
Flight
Lesson plans to help you teach students the engineering design 

process with machines that fly!
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Dear Educator,

Welcome to Curiosity Machine: Flight! The following lesson plans were developed to inspire 
students to be curious, creative, and persistent learners. Lessons are project-based, provid-
ing a rich and engaging learning experience and each lesson is aligned to Next Generation 
Science Standards in Engineering Design. 

Through Curiosity Machine, each student will also benefit from individual mentorship on 
their work from scientists and engineers. In order to provide the best experience for your 
students, please take a moment to watch our Curiosity Machine Introduction video. Men-
tors are trained to encourage students to redesign and persist through failure, thinking 
creatively to solve problems and be curious to ask new questions. They are diverse role 
models who share their experience and aim to inspire the next generation of inventors.

While the majority of inventing will take place in class, your students can continue to build 
and explore at home with the support of their online mentors. Parents play a crucial role in 
this process so please encourage them to participate!

We hope you and your students thoroughly enjoy this free resource, and share it with fel-
low educators and parents.

Sincerely,

The Curiosity Machine Team
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1. Build a Glider

NGSS Alignment
MS-ETS1-1
•	 Define a design problem that can be solved through the development of an object, tool 

process, or system and includes multiple criteria and constraints, including scientific knowl-
edge that may limit possible solutions.

•	 The more precisely a design task’s criteria and constraints can be delineated, the more 
likely it is that the design solution will be successful. Specification of constraints includes 
consideration of scientific principles and other relevant knowledge that are likely to limit 
possible solutions.

MS-ETS1-4	
•	 A solution needs to be tested and then modified on the basis of the test results in order to 

improve it.
•	 The iterative process of testing the most promising solutions and modifying what is pro-

posed on the basis of the test results leads to greater refinement and ultimately an optimal 
solution.

Students 
Learn

•	 To define a design problem and constraints
•	 To redesign based on their test results and that engaging in redesign will help 

the overall effectiveness model.

Students Do •	 Engage in a collaborative process to determine the design problem and con-
straints.

•	 Build a design solution to their design problem and constraints.
•	 Conduct at least three design solution tests and three redesigns.
•	 Reflect on their process of finding the best design solution. This reflection will 

highlight the redesign process.

Time 60-90 minutes

Resources Flight Workbook
Student online access to Curiosity Machine Build a Glider design challenge

Build a Glider https://www.curiositymachine.org/challenges/26/

https://s3.amazonaws.com/curiositymachine/units/resources/Hive+DML_Flight-Workbook.pdf
https://www.curiositymachine.org/challenges/26/AudraTor/plan/
https://www.curiositymachine.org/challenges/26/
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Preparation •	 Watch the Build a Glider inspiration video and read the 
guide on Curiosity Machine to familiarize yourself with 
the design challenge students will complete.

•	 Create a testing area in your classroom. This should 
include space to measure the distance of flight (at least 
15').

•	 Arrange student desks in a group formation to encour-
age collaboration.

Materials
Paper
Scissors
Tape
Rulers
Paperclips

Pre-Challenge 
Discussion

Explain Ask students:
•	 “When is the last time you solved a problem?”
•	 “How did you identify the problem that needed to be solved?”
•	 “Was it difficult? What limitations made it so hard to solve?”
•	 “How many times did you have to try before succeeding?”

We solve problems, or create design solutions, every day. We can identify these 
problems by noticing an inefficiency. Reference a student example. In trying to solve 
the problem, we will discover constraints to viable solutions. Design constraints 
are limitations on the type of design solution we can develop. These can include 
materials, time, available technology, or other limitations. Reference a student 
example.
Challenge Introduction Today we’re each going to build a paper glider that can fly 
at least 6 feet. I’ve set out the materials you can use, and areas for building and 
testing. Before we begin, we should look for some inspiration to better to under-
stand our design problem and constraints. Show the inspiration video.

Procedure 1.	 Students work in groups to further define their Build a  Glider design problem 
and constraints. They should record their notes on the Build a Glider work-
sheet.
•	 Students who need additional guidance should reference the Build a Glider 

Guide on Curiosity Machine.
2.	 Students individually draw their glider design plan on their worksheet, and 

upload to Curiosity Machine.
3.	 Students individually build their first glider model.
4.	 Students individually test their glider, record how far it travelled, and record 

what they want to improve and change on their worksheet (Test 1).
5.	 Students iterate and re-test their design solutions, noting their results and 

subsequent changes on their worksheet (Test 2).
6.	 Students reflect on their final model on their worksheet (Test 3). This reflection 

can serve as informal assessment of learning for the day.
7.	 Students upload their designs to Curiosity Machine. Make sure they clearly 

explain their redesign process and changes made to their designs. 
•	 To receive the best quality feedback, students should upload video and 

pictures of their working designs and problems encountered, as well as 
type thorough explanations of their unique design solutions and results.

Build a Glider https://www.curiositymachine.org/challenges/26/

https://www.curiositymachine.org/challenges/26/AudraTor/plan/
https://www.curiositymachine.org/challenges/26/
https://www.curiositymachine.org/challenges/26/
https://www.curiositymachine.org/challenges/26/
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2. Design a Powerful Bird Wing

NGSS Alignment
MS-ETS1-2	
•	 Evaluate competing design solutions based on jointly developed and agreed upon design 

criteria.
•	 There are systematic processes for evaluating solutions with respect to how well they meet 

the criteria and constraints of a problem.
MS-ETS1-3
•	 Analyze and interpret data to determine similarities and differences in findings.

Students 
Learn

•	 To build a design solution based upon jointly developed and agreed upon 
design criteria.

•	 To analyze and interpret data gathered from testing competing design solu-
tions.

•	 To evaluate differing solutions based on how well they meet the design crite-
ria and constraints.

Students Do •	 Participate in class discussion to jointly develop design solution criteria.
•	 Participate in a class discussion to jointly develop evaluation criteria for de-

sign solutions.
•	 Collaborate to develop a process for gathering data that will help them 

evaluate competing design solutions.
•	 Judge three competing design solutions based on the evaluation criteria.
•	 Pick one design solution that best meets the criteria and constraints of the 

problem, justifying their choice with evidence from their evaluation.

Time 60-90 minutes

Resources Flight Workbook
Student online access to Curiosity Machine Design a Powerful Bird Wing design 
challenge

Design a Powerful Bird Wing https://www.curiositymachine.org/challenges/22/

https://s3.amazonaws.com/curiositymachine/units/resources/Hive+DML_Flight-Workbook.pdf
https://www.curiositymachine.org/challenges/22/
https://www.curiositymachine.org/challenges/22/
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Preparation •	 Watch the Design a Powerful Bird Wing inspiration 
video and read the guide on Curiosity Machine to fa-
miliarize yourself with the design challenge students 
will complete.

•	 Create a testing area where students have space to 
test their bird wing designs on spinning office chairs.

•	 Arrange desks in a group to encourage collaboration.
•	 Place a ball or other object in a visible but hard to 

reach place (see Teacher Discussion below).

Materials
Spinning office 
chair(s)
Yardsticks
Tape
Plastic bags
Paperclips
Cardboard
Scissors

Pre-Challenge 
Discussion

Explain Does everyone see the ball that I put on top of the bookshelf? What if 
I asked one of you to get it down? What constraints are there to the way you 
might get the ball down? Allow class to list constraints, such as available materials, 
safety, etc. With these constraints, can anyone think of a plan for a solution? Al-
low students to suggest solutions. Now, let’s compare these solutions and choose 
which ones we’ll try, based on how well they fit within our constraints. Discuss as 
a class what proposed solutions are most viable, and try them.
Challenge Introduction Today we’re going to design a powerful bird wing that 
can spin us when we sit in an office chair and flap it. I’ve set out the materials 
you can use, and areas for building and testing. Before we begin, we should 
look for some inspiration to better to understand our design problem and con-
straints. Show the inspiration video.

Procedure 1.	 Students brainstorm design criteria in groups and take notes in the Design 
Criteria Brainstorm section of their worksheet.

2.	 Teacher leads a discussion to agree on design criteria as a class and deter-
mine methods of evaluating designs based on criteria. Students record these 
in the Design Criteria and Evaluate sections of the worksheet.

3.	 Students plan and build their Powerful Bird Wings. Remind students to take 
pictures and video to share with their Curiosity Machine mentors.

4.	 Class watches design tests together. Students individually choose three 
classmate designs and collect data for these in the Design Test Data Record-
ing.

5.	 Individually, students complete Analysis section of their worksheets to deter-
mine differences and similarities between evaluated designs and how these 
relate to collected data.

6.	 Students upload their plans and designs to Curiosity Machine for feedback 
from mentoring scientists and engineers. 
•	 To receive the best quality feedback, students should upload video and 

pictures of their working designs or problems encountered, as well as 
type thorough explanations of their unique design solutions and results.

Design a Powerful Bird Wing https://www.curiositymachine.org/challenges/22/

https://www.curiositymachine.org/challenges/22/
https://www.curiositymachine.org/challenges/22/
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3. Control a Bird’s Flight

NGSS Alignment
MS-ETS1-3
•	 Although one design may not perform the best across all tests, identifying the characteris-

tics of the design that performed the best in each test can provide useful information for 
the redesign process – that is, some of those characteristics may be incorporated onto the 
new design.

•	 Sometimes parts of different solutions can be combined to create a solution that is better 
than any of its predecessors.

Students 
Learn

•	 To build a design solution based on specific criteria and restraints.
•	 To test design efficacy for multiple criteria.
•	 To combine ideas from multiple sources to create an innovative solution that 

is better than any of its predecessors.

Students Do •	 Continue developing their hands-on experience by creating a bird model 
that flies in response to their inputs.

•	 Engage in testing solutions as a class and synthesizing competing design ele-
ments to evaluate for the best ideas.

•	 Create a final group design based on their learnings from the design solution 
tests, this final group design will include elements from any of the design 
solutions they think will work best.

Time 60-90 minutes

Resources •	 Flight Workbook
•	 Student online access to Curiosity Machine Control a Bird’s Flight design chal-

lenge

Control a Bird’s Flight https://www.curiositymachine.org/challenges/64/

https://s3.amazonaws.com/curiositymachine/units/resources/Hive+DML_Flight-Workbook.pdf
https://www.curiositymachine.org/challenges/64/
https://www.curiositymachine.org/challenges/64/
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Preparation •	 Watch the Control a Bird’s Flight inspiration video 
and read the guide on Curiosity Machine to familiar-
ize yourself with the design challenge students will 
complete.

•	 Find a testing area where students have space to run 
at least 30 feet to test their designs. This will likely be 
a gymnasium, cafeteria, hallway, or outdoors.

•	 Arrange student desks in a group formation to en-
courage collaboration.

Materials
Saran wrap
Scissors
Straws
Plastic bags
Cardboard
Tape
Bamboo skewers
String
Modeling clay
Optional Box fan

Pre Challenge 
Discussion

Explain Last class, we designed solutions to a design problem based on a prob-
lem and constraints. Did anyone use ideas in their design that they saw some-
one else doing first? Allow time for students to raise their hands. They may be shy 
about this, it’s sometimes called “copying”. When looking for the best solution to a 
problem, engineers will often combine ideas and inspiration from many places – 
nature, gadgets, and even each others’ work! 
Challenge Introduction 
I’m going to show an inspiration video for today’s challenge, to make a model 
bird and control its flight with attached strings. I want you to look for ideas to 
solve this problem while you watch the video – nature and scientific research 
are often great places to look for design solution inspiration. Show the inspiration 
video.

Procedure 1.	 Students plan and build their design solutions individually or in groups.
2.	 Class tests designs together. Students take notes in the Test Observation 

section of their worksheets on design elements they think worked well from 
others’ solutions.

3.	 Students work in groups to create a final design. They should combine ele-
ments from the previous designs to make a solution better than they origi-
nally created.

4.	 Students upload their plans and designs to Curiosity Machine for feedback 
from mentoring scientists and engineers.
•	 To receive the best quality feedback, students should upload video and 

pictures of their working designs or problems encountered, as well as 
type thorough explanations of their unique design solutions and results.

Control a Bird’s Flight https://www.curiositymachine.org/challenges/64/

https://www.curiositymachine.org/challenges/64/
https://www.curiositymachine.org/challenges/64/
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4. Build a Stomp Rocket

NGSS Alignment
MS-ETS1-3
•	 Analyze and interpret data to determine similarities and differences in findings.
MS-ETS1-4
•	 Models of all kinds are important for testing solutions.
•	 Develop a model and generate data to test ideas about designed systems, including those 

representing inputs and outputs.

Students 
Learn

•	 To build a design solution based on specific criteria and restraints.
•	 To test various inputs and outputs to generate data.
•	 To analyze and interpret data generated by testing.
•	 To collaborate while building a project.

Students Do •	 Continue engaging in hands-on design of models that fly based on a deter-
mined set of design criteria and constraints.

•	 Develop a stomp rocket model that will allow them to gather data related to 
diverse inputs and outputs.

•	 Refine their models into better solutions after a round of testing.
•	 Analyze and interpret data from stomp rocket tests to better understand 

their findings.

Time 60-90 minutes

Resources Flight Workbook
Student online access to Curiosity Machine Build a Stomp Rocket design chal-
lenge

Build a Stomp Rocket https://www.curiositymachine.org/challenges/6/

https://s3.amazonaws.com/curiositymachine/units/resources/Hive+DML_Flight-Workbook.pdf
https://www.curiositymachine.org/challenges/6/
https://www.curiositymachine.org/challenges/6/
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Preparation •	 Watch the Build a Stomp Rocket inspiration video 
and read the guide on Curiosity Machine to familiar-
ize yourself with the design challenge students will 
complete.
•	 To test the relationship between input and output, 

student groups will test different size bottles in 
their designs and measure the distance their rock-
ets fly as a result.

•	 Find a testing area where students have space to test 
their designs. This may be outdoors as the stomp 
rockets can fly over 20 feet.
•	 Mark the ground with masking tape or stakes at 

regular intervals to measure the horizontal dis-
tance the rockets fly.

•	 Arrange student desks in a group formation to en-
courage collaboration.

Materials
1" dia. 45° PVC joint
1" dia. PVC 

two ~1' lengths per 
design

Plastic bottles
varying sizes

Duct tape
Paper
Masking tape
Scissors

Pre-Challenge 
Discussion

Explain Show the inspiration video. This video shows one solution to the challenge 
of lifting an object high above Earth’s surface. However, there are many ways to 
achieve this. For example, we already know that birds use their wings to propel 
themselves upward and generate lift. And engineers develop rockets to propel 
space shuttles upward and into outer space. But how can we determine a rela-
tionship between the an input, or how and where energy enters a device, and 
its output, or how and where energy leaves? Students should offer answers to this 
question, but if not: By testing!
Challenge Introduction Today, we’re going to work in groups to design stomp 
rockets propelled by air pressure. As part of this challenge, we’re going to test 
different amounts of input energy and how they affect output, or the distance 
your rockets travel.

Procedure 1.	 Groups plan and build their design.
2.	 Explain the testing procedure. Students will test at minimum both a small 

water bottle and a liter bottle as part of their design to test how the different 
inputs (various bottle sizes) impact the output (distance rocket travels). Stu-
dents should complete the Evaluation Method section of their worksheets.

3.	 Groups test their designs,completing the Design Test and Analysis sections 
of their worksheets.

4.	 Students upload their plans and designs to the Curiosity Machine for feed-
back from mentoring scientists and engineers.
•	 To receive the best quality feedback, students should upload video and 

pictures of their working designs or problems encountered, as well as 
type thorough explanations of their unique design solutions and results.

Build a Stomp Rocket https://www.curiositymachine.org/challenges/6/

https://www.curiositymachine.org/challenges/6/
http://www.sprinklerwarehouse.com/45-Degree-PVC-Elbows-s/206.htm
https://www.curiositymachine.org/challenges/6/
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5. Engineer a Balloon Helicopter

NGSS Alignment
MS-ETS1-1
•	 All human activity draws on natural resources and has both short and long-term conse-

quences, positive as well as negative, for the health of people and the natural environment.
•	 The uses of technologies and limitations on their use are driven by individual or societal 

needs, desires, and values; by the findings of scientific research; and by the differences in 
such factors as climate, natural resources, and economic conditions.

Students Learn •	 To create a final hands-on design solution that focuses on flight
•	 To identify a societal need (global internet access) and constraints to viable 

design solutions

Students Do •	 Think critically about how specific human activity impacts the environment
•	 Think through some of the limitations that occur when trying to fix the soci-

etal need of access to internet.
•	 Build a design model that mimics the current technology they will learn 

about and reflect on limitations of this technology.

Time 60-90 minutes

Resources Flight Workbook
Student online access to Curiosity Machine Engineer a Balloon Helicopter 
design challenge

Engineer a Balloon Helicopter https://www.curiositymachine.org/challenges/45/

https://s3.amazonaws.com/curiositymachine/units/resources/Hive+DML_Flight-Workbook.pdf
https://www.curiositymachine.org/challenges/45/
https://www.curiositymachine.org/challenges/45/
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Preparation •	 Watch the Engineer a Balloon Helicopter inspiration 
video and read the guide on Curiosity Machine to fa-
miliarize yourself with the design challenge students 
will complete.

•	 Based on materials and space, decide whether stu-
dents will work individually or in groups to plan and 
build their design solutions.

•	 Find a testing area where students have space to 
operate their designs. Some designs may not return 
to the ground.

•	 Arrange student desks in a group formation to en-
courage collaboration.

Materials
Helium balloons 

2 per design
Straws
Rubber bands
Scissors
Tape
Bamboo skewers
Paper plates

Pre-Challenge 
Discussion

Explain All human activity impacts the natural environment. Materials and 
energy we use draw on natural resources, and our activities often create waste. 
However, our actions can also be beneficial. Think about what we’re doing now 
– coming together to learn. How are we impacting other people and environ-
ment? Students begin suggesting answers, such as impacts of energy & material 
consumption, future human benefit from developing ideas and prototypes, etc.
Challenge Introduction
Today, our challenge is to build a propeller-powered balloon helicopter that can 
fly at least 3 feet off the ground. To understand how this design can be used to 
benefit humans, we’ll learn about a project being done by Google Loon. Show 
the inspiration video.

Procedure 1.	 In groups, students discuss the constraints and impacts that influence the 
Google Loon project. Students complete the Group Brainstorm section on 
their worksheets.
•	 Students who need additional guidance should refer to the Engineer a 

Propeller-Powered Balloon Helicopter Guide on Curiosity Machine.
2.	 Students plan their design solutions.
3.	 Students build, test, and redesign as time allows.
4.	 Students complete the My Design Impacts section of their worksheets
5.	 Students upload their model onto Curiosity Machine, including pictures and 

writings from the My Design Impacts section.
•	 To receive the best quality feedback, students should upload video and 

pictures of their working designs or problems encountered, as well as 
type thorough explanations of their unique design solutions and results.

Engineer a Balloon Helicopter https://www.curiositymachine.org/challenges/45/

https://www.curiositymachine.org/challenges/45/
https://www.curiositymachine.org/challenges/45/
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How Students Use 
Curiosity Machine
Parents Create Student Account
Consent forms must be completed for children under 13 to use Curiosity Machine. Completed consent forms 
need to be received by curiosity@iridescentlearning.org before accounts can be activated.
Step 1:
At least 1 week before your plan to use Curiosity Machine in class, send children home with Consent 
Forms. 
Step 2:
Parents create accounts for their children following instructions on the Parent Letter.

Step 3:
Parents complete Consent Forms and return to teacher. Teacher collects forms and sends to Iridescent. 

By email: curiosity@iridescentlearning.org
By mail: Iridescent, 532 W. 22nd Street, Los Angeles, CA 90007

Students Begin a Design Challenge
Step 1:
Students log in with their unique usernames and passwords.
Step 2:
At the upper left of the Curiosity Machine window, students click
Step 2:
Students click “Challenges” on the menu that appears. The Challenges page appears. Students select a 
category and choose a challenge to begin.
Step 3:
Watch the Inspiration video. Students can also take a look at the guide  for help!

Students Upload a Design to Add it to Their Design Portfolio
Step 1:
After watching the Inspiration video, students click
Step 2:
Students edit the materials list by clicking
Step 3:
Students click the green video, camera, and pencil icons to upload video and pictures and describe their 
plans.
Step 4:
When done, students click
Step 5:
Students click the green video, camera, and pencil icons to upload video and pictures of designs created. 
Students describe what worked and what didn’t, and any trouble they are having.

Start Building

Edit Materials

Ready to Build

https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
mailto:curiosity@iridescentlearning.org
https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
mailto:curiosity@iridescentlearning.org
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Students Talk to their Mentors
After uploading a design to their portfolio, students will get feedback from a mentor with 2 days. Encourage 
students to check for feedback from home and add their redesigned projects to their Curiosity Machine design 
portfolio!
Step 1:
To check for a message from their mentor, students log in to Curiosity Machine. From their Design Port-
folio, they’ll click on a design that has an icon like this:     Students respond to their mentor with rede-
signed solutions and questions.

1
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Frequently Asked Questions

What is the benefit of using these units?
•	 Teach the engineering design process with engaging project-based curriculum, giving students the op-

portunity to develop a design portfolio and mentorship. 

What are the resources for each unit?
•	 Each unit is supported by:

•	 5 lesson plans (60-90 minutes per lesson).
•	 Student Workbook with worksheets for each lesson.
•	 An explanation of NGSS standards alignment for each lesson.
•	 Individual mentorship for students through Curiosity Machine.
•	 Individual student design portfolios on Curiosity Machine.
•	 Educator Portal that allows you to track student design progress and mentorship.
•	 Inquire about an online training for you to learn more to curiosity@iridescentlearning.org.

Who are Curiosity Machine mentors, and what is their value to students?
•	 Curiosity Machine mentors are scientists and engineers from partner organizations including universi-

ties, research labs, and corporations. They have been trained by Curiosity Machine staff to best en-
courage children to be curious, creative, and persistent learners.

•	 Mentors deepen students’ understanding of science and engineering concepts and are diverse role 
models, sharing experiences and facilitating exploration of science and engineering careers.
•	 To ensure the safety of children using Curiosity Machine, all mentor – child interactions are re-

viewed by Curiosity Machine staff before being available to view. 

Why Should I Use Curiosity Machine in my classroom?
•	 Students create a design portfolio of their work to share with mentors and peers.
•	 Students receive feedback from mentoring scientists and engineers in a safe, monitored environment. 

How do Students Create Accounts on Curiosity Machine?
•	 Parents should create accounts for their children before you begin teaching these lessons. See more 

information in How Students Use Curiosity Machine.
•	 For students under 13 years old, a Consent Form must be completed by a parent or legal guardian 

and received by curiosity@iridescentlearning.org before the account can be activated. 

How do I use Curiosity Machine in my classroom?
•	 Visit the Engineering Design Units page to learn how to create and use a Curiosity Machine educator 

account and learn how students will use Curiosity Machine.
•	 Before students under 13 years old can use Curiosity Machine, their parents must sign the  Parent 

Consent Form and create an account for their child. Consent forms must be sent to curiosity@
iridescentlearning.org.

How can I learn more about using Curiosity Machine?
•	 Inquire about an online training to curiosity@iridescentlearning.org.
•	 Create your own student account and try a design challenge!

mailto:curiosity@iridescentlearning.org
https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
mailto:curiosity@iridescentlearning.org
https://www.curiositymachine.org/units/
https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
https://s3.amazonaws.com/curiositymachine/units/resources/Hive_DML-CM_Parent_Consent-Jan_2015.pdf
mailto:curiosity@iridescentlearning.org
mailto:curiosity@iridescentlearning.org
mailto:curiosity@iridescentlearning.org

