
· How does your design overcome the effects of gravity?
· What force causes the forward motion of your rocket?
· How can you make your rocket travel faster through the air?
Students will also record their thinking and the results of their tests as they engage in the design process. The teacher can use this information to ascertain student understanding of the concepts.


Summative Assessment:
1. Each team will create a poster that includes:
· Name of the rocket
· Diagram of the forces acting on the rocket during the launch
· Description of design ideas that led to a successful launch
· Description of one of the following two concepts as it applies to the rocket challenge:
· The greater the force applied to it, the greater the change in motion of a given object.
· The more mass an object has, the less effect a given force will have on the object's motion.
· The distance the rocket traveled and whether it landed on the “moon” for each test.
2. Each student will write a reflection of the project that includes the following:
· Favorite part of the project
· A description of how the team worked together
· If you could build a rocket today, how would you build it to travel the farthest distance?
· How is your new idea different from the rocket your team built?
Technology Application—Using an iPad: The use of technology can enhance this assessment. Students can create a digital poster using programs such as iMovie. Also, students can capture all of the data through pictures and videos to show mastery of the skill.
Learning Objectives: 
1. I can identify the forces acting on the rocket.
2. I can describe how the amount of applied force affects the movement of the rocket.
3. I can describe how the mass of the rocket affects its motion.
4. I can budget for a project by adding and subtracting decimals.
Materials:
	· PVC pipe
· Clear mailing tape
· Cardboard
· Paper
· PVC pipe cutter
· Rulers
	· 2-liter bottles
· Duct tape
· Foil
· Wax paper
· Pencils
· Hula hoop (the “moon”)
	· Clear plastic tape
· Masking tape
· Cardstock
· Scissors
· Markers



Set-up:
Student tables: Students will be given a sample materials bag prior to the individual planning stage. The bags will contain a small piece of each the building materials so they can observe and determine the materials to be used. Each student table will also have a materials bin to include scissors, markers, pencils, and rulers.
Teacher table: All of the building items will be on display at the teacher’s table. This area will be set up like a market so students can “purchase” the items they need (within their budget). The rocket launcher will also be on display for students to examine. Please watch the YouTube video “How to make a Paper Rocket Launcher with PVC” from Specific Love Creations for directions on how to build the rocket launcher.
Engage (1 Hour):
1. Review previously-learned science concepts using the attached Bottling Rockets PowerPoint. The PowerPoint includes instructional notes on each slide for the teacher to use. During the presentation, students will have an opportunity to complete a vocabulary word sort for the following vocabulary words (template is located at the end of the lesson):
· Force—any push or pull that acts on an object
· Gravity—the force that pulls objects toward the center of the earth
· Wind resistance/air friction—force that acts against the forward motion of object due to the air “rubbing” against the object
· Trajectory—the path that an object travels after being launched
· Mass—the amount of matter in an object
2. The PowerPoint also presents the challenge, or Goal: Design and create a rocket that, when attached to the rocket launcher, will fly as close as possible to the "moon" (30 feet). The rocket must have at least two fins, be at least 6 inches long, and stay within a budget of $100.
3. Tell students that engineers use the engineering design process when solving a problem. They will also use this process as they create their 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.)


Step 1 - Ask: What do you need to know in order to reach the goal? 
Pause and take questions. Possible questions include:
· What kind of materials will we have?
· How much time do we have?
· What is a (technology being designed)?
· How are we going to test it?
If students are having a difficult time coming up with questions, help by asking them what kind of questions they ask when they are assigned a project at school and then help them relate it to this goal.
Answer students’ questions. Be sure to discuss:
Materials and tools available for student use
· Everyone receives a PVC pipe structure and a 2-liter bottle for their rocket.
· All groups will receive a budget in which they have the option to choose from these materials: clear plastic tape, clear mailing tape, duct tape, masking tape, cardboard, foil, cardstock, paper, and wax paper.
· Scissors, pencils, markers, and rulers will be available for everyone’s use. 
Criteria and constraints (i.e. budget, time, materials)
· Criteria
1. Must be 6 inches long
2. Must have 2 fins on the body of the rocket
· Constraints 
1. Must stay within the $100 materials budget
2. Have 15 minutes to create the rocket and test it, then 10 minutes to improve the rocket
Testing procedure
· Students will test their rocket by putting it on the rocket launcher and hitting the 2-liter bottle. The rocket will then be projected into the air and students will measure the distance it traveled. Students will measure the success of their design by determining the distance of the rocket. Students will test to see if their rocket lands on the moon (travels 30 feet) or goes the farthest. 
Students’ roles within their design groups 
· Budgeter of the rocket parts
· Designer of the rocket
· Recorder of changes in the experiment
· Time Keeper (keep on track)
Explore (2 hours):
Step 2 - Imagine: What are some possible solutions to the problem? (5 min.)
Review the goal: Design and create a rocket that, when attached to the rocket launcher, will fly as close as possible to the "moon" (30 feet). Students will have 3 minutes to imagine or brainstorm possible solutions to this problem. Ask: What will your design look like? How will you use the materials to create your design? Have students use the planning sheet attached to the end of this lesson. During this time, circulate the classroom and visit each table. Students should be quietly drawing/writing their ideas. Ask students if they have any questions and answer them as needed. After 3 minutes, regroup students to go the next step.
Step 3 - Plan: You will have 3 minutes to combine your ideas into one design.
Have students discuss with their groups their ideas about their rocket design and formulate a consensus on what design they should make. Students should also discuss the materials and budget for the materials they will include in the building of their rocket. They will draw their design on the rocket design sheet (found at end of lesson). 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? What materials will you choose to use in your design? If a student is not talking, ask: What ideas do you have about the design? After 3 minutes, regroup students to go to the next step.
In order to move on to the next step, the teacher must approve each design. Once the design is approved, the team may begin creating the rocket. 
· How will students receive their materials? One student from each group will come to the “store.” Students need to have their budget list filled out to show the materials they are going to purchase and ensure the amount spent is below $100. Once the budget list is approved, students will get their materials. 
· Review any criteria with the students (i.e. 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 use the PVC pipe structure. The other materials are dependent on the team’s discretion and the way they planned their budget. Based on the criteria, the rocket needs to have 2 fins and be 6 inches long. For the design to be successful, it needs to land on the moon (travel 30 feet).
· Review any constraints with the students. (i.e. time, budget, a limit of materials) The constraints involved with the design are the students have 15 minutes for their first design and 10 minutes to reconstruct for their 2nd design. The team’s budget is $100; they decide how to spend the money.
· 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). If a team finishes earlier than other teams, they should review their rocket to make sure it will go the farthest. Have the students weigh their rockets to determine if the mass will affect the distance the rocket travels. Have students look at the PVC pipe structure and determine their plan of action for projecting their rocket launch. 
Step 4 - Create: Build your team’s design (follow the plan) within 15 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? Have you ever done anything like this before? Use some of the guiding questions to formatively assess their application of science concepts. Make sure that all students are given the opportunity to help create the design. If students are disengaged, ask: What have you contributed to this design? Can you help this student with this part?
Remind students to check to make sure their rocket is at least 6 inches. Students will record any changes they make to their design on the rocket challenge recording sheet during the building phase. After 15 minutes, tell students to stop building and that it is time to test.
Test: Now it is time to test the designs!
Review the goal: Design and create a rocket that, when attached to the rocket launcher, will fly as close as possible to the "moon" (30 feet).
After students have created their rockets, take the students outside. Have them set up their rockets on the rocket launcher (set up in advance). Have students place their rocket on the end sticking up and the 2-liter bottle on the other end. When students have their rockets set up, have someone step on or push down on the 2-liter bottle. Students should aim for the “moon” (hula hoop), which should be placed about 30 feet away. If their rocket didn’t land on the moon, have students use a yardstick to measure the distance the rocket traveled. Have one of the students document the distance of the first trial on the group’s worksheet. To test their rocket again, have students put more air into the 2-liter bottle and situate it back on the end of the pipes. Record the results of the second trial.
After testing, have the students compare each group’s designs. Ask students to describe any similarities and differences in the designs. Ask students why they think some designs came closer to meeting the goal. 
Step 5 - Improve: With your team, discuss ways to improve your design. You will have 10 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?
· What changes are you making to your design and why are you making them?
Students will need to record all design changes on the recording sheet. After 10 minutes, tell students to stop building and that it is time to test.
Test: Test your improved design! 
Review the goal: Design and create a rocket that, when attached to the rocket launcher, will fly as close as possible to the "moon" (30 feet).
Repeat the steps from the first trial. After testing, have students compare the groups’ different designs. Ask students to describe any similarities and differences. Ask students why they think some designs came closer to meeting the goal. 
Explain: Discussion (10 minutes) 
Ask:
· 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?
· What affected the distance the rocket traveled?
· What did you noticed from other team’s designs that could have helped you improve your design? 
Elaborate:
Have students create their team poster and practice presenting the information. The directions for the poster can be found at the end of this lesson along with a rubric for grading.
Accommodations/Recommendations:
· Students requiring special assistance will work with a high-performing peer.
· Allow students to use a fill in the blank or alternative multiple choice summative assessment. 
· Students can be given a writing frame to assist in the completion of the summative writing task. 
· English Language Learners can be provided a demonstration of the science vocabulary words.
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Attachments:
Vocabulary Word Sort

	force
	any push or pull that acts on an object

	wind resistance / air friction
	a force that acts against the motion of an object due to the air “rubbing” against the surface of an object

	gravity
	a force that pulls objects toward the center of the earth

	trajectory
	the path that an object travels after being launched

	mass
	the amount of matter in an object


Rocket Poster & Presentation
Your poster and presentation must include:
· Name of your rocket
· Diagram of forces acting on the rocket during launch
· Description of design ideas that led to a successful launch
· Description of one of the following two concepts as it applies to the rocket challenge:
· The greater the force applied to it, the greater the change in motion of a given object.
· The more mass an object has, the less effect a given force will have on the object's motion.
· The distance your rocket traveled and whether it landed on the “moon” for each test
Rocket Writing Reflection
Write a paragraph about designing the rocket. Include:
· Your favorite part of the project
· A description of how the team worked together
· If you could build a rocket today, how would you build it to travel the farthest distance?
· How is your new idea different from the rocket your team built?


Rocket Poster/Presentation Rubric
2 = Included the correct information in the presentation.
1 = Information was in presentation, but wasn’t completely correct.
0 = Information wasn’t in the presentation.

Student’s Name:
	Presentation must include:
	Score

	Name of rocket
	

	Diagram of forces acting on the rocket during launch
	

	Description of design ideas that led to a successful launch
	

	A description of one of the science concepts
	

	Data for all three launches
	

	Total Points
	

	Final Grade
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Imagine: Individual Planning
Create a design for your rocket. Be sure to include the building materials you plan to use and a drawing.
	


Rocket Challenge Budget: $100
	Material
	Quantity
	Unit Cost
	Total Cost

	PVC Launcher
	1
	$50.00
	$50.00

	2-liter bottle
	1
	$5.00
	$5.00

	Clear Plastic Tape
	
	$2.50/12in.
	

	Mailing Tape
	
	$2.50/12in.
	

	Duct Tape
	
	$2.50/12in.
	

	Masking Tape
	
	$5.00/12in.
	

	Cardboard
	
	$10.00/6”x6”
	

	Foil
	
	$5.00/6”x6”
	

	Cardstock
	
	$5.00/6”x6”
	

	Paper
	
	$5.00/12”x12”
	

	Wax Paper
	
	$5.00/6”x6”
	


Name: 		Date: 	

Total Cost:
[bookmark: _GoBack]Rocket Challenge
Goal: Design and build a rocket that, when attached to the rocket launcher, will fly as close as possible to the “moon.” The rocket must have at least two fins and be at least 6 inches long.
Imagine: What are some solutions?


Plan: Draw a diagram of your team’s rocket.
	


Team Name: 	
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Create: Build the rocket (follow your team’s plan).
Test: What happened when you launched your rocket?

	
	Trial 1
	Trial 2

	Distance travelled
	
	



Improve: Make the design better and retest. Which design was better? Why?
