
	Title:  Hoverama
Grade Level:  5th Grade  

	Duration:  
· Three 45 minute sessions 

	Learning Goals
	Know:
Science:
· Force: Push or Pull 
· Mass
· Motion: Change of position over time
· Gravity
Math:
· Tenths and Hundredths: Decimal form
· Place Value
· Sum and Difference

	
	Do:
Science: 
· Students will design a hovercraft model to lift certain increments of mass through a series of trials. 
· Students will identify forces interacting with the modeled hovercraft.
Math:
· Students will budget and purchase materials to create the hovercraft. 

	Objective:
	Students will: 
· Create and evaluate a design for a working hovercraft model which will meet the criteria of lifting increasing masses. 
· Explain how forces, push, pull, and gravity interact with the motion of the hovercraft model.
· Justify how increasing mass of the hovercraft model requires more force to operate. 
· Effectively budget and purchase materials for hovercraft model. 

	Student Assessments:
	Formative Assessments
Record-keeping sheets (provided at the end of the lesson) will be used during each stage of the Engineering Design Challenge to ascertain student progress toward the selected standards.

	
	Summative Assessments
Students will create a Digital Movie Presentation recording the Engineering Design Process as they design and test hovercraft models. Use the presentation requirements and rubric sheet attached at end of this plan.

	Prior Knowledge:
	· Students should understand how to conduct an experiment, record their observations, and draw conclusions based on those observations. 
· Students need to know expectations for group work. 
· Students should have a basic understanding of forces and how they affect motion. 
· They should also know that mass is the amount of matter in an object and that it also affects motion.
· Students should be able to add and subtract decimals.

	Feedback to Students:
	The teacher will provide oral feedback throughout the stages of this lesson regarding the performance of the individual and the group. Feedback will also be provided during discussion times at the end of the test sections. 

	Guiding Questions:
	Use the following questions to guide students toward their mastery of the concepts throughout the lesson:

· How do forces (such as pushes, pulls, and gravity) affect motion? 
· How does the mass of an object affect motion? 
· Why is it important to test scientific ideas?

	Materials:
	Balloon Mount
· Disposable sport bottle lid (Ex: water bottle lid that opens and closes)
Base Materials
· Foam Plates
· Paper Plates
· CDs/DVDs
· Card board: 12 in x 12 in
· Records
Propulsion 
· Water balloon
· Small balloon
· Large balloon
· Tubular balloon (Animal Balloons)
Miscellaneous
· Glue
· Paper clips 
· Pennies/Weights
· Slow Motion Camera
· Scissors

	Set-Up:
	Student Tables
Students will be divided into groups of three.
· Bag with material samples for students to feel and manipulate:
1. 1 sq. inch of each base material 
2. Paper clips 
3. Pennies/Weights
4. 1 of each balloon
5. Balloon Mount/Lid of water bottle
· Hoverama Student Planning Pages

	
	Teacher Tables
· Materials ready for purchase from students who have  completed the planning and budget page
· An area to keep additional handouts: 
1. Hoverama Improvement Page
2. Hoverama Reflection Page

	Engage (7 min.):

	Watch “Explorer Hovercraft” uploaded to YouTube by GR8FI9D’s channel (Explorer Hovercraft) 
· Turn and talk with groups and have them respond to the following questions- How does this vehicle use force to overcome gravity? What forces are in motion that allow this hovercraft to move the way it does?
· Pass out the Vocabulary Activity sheet to each student (attached).
· Allow students to work in groups and use their science and math books to define the terms on the activity sheet.
· After students have completed it, have a class discussion in which students share their definitions.
· Before moving on, discuss any misconceptions that may arise or if there were any terms the students would like to know more about. Gauge this based on the needs of your class.

	Goal:  

	What is your engineer team’s goal or problem today that you will need to solve? - Design and create a model hovercraft that will lift the most mass.

“An Alaskan based company, IMS Co., Important Material Supply, needs to be able to ship their cargo from the bay to distant parts of the state. The vehicle needs to be able to travel over many different surfaces including, land, ice, water, etc. As engineers you are asked to create a hovercraft design that will lift the most mass possible.”

	Ask:
	What do you need to know in order to reach the goal?
(Pause and take questions)
(Possible questions you may get include:)
· What kind of materials will we have? – sample response: “There is a bag of sample materials provided for you to observe in the middle of your group’s table. Take a minute to look through the material and see what you could choose. Each material is available for purchase. The price sheet is on the back of your planning page, along with your starting balance, or how much you have to spend.”
· How much time do we have? – sample response: “You will have 15 minutes to plan and purchase your materials. Before you can purchase anything, it is required that you have a completed blueprint, or sketch, of your design and a completed budget worksheet. These are located on your planning page.”
· What is a Hovercraft? – Refer back to the hovercraft video from the “Engage” section.
· How are we going to test it? – sample response: “In the center of the room is a desk that we will test your hovercraft. We will slowly add pan balance weights until it will not lift from the table. Then we will record how many grams your hovercraft lifted.”

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
·  Criteria and constraints (i.e. budget, time, materials)
· Testing procedure
·  How students will measure the success of their design
· Show students the Hoverama Presentation Requirements and discuss what is required for the digital presentation
· Students’ roles within their design groups:
1. Recorder: will record all of the data and steps of the project using the IPAD (ex. taking pictures); the recorder must take pictures of all of the worksheets
2. Shopper: will make sure the budgets are completed and accurate; the shopper will come to the store (teacher table) and shop for the materials they purchased
3. Designer: will sketch all of the blueprint, design improvements, and the experiment illustration into the work pages; the designer will need to draw changes done to the design during the building process

	Activity:
	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 hovercraft that will lift the most mass. You will have 3 minutes to imagine or brainstorm possible solutions to this problem on your own.
· Hand out the Individual Hoverama Improvement page and Test page.
· At this time students should be recording their own ideas for a solution to share with their group in the next step. They should record their thinking on the attached student sheet. 
· Ask students, “What will your design look like?” and “How will you use the materials to create your design?”

(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 when applicable.)

· After 3 minutes, regroup students to go to the next step.

	Plan: 
	Plan: You will have 12 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.)
 
· Hand out one Team Hoverama Planning Page per group.
· Now students work to compile their individual designs into one agreed upon design. Group members will have to be willing to hear others’ ideas and forfeit some of their own for one final design to actually build.

(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 6 minutes, regroup students to remind them that they need to complete the budget included on their student sheet and shop for their materials.)
 
In order for you to move on to the next step, I must approve your design. Once I have approved your design, your team may begin shopping. Remember that the Recorder Must Take a Picture of the Plan. 

(After 6 minutes, regroup students to go to the next step.)

Procedures: 
· The shopper will go to the store, but the shopper needs to return the bag of samples before purchasing the supplies.
· With the approved budget, the student should purchase only the planned materials.
· Students will have a choice of materials for the different construction parts of the project. For the base, students can choose from a record, CD, DVD, paper or foam plate, or cardboard. 
· All students will receive the same water bottle to glue onto the base, but will be able to choose the type and size of the balloon to use.
· Students will have a $35 budget to purchase materials (material price list is attached).
· Time constraints will be as follows: Students will have 3 minutes to plan together and draw that plan, 7 minutes for the initial build of the project, and 10 minutes for the improve stage. Testing will take additional time.
· Once the design is finished, students can review their budgets to see if they need to purchase any additional materials and review their plan for any changes. 
· Students will also predict their hovercraft’s performance. This prediction should be recorded to analyze with actual results.

	Create:
	Create:  Build your team’s design following your plan. You will have 10 minutes.
· The base of the student’s hovercraft must have a circle in the middle that is equal in diameter to the sport bottle cap. 
· The cap needs to be glued and set so that it rests on the top of the hovercraft base. 
· This will be the same for all of the students’ projects. 
· After the students have assembled the base with the teacher’s assistance, they can now make their alterations to the size and/or shape of the hovercraft.
· Make sure that the recorder is taking pictures of all the steps. They will need to take pictures of the blueprint and each step to include in a PowerPoint near the end of the project. 

(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?”  Other questions may include: “How does your design overcome gravity?” or “Is the force in your design strong enough to overcome the mass of your base?” 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?”)

· After 10 minutes, tell students to stop building and that it is time to test.

	Test:
	· The teacher says, “Now it is time to test your designs! First, let’s review the goal: To design and create a hovercraft that will lift the most mass. Each hovercraft will not be tested at the same time.”
· Explain how the test will be conducted:
· Students’ hovercrafts should be tested one team at a time. 
· Prior to testing the teacher should distribute the Improvements attachment to all students.
· The designer will show the class their hovercraft design and give a quick explanation of why they built their hovercraft the way they did. 
· Then they will take the hovercraft to the teacher for their test. 
· The teacher will need to blow up the balloon to better control the amount of air in each balloon. 
· Blow up the balloon to the desired amount. After you have, pinch the air closed and attach it to the top of the closed sport bottle cap. Next, open the can allowing the air to flow out of the balloon. 
· The recorder should video record this part of the test. This way they can assess the video to make alterations to their designs. 
· If the students’ hovercraft hovers successfully, do the same procedure, but this time begin with adding weights to the hovercraft. Weights should be added in 5 grams increments. 
· Weights will need to be applied evenly to keep the balance of the hovercraft. Keep adding weights and doing tests until the hovercraft fails to hover. Students who reach 5 grams or more should begin to plan how to make their hovercraft stronger. 
· If the students’ hovercraft hovers unsuccessfully, encourage the students and ask the rest of the class to offer suggestions. 
· Let the test end if their project is unsuccessful in flight. 
· Tell the students to reevaluate their designs and to make some observations of the other teams. Students should think critically about their designs and look for areas of opportunity. 
· After testing, have the students compare the different designs of various groups.
· 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.
· The teacher can also ask the guiding questions at this point in the lesson.
· How do forces (such as pushes, pulls, and gravity) affect motion? 
· How does the mass of an object affect motion? 
· Why is it important to test scientific ideas?

	Improve:
	Discuss with your team 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?” or “What changes are you making to your design, and why are you making them?”)

· The first three minutes will be to complete the Hoverama Improvement Page. Students should also watch the video recorded by the recorder during the test. They should look to see where the hovercraft failed. Students need to analyze this part of the test to see the faults in their hovercraft design. 
· (After 3 minutes, tell students to stop planning and to purchase new materials and build their improvements.)
· (After 7 minutes, tell students to stop building and that it is time to test.)

	Test:
	· Teacher says, “Now it is time to test your designs! First, let’s review the goal: To design and create a hovercraft that will lift the most mass. Each hovercraft will not be tested at the same time.”
· Explain how the test will be conducted:
· Students hovercrafts should be tested one team at a time. 
· Prior to testing the teacher should distribute the Improvements attachment to all students.
· The designer will show the class their hovercraft design and give a quick explanation of why they built their hovercraft the way they did. 
· Then they will take the hovercraft to the teacher for their test. 
· The teacher will need to blow up the balloon to better control the amount of air in each balloon. 
· Blow up the balloon to the desired amount. After you have, pinch the air closed and attach it to the top of the closed sport bottle cap. Next, open the can allowing the air to flow out of the balloon. 
· The recorder should video record this part of the test. This way they can assess the video to make alterations to their designs. 
· If the students’ hovercraft hovers successfully, do the same procedure, but this time begin with adding weights to the hovercraft. Weights should be added in 5 grams increments. 
· Weights will need to be applied evenly to keep the balance of the hovercraft. Keep adding weights and doing tests until the hovercraft fails to hover. Students who reach 5 grams or more should begin to plan how to make their hovercraft stronger. 
· If the students’ hovercraft hovers unsuccessfully, encourage the students and ask the rest of the class to offer suggestions. 
· Let the test end if their project is unsuccessful in flight. 
· Tell the students to reevaluate their designs and to make some observations of the other teams. Students should think critically about their designs and look for areas of opportunity. 
· After testing, have the students compare the different designs of various groups.
· 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.
· The teacher can also ask the guiding questions at this point in the lesson.
· How do forces (such as pushes, pulls, and gravity) affect motion? 
· How does the mass of an object affect motion? 
· Why is it important to test scientific ideas?

	Discussion 
(15 minutes):  

	· Have students display their hovercrafts. Students can then circulate through the room observing the different hovercrafts created by other teams. 
· Allow students 2-3 minutes to have conversations with other groups. 
· Student questions should be about the design or planning portion of the project. 
· Distribute the Hoverama Reflection Page.
· Ask students the following:
· Did your team’s design meet the goal?  Why or why not? 
· Was your new design an improvement? How do you know?
· Are there any additional changes you would still like to make to your design?  

	Extension:
	· Students can write a letter to the Alaskan client explaining the results of their trials and their recommendation based on their observations of their design and other designs in the classroom.

	Further Recommendations:
	· The teacher should establish clear protocols for group work prior to the lesson, listing expectations for how students will conduct themselves during the group activity. 
· The teacher can show examples of completed hovercrafts, such as HeyThatsHolly’s video “How to Make a Hovercraft - Science Sunday” uploaded to YouTube (HOW TO MAKE A HOVERCRAFT - SCIENCE SUNDAY) 

	
	ESE/ESOL Modifications/Accommodations and IEP Goals

	
	· A handout with an explanation of possible forces can be distributed to support student needs.
· Groups will be strategically selected to support students.
· Aid and/or examples can be provided to students to correctly add and subtract decimals.
· Standards and expected outcomes will be explained through visuals and teacher modeling for understanding.
· If students need more structure for group work, roles (and responsibilities) can be assigned to each student in the group based on individual strengths. 
· Science vocabulary that will be used in the lesson can be posted with an image to provide support for English Language Learners.
· A presentation template can be provided to guide students through the summative assessment. 
· Students that are unable to complete a video presentation may complete a written summary and poster presentation instead.

	Suggested Technology:
	

	
	· Students will use iPads to record steps throughout the project. They will be taking pictures and recordings of the tests during the planning, testing, and improvement stages.
· Students will also use PowerPoint at the end of the project to list the steps they used to build their hovercraft. 












Summative Assessment: Presentation Requirements and Rubric
	Introduction
	· Project Title
· Names of Group Members
· Date
· Goal
Each is worth 1 point
 _____/ 4 points

	Plan
	· Picture of the Plan
· Voice-over Explaining the Plan
Each worth 8 points
  _____/ 16 points

	Create
	· Pictures of the Shopping Process
· Pictures of the Building Process
Each worth 8 points
 _____/ 16 points

	Test
	· Video of the project being tested
_____/ 16 points

	Improve
	· Reflection of Trial Test (6 points)
· How well did the project work?
· What would you do to improve?
· Picture of the Completed Improvement Page (5 points)
· Voice-over Explaining Improvements. (5 points) 
 _____/ 16 points

	Test
	· Video of the project being tested
_____/ 16 points

	Conclusion
	· Pictures of Completed Reflection Page (8 points)
· Voice-over (8 points)
· Did your team’s design meet the goal?  Why or why not?
· Did your design improve? How do you know?
· What forces were acting on the hovercraft?
· How does increasing the mass carried affect the performance of the hovercraft? 
 ______/ 16 points


Total: ______________/100 points

Vocabulary Activity
	Term
	Definition
	Example(s)

	Science:

Force


Mass


Motion


Math:
Tenth


Hundredths


Place Value


Sum

Difference
	


	






Individual Hoverama Planning Page
Team Name: __________________________________________________
Design challenge goal: 
Design and create a model hovercraft that will lift the most mass.

Questions to ask: 
How much time do we have? 12 minutes to design; 10 minutes to build 
What materials do we have to use?  See material sheet with the prices on the back of this sheet
How much do we have to spend?  $30.00 to spend on materials
How much do the materials cost? See material sheet with the prices on the back of this sheet

Imagine:
In the space below create a blueprint (sketch) of you hovercraft design.



Price Sheet:
	Base:
	
	Balloons:
	

	Foam Plates
	$9.99
	Water Balloon
	$2.99

	Paper Plates
	$5.99
	Small Balloon
	$3.99

	CD/DVD
	$19.99
	Large Balloon
	$4.99

	Record
	$25.55
	Tubular Balloon
	$5.99

	Cardboard
	$12.49 Per sq. ft.
	
	

	
	
	Balloon Mount
	$5.00

	Paper Clips:
	
	
	

	Large
	$.85
	
	

	Small
	$.45
	
	




Budget:
	Items to Purchase:
	Balance: $35.00

	Balloon Mount
	$5.00

	Balance:
	$30.00

	Item 1
	

	Balance:
	

	Item 2
	

	Balance:
	

	Item 3
	

	Balance:
	

	Item 4
	

	Balance:
	

	Item 5
	

	Balance:
	

	Item 6
	





Team Hoverama Planning Page
Team Name: __________________________________________________
Design challenge goal: 
Design and create a model hovercraft that will lift the most mass.

Questions to ask: 
How much time do we have? 12 minutes to design; 10 minutes to Build 
What materials do we have to use?  See material sheet with the prices on the back of this sheet
How much do we have to spend?  $30.00 to spend on materials
How much do the materials cost? See material sheet with the prices on the back of this sheet

Plan: Use the space below to create your team design. 



Price Sheet:
	Base:
	
	Balloons:
	

	Foam Plates
	$9.99
	Water Balloon
	$2.99

	Paper Plates
	$5.99
	Small Balloon
	$3.99

	CD/DVD
	$19.99
	Large Balloon
	$4.99

	Record
	$25.55
	Tubular Balloon
	$5.99

	Cardboard
	$12.49 Per sq. ft.
	
	

	
	
	Balloon Mount
	$5.00

	Paper Clips:
	
	
	

	Large
	$.85
	
	

	Small
	$.45
	
	




Budget:
	Items to Purchase:
	Balance: $35.00

	Balloon Mount
	$5.00

	Balance:
	$30.00

	Item 1
	

	Balance:
	

	Item 2
	

	Balance:
	

	Item 3
	

	Balance:
	

	Item 4
	

	Balance:
	

	Item 5
	

	Balance:
	

	Item 6
	






Hoverama Improvements Page
Team Name: __________________________________________________

Questions to ask: 
How much mass did your hovercraft successfully lift? _________________________________ grams.
Was your design successful? Explain why or why not. __________________________________________________________________________________________________________________________________________________________________________________________________
How much money do you have left to spend? ______________

Improve:  What improvements would you make on your original design? Draw that improved design.


Additional Materials Price Sheet:
	Base:
	
	Balloons:
	

	Foam Plates
	$9.99
	Water Balloon
	$2.99

	Paper Plates
	$5.99
	Small Balloon
	$3.99

	CD/DVD
	$19.99
	Large Balloon
	$4.99

	Record
	$25.55
	Tubular Balloon
	$5.99

	Cardboard
	$12.49 Per sq. ft.
	
	

	
	
	Balloon Mount
	$5.00

	Paper Clips:
	
	
	

	Large
	$.85
	
	

	Small
	$.45
	
	





Budget:
	Items to Purchase:
	Write Current Balance: $

	Item 1
	

	Balance:
	

	Item 2
	

	Balance:
	

	Item 3
	

	Balance:
	

	Item 4
	

	Balance:
	

	Item 5
	

	Balance:
	

	Item 6
	

	Balance:
	

	Item 7
	

	Balance:
	




Hoverama Reflection Page
Team Name: __________________________________________________

Questions to ask: 
How much mass did your improved hovercraft successfully lift? _______________________________ grams.
Was your improved design successful? How do you know? _____________________________________________________
What changes did you make to your hovercraft? __________________________________________________________________________________________________________________________________________________________________________________________________
How did increasing the mass being carried affect the forces acting on the hovercraft?
__________________________________________________________________________________________________________________________________________________________________________________________________
Illustrate your experiment labeling all the forces in action: (pushes, pulls, gravity, and friction)
