
Civil Air Patrol’s ACE Program

Payload Packaging Challenge 
Grade 6 Academic Lesson #7 

Topics: scientific method, motion, force, design, safety, technology, economics 
 (science, math) 

Length of Lesson:  60 minutes 

Objectives: 
● Students will define payload.
● Students will design a cost-effective package to safely deliver

payload.
● Students will use critical thinking and problem solving skills.
● Students will use teamwork skills.

Next Generation Science Standards: 

● MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to
ensure a successful solution, taking into account relevant scientific principles and potential
impacts on people and the natural environment that may limit possible solutions.

● MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how
well they meet the criteria and constraints of the problem.

● MS-ETS1-3. Analyze data from tests to determine similarities and differences among several
design solutions to identify the best characteristics of each that can be combined into a new
solution to better meet the criteria for success.

● MS-PS3-1. Construct and interpret graphical displays of data to describe the relationships of
kinetic energy to the mass of an object and to the speed of an object.

● MS-PS2-1. Apply Newton’s Third Law to design a solution to a problem involving the motion of two
colliding objects

CCSS Math: 
● 6.NS.3 - Compute fluently with multi-digit numbers and find common factors and multiples.

CCSS ELA:
● SL 6.1 - Prepare for and participate effectively in a range of conversations and collaborations

with diverse partners, building on others' ideas and expressing their own clearly and persuasively.
● SL 6.2 - Integrate and evaluate information presented in diverse media and formats, including

visually, quantitatively, and orally.
● SL 6.4 - Present information, findings, and supporting evidence such that listeners can follow the

line of reasoning and the organization, development, and style are appropriate to task, purpose,
and audience.
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Background Information: (from NASA Facts: Mars Exploration Rover)
Mars came closer to Earth in August 2003 than it had in thousands of years. NASA decided in the summer of 2000 
to take advantage of this favorable planetary geometry to send two rovers to Mars: Spirit and Opportunity.    

Both rovers were launched from Cape Canaveral Air Force Station on central Florida’s Space Coast. Spirit ascended 
in daylight on June 10, 2003. Opportunity followed with a nighttime launch on July 7.   Each rover made the trip 
tightly tucked inside its folded-up lander, which was encased in a protective aeroshell and attached to a disc-
shaped cruise stage about 2.6 meters (8.5 feet) in diameter. The cruise stage was jettisoned about 15 minutes 
before the spacecraft reached the top of Mars’ atmosphere.  

With the heat-shield portion of the aeroshell pointed forward, the spacecraft slammed into the atmosphere at 
about 5.4 kilometers per second (12,000 miles per hour). Atmospheric friction in the next four minutes cut that 
speed by 90 percent, then a parachute fastened to the backshell portion of the aeroshell opened about two 
minutes before landing. About 20 seconds later, the spacecraft jettisoned the heat shield.  In the final eight 
seconds before impact, gas generators inflated the lander’s airbags, retro rockets on the backshell fired to halt 
descent speed, and transverse rockets fired (on Spirit’s lander) to reduce horizontal speed. The bridle was cut to 
release the lander from the backshell and parachute. Then the airbag-encased lander dropped in free fall.  

Spirit landed on Jan. 4, Universal Time (at 8:35 p.m. Jan. 3, Pacific Standard Time). It bounced about 8.4 meters 
(27.6 feet) high. After 27 more bounces and then rolling, it came to a stop about 250 to 300 meters (270 to 330 
yards) from its first impact. Spirit had journeyed 487 million kilometers (303 million miles).  

Opportunity landed on Jan. 25, Universal Time (at 9:05 p.m. Jan. 24, Pacific Standard Time). It traveled about 200 
meters (220 yards) while bouncing 26 times and rolling after the impact. It came to rest inside a small crater. One 
scientist called the landing an “interplanetary hole in one.” Opportunity had flown 456 million kilometers (283 
million miles) from Earth and landed only about 25 kilometers (16 miles) from the center of the target area.  

The design for the two rovers began with some basics from Sojourner, the rover on NASA’s 1997 Mars Pathfinder 
mission. Some of the carried-over design elements are six wheels and a rocker-bogie suspension for driving over 
rough terrain, a shell of airbags for cushioning the landing, solar panels and rechargeable batteries for power, and 
radioisotope heater units for protecting batteries through extremely cold martian nights. However, at 174 
kilograms (384 pounds), each Mars Exploration Rover is more than 17 times as heavy as Sojourner. They are also 
more than twice as long (at 1.6 meters or 5.2 feet) and tall (1.5 meters or 4.9 feet). Pathfinder’s lander, not the 
Sojourner rover, housed that mission’s main communications, camera and computer functions. The Mars Exploration 
Rovers carry equipment for those functions onboard. Their landers enfolded them in flight and performed crucial 
roles on arrival, but after Spirit and Opportunity rolled off their unfolded landers onto Martian soil, the landers’ 
jobs were finished. 
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Materials: 
- “Payload Packaging Challenge” sheet -one per group (one copy included with this lesson)
- materials price list – one per group (one copy included with this lesson)
- computer with Internet access, external speakers, and a projector (optional)
- materials as listed on the “Materials Price List”  (See the “Materials Price List” at the end of this

lesson.  These materials can be modified as needed.  Learn more in the “Note” that follows.)
NOTE:
The goal of this lesson is for students to design and build an object capable of being released several feet 
above the ground and delivering an egg safely to the ground.  Students can use any materials the teacher has 
available!!!  Here are some helpful ideas. Cut pieces of poster board into smaller pieces.  For nylon hose, 
consider the approximately inexpensive off-brand of knee highs at discount stores.  Consider asking a fast 
food restaurant to donate hamburger containers.  Adjust the “materials price list” page to reflect the 
materials and prices that you deem appropriate for your class. 

Prior to conducting this lesson, determine the location from which your students will drop their payload 
packages.  Consider the following:  the top of a multi-leveled stairwell (inside or out), open window of a high 
level room, the press box or top bleacher at the school football or baseball field, or consider asking the fire 
department or the utility company to bring a bucket truck!  

Lesson Presentation:
1. Write the term “payload” on the board.  Ask students what this term means.  Confirm that in

aerospace, payload refers to valuable “cargo” (or luggage) that is carried by a plane or rocket.  If
a rocket is delivering a satellite into space, the satellite is the rocket’s payload, for example.

2. Tell students that rockets have carried rovers as payload to Mars.  The U.S. has sent rovers such
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as Sojourner (that landed in 1997) and Spirit and Opportunity (that landed in 2004) to Mars. 
Explain that these rovers had to be delivered to Mars safely.   

3. (optional – but strongly suggested) To visually explain how the Mars rovers get to Mars and land,
show the “Rover Mission to Mars Animation” video.

4. Tell students that they are going to design a payload package, or lander, capable of delivering a
rover, represented by an egg, safely to Mars, represented by the floor/ground. They will be
dropping their payload from a higher altitude.  (Hopefully, a location is available that will allow
students to drop the package from a height of two or three stories.)  Explain that this is a
competition.  The winner of the competition will be the group that designs the cheapest
package/lander that delivers the rover (egg) safely to Mars (the floor/ground).

5. Allow students to get into small groups of 2 or 3, or divide students into predetermined groups.
6. Distribute one “Payload Packaging Challenge” sheet and a “materials list” to each group.  Explain

that questions asked once students begin will cost them money, so it is important to listen
carefully!   Tell students that not only are they responsible for creating a safe delivery package,
they are responsible for designing a cost-effective package.   Show students the materials that
are available and go over the price for each.  Explain that when students determine they are
ready to purchase an item, they are to write the item on the “Payload Packaging Challenge” sheet,
and ONE person from the group will bring the sheet to the teacher for the teacher to initial and
observe the student getting the item(s) purchased.    They do NOT have to list all the items at
once.  They can list and obtain items during the building process.  Distribute an egg in a small,
plastic self-sealed bag to each group.  Tell students that there is no cost for these items (egg
and bag) as another company developed and paid for this “rover.”  Your task is to land it safely on
“Mars.”  Ask students if they have any questions before you start charging for questions, which
would be considered a “consultant fee.”

7. Set a reasonable time limit for students to build their payload package/lander and allow students
to begin.

8. Once time is up, collect each group’s “Payload Packaging Challenge” sheet and go to the drop
location.  Allow each group to announce the cost of their payload package/lander and drop their
payload package.  (Allow groups to do this one at a time.)

9. Have each group open their package/lander.
10. Determine the winner by learning who built the cheapest package/lander that delivered the

payload to the floor/ground without damage.

11. If time permits, return to the classroom and list the cost of each group’s lander and display the
results of each group’s payload.  Discuss the results.
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● teacher observation
● payload package/lander created by each group
● “Payload Packing Challenge” data sheet for each group
● result of payload drop (Did the egg break, or did it remain intact?)

Additional activity ideas to enrich and extend the primary lesson (optional):
● On the back of the “Payload Packaging Challenge” sheet, have groups write a paragraph to

describe their lander and their lander’s performance.  Have groups write a paragraph describing
any changes they would make on a future lander.

● Allow students to make changes to their initial designs and try the challenge again.
● Have students use the scientific method (question, research – if applicable, hypothesis,

experiment, analysis, and conclusion) to write an explanation of today’s experiment.  In their
conclusion, have them write what they would change or do differently next time.

● Offer a similar payload packaging challenge to students using the following:
- Have students (in groups of 2-3 members) make an equilateral

triangle on cardstock paper with sides measuring 8” long.
- Have them cut out the triangle and fold each corner toward the

center in order to create a tetrahedron.
- Using a hole-punch, punch a hole in the top of each of the 3 tips of

the tetrahedron.
- Provide students with string, an egg, a small plastic self-sealing bag, 3 balloons, and 3

cotton balls.  Additionally, provide them with material to construct a parachute – gift-wrap
tissue paper or grocery store plastic bags work well.

- Tell students their design challenge is to create a spacecraft capable of delivering the egg
to the ground from a specified height using the materials provided to them.

Summarization:
Discuss why utilizing non-manned space exploration vehicles is important.  (safety due to unknown 
factors; longevity of the mission; weight in terms of additional items that humans would have to take 
such as food,  clothing, restroom; size of spacecraft as a smaller craft can be built since it does not 
have to accommodate the size of a human; economics; machines do not have to return to Earth) 

Character Connection:  Remind students that engineers who design spacecraft have a tough job.  Not 
only must they consider safety, but they also must consider cost.  They must work carefully with science and 
math concepts in order to design safe, cost-effective products.  How cool would it be to see a spacecraft, 
satellite, rover, or an astronaut go to another planet and know that you helped make that possible!  
Remind students that it takes many people to create aviation and space exploration successes.  It took 
thousands of people working together to get the first men to the moon in 1969.  All jobs are important, and 
when everyone works hard and well together, great things happen.  Encourage students to always try their 
best and work well with others as those are two big ingredients to personal and professional success. 

Assessment:
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Associated Websites:
● Learn more about the rovers of Mars at the following websites:

- JPL Mission to Mars: Mars 2020
- NASA Facts: Mars Exploration Rovers
- Mars Pathfinder

● Mars Exploration Interactive

● Mars Pathfinder Egg Drop Challenge

● Egg Drop Lander 
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List students in your group. _ 

Write the name of your company. _ 

List each item you purchase to build your payload package and the cost of each item. You 
can purchase as few or as many items as you want unless your teacher gives you different 
instructions.  Remember, the cheapest package that safely delivers the rover (egg) wins! 

ITEM COST Teacher’s Initials 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 
If you have more items to purchase, list them on the back of this page. 

What is the final TOTAL cost of your payload package? 

After the competition, write the results of your team’s design on the back of this paper. Explain why 
you think your design worked the way it did, and explain what your team would change if you were to 
do this activity again. 
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MATERIALS PRICE LIST

Item Price
Consultant questions $ 10,000 

Cardboard/Styrofoam container 250,000 
Cardboard (per sheet) 100,000 

Poster board (per sheet) 70,000 
Construction/Color Paper -1 sheet 25,000 

Plastic Bag 40,000 
Nylon hose 20,000 

Balloon 15,000 
Handful of Packing Peanuts 25,000 

Bubble Wrap 25,000 
Duct Tape – 12 inches 60,000 

Masking Tape – 12 inches 50,000 
Use of hot glue per 5 minutes 40,000 

Glue (regular) 35,000 
Markers 20,000 

Newspaper 20,000 
String - 60 cm 20,000 

* Sorry, NO refunds or exchanges!
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