Aerospace Engineering 5E Lesson Phase
By: Kathryn “Annie” Arnone
Target Grade Level: 5th 
*The idea for this lesson was ignited by material found in Engineering is Elementary: Paulo’s Parachute Mission”. It is in an adapted form as I needed to re-think a good portion of the material to suit the needs of my current class. All material included is my work and represents how science is taught in my class. 
Objectives/Goals:
· Students will demonstrate their knowledge of the Aerospace Engineering concept of drag in regards to parachutes.
· Students will apply long division skills to find the average of a set of numbers with decimals.
· Students will apply the experimental design and scientific inquiry process to construct and implement a scientific investigation.
· Students will work together in a cooperative small group setting in a positive manner.
Standards:
Science:
· Formulate testable questions ad observations (hypothesis)
· Recognize the characteristics of a fair and unbiased test
· Conduct a fair test to answer a question
· Make suggestions for reasonable improvements or extensions of a fair test
· Use quantitative and qualitative data as support for reasonable explanations
· Use data as support for observed patterns and relationships, to make predictions to be tested
· Analyze whether evidence supports proposed explanations
· Identify a question that was asked, or a problem that needed to be solved when given a brief scenario

Math:

· Read, write and compare whole numbers less than 1,000,000 unit fractions and decimals to hundredths
· Apply and describe the strategy used to compute a division problem up to a 3-digit by 2-digit and addition and subtraction of fractions and decimals.
· Compare related data sets
· Given a set of data make ad justify predictions

Time Needed: 2-3 one-hour class period

Materials Needed:

· 5E Parachute Packet Student Version
· 5E Parachute Packet Teacher Version
· A few willing adults
· Variety of yarn, string, etc for suspension lines
· Variety of canopy materials (coffee filters, fabric, tissue paper, etc…)
· Scissors and tape
· GI Joes or similar sized object

Procedure:

1. Pull students to carpet and discuss what an Aerospace Engineer does (Creates crafts that fly through the atmosphere or in space. “Aircraft” and Spacecraft”.)
2. Bring out GI JOES and present them with the dilemma of needing to get these guys safely to the ground when flying through the air. What do they need to do this? (Parachute).
3. So, today we are going to be Aerospace Engineers and we are going to attempt to design and test parachutes to see which one would keep our GI JOE the safest. 
4. Break up students into small groups (no more than 6 per group, preferably) and assign them an adult who will lead the group. Give students the teacher version of the 5E Parachute packet and the adult the teacher version. Adults will facilitate the learning and guide students to the desired content included on the adult pages. Students will work at different speeds. It is okay if groups are on different phases. Adults should place colored pot-it note on white board under the phase their group has completed so all adults can see how the class is progressing. 
5. Once the learning cycle has been complete, pull students to the carpet to review material and share observations, ideas and conclusions.
*Note- The Evaluate phase should be done independently by the student as this is the assessment piece for this learning cycle. 
Adult and student materials included below. Adult version of 5E parachute packet shows answers in red. Blank student copy of packet follows after. Each packet should include, in order, the Engage, Explain, Explore, Extend and Evaluate. 





Engage
Consider the following:
How does the atmosphere affect a parachute?
Lead a discussion on how the atmosphere (the air) will affect a parachute as it falls through the air. 
Draw and label a picture describing how the atmosphere affects a parachute.
 (
Picture should show the atmosphere (the force) pushing up against the parachute while gravity is pulling the load to the ground. 
)

 (
Atmosphere pushes up
)
 (
Canopy
)
 (
Gravity pulls down
) (
Suspension Line
)
 (
Load
)
 (
Sample Drawing
)


Think about the concept of “drag” in Aerospace Engineering. Drag is the force an atmosphere applies on an object. Watch your facilitator as they demonstrate for you what drag might look like and draw a picture of the example below. Be sure to label everything!
 (
Take the plastic bag by the handles and pull it back and forth through the air, allowing the air to inflate the bag. You have just demonstrated drag!
 Students should draw and label a picture of the model you just showed. 
)







Explore
Using the design page from last science class and the materials provided for your group, begin constructing your parachute. Make sure to record the following:
Diameter of Canopy in inches___(Distance from one side to the other of a circle)___
Length of Suspension Lines in inches __(Distance from canopy to load)_____
 (
At this time all students should draw and label their final parachute design.
)As you are constructing, make sure to record any modifications you may have made to your original design. Draw and label all parts and materials in a diagram below.







After completing your parachute, consider again the idea of drag. In order to get your load safely to the ground after falling through the air, would you want your parachute to create A LOT of drag or A LITTLE drag? Why?
A LOT so the load would fall slower through the air. It may take some discussion but allow students to share ideas and explain why they think they are correct. 
Generate a Hypothesis:
Do you think your parachute will create A LOT or A LITTLE drag? Why?
Have students examine their parachute and decide if their design will create a lot or a little drag ad have them explain why. 


Explain
Students are now ready to test their parachutes! As a group, discuss how they are setting up their experiment. 
Label the parts of this investigation following the method of Experimental Design.
	Control
(Stays the same)
	Independent Variable
(What I changed)
	Dependent Variable
(What happened because of my change)
	Constraints
(Rules I have to follow)

	-Person dropping parachute
-Height parachute is dropped
-Etc…
	-Person timing
-Any modification made to parachute after a drop.
-Etc…
	-Longer/shorter time recordings due to button being pushed differently
-more/less time taken to get load to ground
-Etc…
	-Same person dropping
- Same location for drop
-Person dropping holds canopy/load each time for drop.



	Parachute Material
	Trial #1
	Trial #2
	Trial #3
	Average
(add all three trials together, round to nearest hundredths second, then divide by 3)

	Foil/coffee filter/etc…
	
_2.1_ Seconds
	
_1.5_ Seconds
	
_1.8_ Seconds
	


Show your math work below:
2.1 + 1.5 + 1.8= 5. 4
Average= 5.4 divided by 3 = 16.2
Students are working on long division using decimals so this will be challenging so don’t be afraid to take it slow. We have been learning how to do it but they are not mastered by any means. 
Look at the data your group has collected from the parachute investigation. Which parachute (material) can you conclude as being the best choice to keep your object safe when falling through the air? Why?
Discuss as a group which material was best. You are looking for them to figure out that the one that took the longest to reach the ground is the best because it makes the load fall slower. 
Extend
Now that you have tested your parachutes, draw a picture showing how you would modify your design to make your parachute better.
 (
All students should consider and draw a picture of how they would improve the parachute they created to make it even better. (
bigger
 canopy, longer suspension lines, etc…)
)









Where else in the world would you witness drag? Discuss with your group and generate a list of instances when you might experience an atmosphere applying a force on an object. Record your group ideas below:
Riding a bike
Riding a Roller Coaster
Running
Anything where air is pushing against an object. Allow time for students to create a good size list and describe where the drag is occurring in each example. 





Evaluate
Which parachute would be the most effective at lowering a load SLOWLY to the ground? Circle your answer.
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Explain why you chose the parachute you circled below:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Draw and label below an example of a time when you might experience drag.







How does this example show drag happening?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Engage
Consider the following:
How does the atmosphere affect a parachute?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Draw and label a picture describing how the atmosphere affects a parachute.









Think about the concept of “drag” in Aerospace Engineering. Drag is the force an atmosphere applies on an object. Watch your facilitator as they demonstrate for you what drag might look like and draw a picture of the example below. Be sure to label everything!








Explore
Using the design page from last science class and the materials provided for your group, begin constructing your parachute. Make sure to record the following:
Diameter of Canopy________________________________
Length of Suspension Lines_________________________________
As you are constructing, make sure to record any modifications you may have made to your original design. Draw and label all parts and materials in a diagram below.







After completing your parachute, consider again the idea of drag. In order to get your load safely to the ground after falling through the air, would you want your parachute to create A LOT of drag or A LITTLE drag? Why?
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Generate a Hypothesis:
Do you think your parachute will create A LOT or A LITTLE drag? Why?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Explain
Label the parts of this investigation following the method of Experimental Design.
	Control
(Stays the same)
	Independent Variable
(What I changed)
	Dependent Variable
(What happened because of my change)
	Constraints
(Rules I have to follow)

	
	
	
	



	Parachute Material
	Trial #1
	Trial #2
	Trial #3
	Average
(add all three trials together, round to nearest hundredths second, then divide by 3)

	
	
_____ Seconds
	
_____ Seconds
	
_____ Seconds
	


Show your math work below:




Look at the data your group has collected from the parachute investigation. Which parachute (material) can you conclude as being the best choice to keep your object safe when falling through the air? Why?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Extend
Now that you have tested your parachutes, draw a picture showing how you would modify your design to make your parachute better.










Where else in the world would you witness drag? Discuss with your group and generate a list of instances when you might experience an atmosphere applying a force on an object. Record your group ideas below:








	

Evaluate
Which parachute would be the most effective at lowering a load SLOWLY to the ground? Circle your answer.
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Explain why you chose the parachute you circled below:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Draw and label below an example of a time when you might experience drag.







How does this example show drag happening?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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