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6E The Aeronauts Lesson for Upper Elementary

OVERVIEW: ENGINEERING DESIGN CHALLENGE

Using only the materials provided, student teams will design and create a hot air balloon that will lift off of the 
ground and ascend to a designated height.

LEARNING TARGETS: 
 ❖ Students will collaborate to achieve a common goal.
 ❖ Students will design and build a working model of a hot air balloon.
 ❖ Students will describe the properties of gases and how a hot air balloon works.
 ❖ Students will learn and implement the Engineering Design Process while creating a model of a hot air balloon.

NGSS STANDARDS

3-5 Engineering Design

Students who can demonstrate understanding can:
3-5-ETS1-1. Define a simple design problem reflecting a need or a want that includes specific criteria for success and constraints of 
materials, time or cost.

Science and Engineering Practices Disciplinary Core Ideas Cross Cutting Concepts

Asking questions and defining problems 
in grades 3-5 builds on K-2 experiences 
and progresses to specifying qualitative 
relationships.

 ♦ Define a simple design problem that 
can be solved through the development 
of an object, tool, process or system 
and includes several criteria for suc-
cess and constraints on materials, time 
or cost. 

ETS1.A: Defining and Delimiting  
Engineering Problems

 ♦ Possible solutions to a problem are 
limited by available materials and 
resources (constraints). The success 
of a designed solution is determined by 
considering the desired features of a 
solution (criteria). Different proposals 
for solutions can be compared on the 
basis of how well each one meets the 
specified criteria for success or how 
well each takes the constraints into 
account.  

Influence of Science, Engineering and 
Technology on Society and the Natural 
World

 ♦ People’s needs and wants change over 
time, as do their demands for new and 
improved technologies.
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ENGAGEMENT (45-60 MINUTES)
Video clips to hook students and build background knowledge using a graphic organizer.

Materials Procedures Sample Questions / Teacher Hints

 ♦ Video clips 

 ♦ Chart paper and markers

The Aeronauts movie trailer
(running time: 2:21)
https://youtube.com/ 
watch?v=Rm4VnwCtQO8

Albuquerque International Balloon Fiesta 
(running time: 10:18)
https://youtube.com/ 
watch?v=APQdE4TJQJI

Hot Air Balloon—Preparation,  
Take Off and Flight 
(running time: 6:39)
https://youtube.com/ 
watch?v=1WJFQT69DJs

 ♦ Complete a T-chart about what 
students know about hot air balloons 
and questions they have about hot air 
balloons. 

 ♦ Share the video(s) you chose. (You can 
load all videos onto Google Classroom 
and have students comment on the 
videos.)

 ♦ Go back to the T-chart and make any 
additions.

 ♦ Introduce the Driving Question for the 
lesson: How can we design, build 
and launch a hot air balloon that 
safely carries two aeronauts?

 ♦ What do you know about hot air 
balloons?

 ♦ What did you notice in the video(s)?

 ♦ Do you have any questions about hot 
air balloons?

Materials Procedures Sample Questions / Teacher Hints

 ♦ Internet access or books on hot air 
balloons and properties of gases.

 ♦ Chart paper/poster board

 ♦ Markers

Helpful websites:

Student-friendly diagram and information 
about hot air balloons
www.planoballoonfest.org/p/about/ 
anatomy

Video on how hot air balloons work
(running time: 3:49) 
https://youtube.com/watch 
?v=ABsVP41-EeY

“Age of the Aeronaut”
https://library.si.edu/exhibition 
/fantastic-worlds/age-of-the-aeronaut

Jigsaw activity

1. Divide students into four groups of 
3-6 students to research one of the 
following groups of questions:

a. What is an aeronaut? Who were 
some important aeronauts of the 
past, and why were they important? 
What is aeronautical engineering?

b. What are the parts (and their 
functions) of a hot air balloon? 
Include a diagram.

c. How does a hot air balloon work? 
Describe what makes it move up 
and down.

d. What are the properties of gases? 
What happens to gases at different 
temperatures?

Is there anything you can add to your post-
er that will help your peers understand the 
information?

EXPLORATION (60-90 MINUTES)
Students investigate websites/books for information about the parts and functions of a hot air balloon.

https://www.youtube.com/watch?v=Rm4VnwCtQO8
https://www.youtube.com/watch?v=APQdE4TJQJI
https://www.youtube.com/watch?v=1WJFQT69DJs
https://www.youtube.com/watch?v=1WJFQT69DJs
https://www.planoballoonfest.org/p/about/anatomy
https://www.planoballoonfest.org/p/about/anatomy
https://www.youtube.com/watch?v=ABsVP41-EeY
https://library.si.edu/exhibition/fantastic-worlds/age-of-the-aeronaut
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Materials Procedures Sample Questions / Teacher Hints

What is aeronautical engineering?
https://bestvalueschools.com/faq/
what-is-aeronautical-engineering/

Video on riding in a hot air balloon— 
for science
(running time: 6:41) 
https://youtube.com/watch 
?v=AqhnZz17amw 

Properties of gases
http://chem4kids.com/files 
/matter_gas.html

2. Once students have answered their 
questions, they need to create a poster 
to share their researched information 
with the rest of the class.

EXPLORATION CONT’D

Materials Procedures Sample Questions / Teacher Hints

 ♦ Student-prepared posters

 ♦ Design Portfolio, pages 2-4

 ♦ Display the student-created posters 
around the room.

 ♦ Groups circulate around the posters 
and review the information presented.

 ♦ After the groups have had a chance 
to discuss each poster, work with the 
class as a whole. Discuss the four ques-
tions found on the posters and address 
any misconceptions.

 ♦ Students need to complete the  
Ask portion of the Design Portfolio, 
pages 2- 3.

 ♦ Review the driving question (How 
can we design, build and launch a hot 
air balloon that safely carries two 
aeronauts?) and complete page 4 of the 
Design Portfolio. 

 ♦ What are the parts of a hot air balloon?
Envelope (the balloon), mouth or throat (the 
bottom of the balloon), skirt (where the 
burner goes), basket

 ♦ What is an aeronaut?
Dictionary definition: A traveler in a hot air 
balloon, airship or other flying craft.

 ♦ What is aeronautical engineering?
Aeronautical engineering is the science 
involved with the study, design and manu-
facture of flight-capable machines, or the 
techniques of operating aircraft. 

 ♦ How do hot air balloons work?
As the air inside the envelope gets heated, 
the balloon rises. Hot air is lighter than cold 
air and rises.

 ♦ What are the properties of gases?
Gases have no definite shape or volume, the 
molecules are farther apart than solids or 
liquids, and the pressure increases as the 
gas is heated causing the molecules to move 
rapidly.

EXPLANATION (45 MINUTES)
Gallery walk: Students will present their research through display and circulate to gather important information 
researched by each group.

https://www.bestvalueschools.com/faq/what-is-aeronautical-engineering/
https://www.youtube.com/watch?v=AqhnZz17amw
https://www.youtube.com/watch?v=AqhnZz17amw
http://chem4kids.com/files/matter_gas.html
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ENGINEER (3-4 HOURS)
Students investigate and chart the properties of different materials. Students are divided into teams of 2-3 students 
to design, construct and test their hot air balloons. 

Materials Procedures Sample Questions / Teacher Hints

 ♦ Plastic bag

 ♦ Wax paper

 ♦ Tissue paper

 ♦ Construction paper

 ♦ Cheesecloth

 ♦ Fabric

 ♦ String

 ♦ Design Portfolio, page 5 

Part 1 (45 minutes): Materials testing

 ♦ Give each group a plastic bag, wax pa-
per, tissue paper, construction paper, 
cheesecloth and fabric

 ♦ Have each group test the material to 
see if it is flexible, if it is tearable and if 
it will capture air.

 ♦ Have students decide if the materials 
are light or heavy.

 ♦ Students should fill out the chart on 
page 5 of the Design Portfolio.

 ♦ After students have had a chance to 
test the materials, have a group discus-
sion about the properties. 

 ♦ Answer the question: Which of these 
materials would be good to use to 
construct the hot air balloon? 

 ♦ How can you test to see if the materials 
will capture air?

 ♦ Does one material capture air more or 
less than another? What makes you 
think that?

 ♦ Which material(s) would be good to 
use to construct a hot air balloon? Why 
or why not? 

 ♦ Although the cheesecloth is light and 
extremely flexible, would it be good to 
use in the construction of the balloon?

 ♦ Could you use a combination of mate-
rials to build the balloon?

 ♦ Sample skirt and basket constructed 
of chenille stick (pipe cleaner), fishing 
line and soufflé cup

 ♦ Hair dryer*

 ♦ Design Portfolio, pages 6-7

*The hair dryer will be used to create a 
skirt of the correct uniform width for all 
designs. To construct the ring, wrap the 
pipe cleaner around the mouth of the hair 
dryer and twist the ends closed. To con-
struct the basket, attach the soufflé cup 
with strings/fishing line at least 6 inches 
long to the ring. 

Part 2 (45-60 minutes): Brainstorm and 
plan

 ♦ Show students the skirt/basket sample 
and have them include it in their 
design.

 ♦ Have students individually complete 
the brainstorming page in the Design 
Portfolio, page 6. 

 ♦ Have students decide which is their 
best design and circle the drawing.

 ♦ Have students return to their groups 
and share out their best design.

 ♦ Each team will decide on one design to 
build and test.

 ♦ Have students draw the agreed-upon 
design in the Design Portfolio, page 7.

 ♦ Students need to create a list of mate-
rials required to build their design. 

If groups are struggling to come to a 
consensus, the following questions can be 
used:

 ♦ What elements are the same in 
each design that could be kept in 
the final design?

 ♦ How can you compromise?

 ♦ Are there things you can live with-
out in your design?

Remind students to label each of the parts 
in their design.
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 ♦ Tape

 ♦ Glue

 ♦ Hot glue gun (optional)

 ♦ Straws

 ♦ Aluminum foil

 ♦ Wax paper

 ♦ Pipe cleaners

 ♦ Bathroom drinking cup or small soufflé 
cup

 ♦ String

 ♦ Fishing line

 ♦ Thread

 ♦ Plastic bags

 ♦ Tissue paper

 ♦ Dry cleaner bags

 ♦ Fabric

 ♦ Scissors

 ♦ Hair dryer

 ♦ Mini marshmallows

 ♦ Any additional materials that students 
have identified and can bring in.

 ♦ Design Portfolio, pages 7-8

For teacher background knowledge only—
using a hair dryer as a heat source:

Kids Fun Science
(running time: 4:20)
https://youtube.com/watch 
?v=p6TLme6HFkE

Curiosity Show
(running time: 4:54)
https://youtube.com/watch 
?v=jB-X3UpZnc4

Part 3 (60-90 minutes): Create and test

Create

 ♦ Have students construct their balloon.

 ♦ Remind students to follow their 
plan and use only the materials 
they listed. 

 ♦ Troubleshoot: If students add/
remove materials during their build, 
they need to go back and adjust their 
materials list in their Design Portfolio 
on page 7.

Test

 ♦ Place two mini marshmallows in the 
basket to represent the two aeronauts. 

 ♦ Follow the test protocol on page 8 of 
the Design Portfolio.

 ♦ Each student group should complete 
the test rubric on page 8. 

At this time, teachers should be circu-
lating throughout the room and helping 
students troubleshoot.

 ♦ Set up a station to test balloons. See 
the videos for guidance on how to use 
the hair dryer. 

 ♦ How did the weight of the materials 
you used affect your hot air balloons 
ability to lift?

 ♦ Design Portfolio, pages 9-11 Part 4 (45-60 minutes): Redesign, test 
and reflect

 ♦ Students will make any adjustments 
to their balloons and record their new 
plan, material list and test data in their 
Design Portfolio, pages 9-10.

 ♦ Complete the results/reflection page 
in the Design Portfolio, page 11. 

ENGINEER CONT’D

https://www.youtube.com/watch?v=p6TLme6HFkE
https://www.youtube.com/watch?v=jB-X3UpZnc4
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ENRICH (45-50 MINUTES)
Escape room: Students solve puzzles to review the Engineering Design Process.

Materials Procedures Sample Questions / Teacher Hints

 ♦ Prepared puzzles (2-3 of each puzzle, 
depending on class size) 

 ♦ Envelopes

 ♦ “Secret code” graphic organizer

 ♦ Put students in groups of 2-3.

 ♦ Place one puzzle in each envelope, 
labeling them 1-7. See the escape room 
directions page.

 ♦ Give each group a different puzzle.

 ♦ As the groups decode the puzzles, they 
put the answer on the “secret code” 
graphic organizer.

 ♦ If the code is correct, then they are 
given another envelope with a new 
puzzle to solve.

 ♦ Directions for preparing each puzzle 
can be found on the directions page.

 ♦ It is helpful to have several copies of 
each puzzle so that groups that com-
plete a puzzle can have another puzzle 
to work on.

 ♦ It is helpful to set guidelines on how 
students should alert the teacher when 
they have a completed a puzzle and it is 
ready to be checked so they can move 
on to the next puzzle.

Materials Procedures Sample Questions / Teacher Hints

 ♦ Student recording sheet—Evaluate: 
Engineering Design Process 

 ♦ Scoring rubric sheet—Rubric: 
Engineering Design Process

 ♦ Using the student recording sheet, 
students will individually explain how 
they used the Engineering Design 
Process to design their hot air balloon.

 ♦ Remind students to use complete sen-
tences as they describe the seven steps 
of the process. Encourage students to 
include details about how they com-
pleted each step for the hot air balloon 
project. 

EVALUATION (30-45 MINUTES)
Options 1: The Engineering Design Portfolio 

Option 2: The Engineering Design Process recording sheet
 ❖ Students complete an evaluation that demonstrates their knowledge of the Engineering Design Process:
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EVALUATE: ENGINEERING DESIGN PROCESS

STUDENT DIRECTIONS:
Using complete sentences, describe each step of the Engineering Design Process and tell what you did in each step 
specific to the hot air balloon design challenge.

Ask

Brainstorm

Plan

Create

Test

Redesign

Communicate

NAME: 
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Designing a Hot Air Balloon

NAME: GRADE: 



Created by the AFT Science Cadre —  1  —

Engineering 
Design Process

ASK
What is needed?

What has been done?

BRAINSTORM
Identify any  

and all possible 
solutions.

PLAN
Draw a diagram. 

Think about  
materials.

CREATE
Follow your plan 

and build a  
prototype.

TEST
Follow the test  
prototype and 

try your  
prototype.

REDESIGN
Make any needed 

adjustments to 
your prototype to 

improve its  
performance.

COMMUNICATE
Share out your 

results.
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NAME: ASK

What are the parts and functions of a hot air balloon?

Draw a diagram of a hot air balloon and label its parts.
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NAME: ASK

How do hot air balloons work? How do they go up and down?

What is an aeronaut? What is aeronautical engineering?

What are some properties of gases? What happens to gases at different temperatures?
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NAME: ASK

Driving Question: What do we want our hot air balloon to do? How will you know if you have met the challenge?

What are some important properties of hot air balloon materials that scientists have discovered?

What are some concerns for the hot air balloon as it travels?
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NAME: ASK

Investigate some of the materials that you may include in your design. Complete the properties chart below.

Which materials would be good to use to construct a hot air balloon? 

Material Is it flexible? Does it tear easily? Can it capture air? Is it heavy or light?

plastic bag

tissue paper

wax paper

construction 
paper

cheesecloth

fabric
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NAME: BRAINSTORM

Brainstorm ideas for your hot air balloon. Draw and label your ideas in the boxes below and then circle your best idea.

Share your best idea with your teammates and decide on ONE design to build as a team. You may need to 
compromise or combine some ideas.
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NAME: PLAN and CREATE

Draw a diagram of your team’s design. Label the parts/materials used in the design.

Design # 

List any additional materials you will need to build your design. 
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NAME: TEST

Criteria 0 1 2 Score 
Received

Structural 
Integrity

Balloon did not fill
Balloon filled  

but air escaped
Balloon filled  
and held air

Liftoff 
(measure from the 

bottom of the basket)
Balloon did not lift

Balloon lifted less 
than 3 feet

Balloon lifted  
3 feet or more

Aeronaut safety*
Both aeronauts fell 

out of the basket
One aeronaut fell out 

of the basket

Both aeronauts  
remained safe  
in the basket

Balloon Design # 

TEST PROTOCOL
 ❖ Load the two marshmallow aeronauts into the basket.
 ❖ Fill the balloon with hot air at floor level.
 ❖ Remove the blow dryer and release the balloon.
 ❖ Record the correct score for each of the criteria and add the scores for a total.

*Please note that aeronaut safety is part of the main goal of the design. 

Total Score: 

In what area did the hot air balloon score the best?   

In what area did the hot air balloon score the worst?   

What areas will you focus on for improvement in your team’s next design? Why?
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NAME: REDESIGN

Draw a diagram of your team’s redesign. Label the parts/materials used in the design.

Design # 

List any additional materials you will need to build your design. 
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NAME: TEST

Criteria 0 1 2 Score 
Received

Structural 
Integrity

Balloon did not fill
Balloon filled  

but air escaped
Balloon filled  
and held air

Liftoff 
(measure from the 

bottom of the basket)
Balloon did not lift

Balloon lifted less 
than 3 feet

Balloon lifted  
3 feet or more

Aeronaut safety*
Both aeronauts fell 

out of the basket
One aeronaut fell out 

of the basket

Both aeronauts  
remained safe  
in the basket

Balloon Design # 

TEST PROTOCOL
 ❖ Load the two marshmallow aeronauts into the basket.
 ❖ Fill the balloon with hot air at floor level.
 ❖ Remove the blow dryer and release the balloon.
 ❖ Record the correct score for each of the criteria and add the scores for a total.

*Please note that aeronaut safety is part of the main goal of the design. 

Total Score: 

In what area did the hot air balloon score the best?   

In what area did the hot air balloon score the worst?   

What areas will you focus on for improvement in your team’s next design? Why?



Created by the AFT Science Cadre —  11  —

NAME: COMMUNICATE RESULTS / REFLECTION

Use complete sentences, to answer the following questions:

Which hot air balloon design worked the best? How do you know it was better than the other design? Provide details 
to support your answer.

If you could improve this design, what would you do? Be specific.
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Engineering Design Process Escape Room

 ❖ Make copies of the secret code graphic organizer. There are two to choose from. One has hints.
 ❖ Make 2-3 copies of each puzzle. Laminate if possible. Groups can be working on the same puzzle at the same time. 

It is helpful to have multiple copies of the puzzles so that there is no wait time for a puzzle.
 ❖ Use manila envelopes, and put one puzzle in each envelope. 
 ❖ Number each envelope with the corresponding puzzle number.
 ❖ Put students in groups of 2-3.
 ❖ Give each group a puzzle and a graphic organizer.
 ❖ Students will complete their puzzle and write the code/answer on the graphic organizer.
 ❖ After a code/answer is approved by the teacher, give the group a new puzzle.

Puzzle 1
Puzzle 1 is a pigpen cypher. Each envelope needs the cypher and the hidden message. Students 
will use the cypher to discover that the hidden message says name for all possible solutions. They 
should record brainstorm on their graphic organizer.

Puzzle 2

Puzzle 2 is a snote. Each envelope needs the round snote (put one in for each student to elimi-
nate arguments), and the Post-it note hint. Each round circle has four hidden words (test, create, 
redesign, plan). On their graphic organizer, they should answer the question: What comes next? 
Communicate

Puzzle 3

Puzzle 3 is a maze. Each envelope needs one puzzle. Make extra copies so that after each group 
writes on the maze, you can place a clean copy into the envelope. To get out of the maze, you 
need to follow the path that states: After you brainstorm and decide on a design you build a ____. 
Students need to put prototype on their graphic organizer.

Puzzle 4

Puzzle 4 is a jigsaw puzzle. Before doing the activity, the jigsaw puzzle will need to be cut apart. 
Each envelope needs one copy of the puzzle and one copy of the phone message. Once the puzzle 
is put together, students should start at redesign, go clockwise and record the numbers found in 
each part of the engineering design process. Students should get the following code: 8374015
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Puzzle 5

Puzzle 5 is a cryptogram puzzle. There are two versions of the puzzle included. One has all the 
numbers attached to letters. The second is more challenging, and students will need to figure 
out the number associated with each letter. Each envelope needs one copy of the cryptogram. 
When the puzzle is solved, it will say: Once you build a prototype the next step is to do what?  
Students should put test on their graphic organizer.

Puzzle 6

Puzzle 6 is scrambled tiles. Prior to doing this puzzle, you need to decide which set of tiles you 
will use. One set has three letters per tile, the other has four letters per tile. Cut out the tiles 
so that students can manipulate them. They will rebuild the tiles in the framework. When put 
together, the clue should read: Engineers draw or sketch a picture of their design. This is called a 
____. On their graphic organizer, they should write plan.

Puzzle 7

Puzzle 7 is four receipts. Each envelope needs a copy of each of the four receipts. Cut the re-
ceipts apart before putting them into the envelope. Students will need to decide which receipt 
has the steps to the engineering design process in the correct order and enter the total on their 
graphic organizer. 46.99
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GRAPHIC ORGANIZER

GROUP MEMBERS: 

GROUP MEMBERS: 

Puzzle 1 Puzzle 5

Puzzle 2 Puzzle 6

Puzzle 3 Puzzle 7

Puzzle 4

 

Puzzle 1 Puzzle 5

Puzzle 2 Puzzle 6

Puzzle 3 Puzzle 7

Puzzle 4

 

Engineering Design Process - Secret Codes

Engineering Design Process - Secret Codes
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GRAPHIC ORGANIZER

GROUP MEMBERS: 

GROUP MEMBERS: 

Puzzle 1
(word)

Puzzle 5
(word)

Puzzle 2
(word)

Puzzle 6
(word)

Puzzle 3
(word)

Puzzle 7
(4-digit code)

Puzzle 4
(7-digit code)

 

Puzzle 1
(word)

Puzzle 5
(word)

Puzzle 2
(word)

Puzzle 6
(word)

Puzzle 3
(word)

Puzzle 7
(4-digit code)

Puzzle 4
(7-digit code)

 

Engineering Design Process - Secret Codes

Engineering Design Process - Secret Codes
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RUBRIC: ENGINEERING DESIGN PROCESS

STUDENT DIRECTIONS:
Using complete sentences describe each step of the Engineering Design Process and tell what you did in each step 
specific to the hot air balloon design challenge.

Use the following criteria to evaluate the Engineering Design Process.

0 1 2

Ask
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “did research”) or  

described one thing that was  
done to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Brainstorm
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “found solutions”) or  

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Plan
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “drew a picture”) or  

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Create
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “built model”) or  

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Test
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “tested model”) or  

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Redesign
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “made improvements”) or 

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

Communicate
Did not describe the step  

involved or what was done  
in the project.

Described the step in generic terms 
(e.g., “told others about it”) or  

described one thing that was done 
to meet this step.

Described the step and  
gave details about what was done 

specifically in the project.

NAME: 


