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The 4-H Youth 
Development Program 
promotes learning by 
doing and focuses on 
developing skills for a 
lifetime. This project is 
designed to teach youth 
about the wind and its 
uses while introducing 
them to engineering 
and engaging them in 
doing and reflecting 
on the activities. See 
Experiential Learning 
Model on page 5.
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What is 4-H SET?
What Are the Curriculum Components?
4-H SET is 4-H’s response to the needs of youth to develop curiosity, abilities, and deepened 
learning in the areas of science, engineering, and technology (SET). Steeped in over 100 years of 
experience in working with youth in a variety of non-formal science education settings, 4-H plays 
a leading role in engaging youth to explore SET with trained and caring adults in a positive youth 
development environment. 4-H works from a common framework, including National Science 
Education Standards, to increase literacy and improve abilities in science, engineering, and 
technology. 4-H SET is preparing today’s youth and America’s future workforce.

An Effective 4-H SET Experience Engages Youth Through:

Content
• Science, Engineering, and Technology content based on the National Science Education Standards 

• SET Abilities

Context
• The Essential Elements of Positive Youth Development, fundamental to 4-H: 

  o mastering life challenges 

  o cultivating independence with guidance from caring adults

  o developing a sense of belonging within a positive group

  o sharing a spirit of generosity toward others

• Reliance on trained, caring adult staff and volunteers acting as mentors, coaches, facilitators, and co-learners 

• Perspective that youth are partners and resources in their own development

• Inquiry-based, hands-on, experiential approach to learning that fosters the natural creativity and curiosity of youth

Delivery
4-H SET engages 6.5 million youth each year through a variety of settings, including clubs, camps, special interest groups, 
online, in- and out-of-school programs.

For additional information regarding SET Concepts, standards and abilities, please refer to: SET Programming in the Context
of 4-H Youth Development located at: www.4-H.org

Important components of The Power of the Wind curriculum include: engineering 
design process, goals, unifying concepts, SET Abilities, experiential activities, engineering design 
notebook, questioning, scientific terms, careers, and online component.

Engineering Design Process
Throughout this project book youth are guided to use the 
engineering design process to find solutions to problems related 
to wind power. Youth work on teams to analyze problems and 
find solutions that balance options and constraints. They test 
what they’ve made to see how it works, then make adjustments 

and test further, as necessary. Although designed for groups, 
this project could be adapted for individual project work with an 
adult. Throughout the design process, adult facilitators cultivate 
independence and mastery by guiding and asking questions in a 
caring environment. The challenges are designed to assist youth 
to learn by doing and apply findings to local community needs. 
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Goals
As youth construct wind powered devices, they:
• learn about the wind and how its energy is used to do work 

and produce electricity 
• become aware that all energy comes originally from the sun 

and that it can be transformed in many ways
• learn how geography affects available wind power capacity
• explore wind power projects in various parts of the United 

States 
• consider the factors necessary for a successful wind power 

project
• share what they’ve learned with leaders in their communities
• are introduced to scientific habits of mind and scientific ways of 

knowing

Unifying Concepts
The unifying concepts of this curriculum align with National Science 
Education Standards:
Science as Inquiry
 · Abilities necessary to do scientific inquiry
 · Understandings about scientific inquiry
Physical Science
 · Motion and forces
 · Transfer of energy
Earth and Space Science
 · Earth in the solar system
Science and Technology
 · Abilities of technological design
Science in Personal and Social Perspectives
 · Science and technology in society
History and Nature of Science
 · Nature of science

Activities
There are three different types of activities in the Wind Power 
youth guide. Although designed specifically for groups, they 
can be used as individual project activities with support from 
a facilitator/leader. The Challenge activities require youth 
to use and practice engineering and design skills to produce a 
wind powered machine or vehicle, test the device, and adjust the 
device as necessary. Almost all the devices the youth construct will 
differ but many will be successful. These activities require youth 
to use many SET abilities including build/construct, compare/
contrast, and design solutions.
In the Investigation activities youth are often required to build 
a wind powered device but everyone builds the same device in 
order to observe an important concept in a consistent way. These 
activities require youth to use a different group of SET abilities 

including observing, measuring, recording, and use of tools.
Third are the Exploration activities. Here, youth examine 
important national, state, and local issues surrounding wind power 
and the scientific concepts behind those issues. These activities 
require youth to practice SET abilities that include researching a 
problem, categorizing/ordering/classifying and interpreting/
analyzing/reasoning.

Engineering Design Notebook
Youth use the engineering design notebook as an integral part 
of the curriculum. It can be used as a place to design prototypes, 
document observations and thoughts, sketch components of 
designs, answer questions and write more questions. Entries in the 
notebook can help youth think, process, direct their inquiry, and 
can be used as an assessment tool. Encourage youth to log in the 
date and time with each notebook entry, as engineers do.

Questioning
The discussion questions ask youth to analyze their data and 
synthesize the main idea while encouraging them to learn 
from each other. Facilitators provide support through effective 
communication, including open-ended questioning. They remind 
youth that it is the design that is important and redirect them as 
needed, encouraging them to question themselves and each other, 
reflect on the questions, and use their ideas to try a new strategy 
or re-test an idea.

Scientific Terms
Different systems of measurement are used for different purposes. 
Scientists usually use the metric system. (NSES). Scientific 
terms are introduced within the context of the activities and the 
first instance of these words can be found in bold. Using the 
glossary, you can provide youth with a better understanding 
of word meanings as they apply to a specific activity while 
youth are engaged. Become familiar with the words and 
their relevance to a particular activity. Restate the definition 
or reframe it as needed to give additional exposure to the 
terminology.

Careers
Throughout the curriculum, youth are encouraged to make 
connections to careers related to science, engineering and 
technology.

The Power of the Wind online component
www.4-H.org/curriculum/wind
Online resources support, extend, and enrich the learning 
experience for youth and facilitators.
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How Can We Think Like an Engineer?

Overview
This Engineering Design activity introduces the 

design process and gives youth an opportunity to 
“think like an engineer.” These first examples involve 
thinking about design issues related to familiar 
situations in daily life. Throughout the project book 
youth are reminded to use the design process as 
they construct wind powered devices.

Getting Ready
• Read the activity in the youth guide.

• Prepare for a discussion that will generate a 
large number of ideas.

Facilitating the Activity
Introduce the youth to the engineering design 

process and to Sue Larson, of the College of 
Engineering at the University of Illinois at Urbana-
Champaign. Point out that her remarks about 
engineering and design are found throughout the 
project guide. 

Introduce the air infiltration problem and ask 
the youth for solutions. Give them a few minutes 
to brainstorm and make note of a few ideas. Ask 
individuals to share their possible solutions to this 
problem with the group. Keep a list of ideas as 
they are proposed and post them where everyone 
can see. The first goal is to generate a large 
number of ideas without judging them.

Next, return to the list and add possible 
advantages and disadvantages to the proposed 
solutions.

After the group has discussed a variety of 
solutions to the air infiltration problem, direct the 
youth to their engineering notebooks. Remind 
them that this notebook is for thoughts and ideas, 
sketches and photos. Take a few minutes for each 
young person to make some notes about possible 
solutions to the air infiltration problem in their 
engineering notebooks.

Notes
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The Engineering
Behind the Activity

Engineers use science, math, and problem 
solving skills to solve people’s practical problems. 
There could be many good design solutions to a 
problem. Engineers try a lot of possible solutions 
before choosing one.

Introduce the idea that anything an engineer 
designs will be the result of choices and trade-offs. 
They are always balancing criteria and constraints. 
Engineering design involves learning from what 
went wrong, fixing it, and trying again. Engineers 
are good players; they understand how to solve 
problems and communicate solutions. Engineers 
think it’s best to learn-by-doing.

What is the Experiential
Learning Model?

The Experiential Learning Model of Instruction 
provides learners an opportunity to become familiar 
with the content (Experience), explore a deeper 
meaning of the content (Share and Process), connect 
the learning to other examples or opportunities 
(Generalize), and apply it in real world situations. 

The facilitator will guide youth through this 
process by helping them to focus on the activities, 
provide support and feedback for the learning, and 
debrief with them about their learning experience: 
what went well, what they could have done 
differently, what they could do next. This debriefing 
process fits hand-in-glove with the engineering 
design process used throughout the curriculum.

Notes
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CHALLENGE

How Can We Design a Wind 
Powered Boat?

 Wind Power Skill: Designing and engineering a sailboat

 SET Abilities: Observe, record, build/construct, compare/
  contrast, design solutions, evaluate, interpret/
  analyze/reason, measure, redesign,
  troubleshoot

 Education Standards: NSES: Science as Inquiry; Transfer of Energy;
  Motion and Forces

 Life Skills: Critical thinking, Problem solving, Teamwork

 Success Indicator: Designs and engineers a sailboat that travels
  forward, straight, and at least 75 cm;
  describes how the wind moves the boat

Overview
This Challenge is a design problem. In this 

activity, youth build their own sailboat and test it to 
see how far and straight it goes when they use a fan 
as a source of wind. Youth should be encouraged to 
test, adjust their designs, and test again.

Getting Ready
• Read the activity in the youth guide and gather 

the necessary materials.
• Provide table top or floor space for groups to 

design and test their boats.
• Remind youth that they will use their 

engineering notebook for planning and 
recording this activity. Youth may want cameras 
to take pictures of their designs.

Facilitating the Activity
Explain to the youth that their challenge is to 

design a sailboat that will travel in a straight line 
a minimum of 75 cm on a smooth surface. Talk to 
the youth about the engineering design process.  
Engineers make a plan, build a prototype (first 
attempt), test it, make adjustments, test it again, 
and continue to adjust and test again. Make sure 
the youth have plenty of time to work and discuss 
their designs.

As a facilitator, you may impose limitations on 
materials or add a time constraint. You may allow 
only paper sails or you may want to suggest 
trying cloth sails.

When youth have had enough time to perfect 
their designs, conduct a group test so everyone 
can see and discuss all the sailboats.

You may want to use a stopwatch and conduct 
a timed test.
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The Science
Behind the Activity

Energy and its forms is an idea that is 
developed throughout this booklet. In this activity, 
youth should begin to understand that wind 
energy is transformed into energy of motion—
called kinetic energy by scientists—as the sailboat 
travels. Youth should see that wind pushes the 
sail, causing the boat to move, and larger sails 
catch more wind. Youth might want to discuss the 
problem of friction—the force between the table 
and the parts of the boat that touch the table that 
works against the forward motion of the boat.

Trade-offs are a very important part of the 
Engineering Design Process that need to be 
considered when comparing different possible 
designs, and again when a prototype is being 
designed. For example, increasing performance 
often results in higher costs. Or an increase in 
the speed of a boat often results in a decrease in 
stability. An excellent example later in this unit is 
that higher speed of a rotor means lower torque. 
It is a prominent part of the choices that youth 
make in deciding between different wind turbine 
rotor designs in the next activities.

Going Further
Speed of travel on the sea or in the air is 

measured in knots (1 knot ≈ 1.15 mph). One knot 
or one nautical mile per hour is faster than one 
mile per hour.  

The nautical mile is based on the circumference 
of the earth at the equator (or any great circle).  
There are 360 degrees of latitude in the whole 
circumference of the earth. Each of those degrees 
is sub-divided into 60 minutes. One nautical mile 
is one minute of latitude at the equator. So a 
ship or airplane traveling at one knot covers one 
minute of one degree of latitude in one hour.  The 
distance around the earth at the equator is 360 x 
60, or 21,600 nautical miles.

The world water speed record is just over 275 
knots. How long would it take a ship traveling at 
275 knots to go around the world at the equator?  
Actually, the record was set in 1980 on a one 
kilometer straight-away, so do you think a boat 
could keep going at this speed for very long?

Styrofoam trays
Pencils (optional)

Straws
Cardboard
String (optional)

Paper cups
(optional)

Paper clips
(optional)

Tape

Straight pins
Scissors
Pennies
(optional)

Tape measure
Box fan with
low setting
Stopwatch
with second hand
(optional)

Materials Needed Historical 
Perspective
Sailboats were early users of wind 

power. The activities in this book 

parallel the historical development 

of wind powered machines. Take 

time to have youth examine the 

timelines throughout.

Encourage Group Thinking
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Overview
These pages offer youth an opportunity to reflect 

on the engineering design process that they used in 
the previous activity and will continue to use.

Getting Ready
Review the Engineering Design Process and 

the chart that compares scientific inquiry and 
engineering design found on page 9.

Facilitating the Activity
Step 1: What is the challenge or problem to 
solve? In the previous activity, the challenge was 
to design and build a sail boat that will travel in a 
straight line for a minimum of 75 cm on a smooth 
surface. Throughout The Power of the Wind 
curriculum, there are several design challenge 
activities for youth to solve. 

Step 2: How have others solved this? What is 
the current state of the issue? Encourage youth to 
look for ideas from others who have solved this 
challenge or similar challenges. There are many 
resources such as the internet, books, or the photos 
in the curriculum that can be used as springboards 
to innovative thinking and new ideas.

Step 3: What are the design constraints? In the 
previous activity, the constraints were distance and 
limited materials (youth had to use a styrofoam 
tray, for instance). What solutions did they 
brainstorm, given their constraints? Did they try 
different shapes, sizes, or placement of the sails? 
The activities throughout the curriculum provide 
possible designs and suggestions, but youth 
brainstorm many others. Encourage them to draw 
on principles of mathematics and science.

Step 4: After considering multiple options youth 
narrow the choices based on what they think will 
work best.

Step 5: Build a prototype. The prototype is a first 
attempt at constructing a workable solution. This 
solution can can be in two or three dimensions.

Step 6: How does it work? Does it meet the 
original design constraints? Try it and test again.
Youth assess their prototype by trying it. They 
evaluate what is working and what is not working 
and think about how to fix it. They make changes 
in the prototypes and then test again.

Learn More About Engineering Design

Step 7: How did you learn from the designs of others? Arrange for a whole 
group trial test so everyone can see all the prototypes and how they perform.

Step 8: How can you use your new ideas to improve your design? The large 
group trial allows each person to benefit from the ideas of others and have 
opportunity to see a variety of prototypes and use the information to re-design 
their original solution. Encourage team work. A successful group trial will 
result in several solutions for the same problem. Discuss impacts and tradeoffs 
of the solutions.
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• How are the processes of science and engineering similar?

• How are they different?

• How does the result of a scientific inquiry differ from the result of an 
engineering project?

• How many different kinds of engineers do you know about? Reseach careers 
in engineering and engineering technology.

Discussion Questions

The Scientific
Inquiry 
Process

Formulate a 
question.

Research how 
others have
addressed it.

Brainstorm 
hypotheses and
choose one.

Conduct an 
experiment to
test the 
hypotheses.

Modify 
hypothesis 
based
on experiment.

Draw 
conclusions;
write paper.

Communicate 
findings orally
and in writing.

Investigate new 
questions.

The 
Engineering
Design Process

Define a problem.

Research how 
others have
solved it.

Brainstorm 
solutions and
select one.

Create and test a 
prototype.

Redesign solution 
based on test 
results.

Finalize design; 
make drawings.

Communicate 
design in words 
and drawings.

Define new 
problems.

Sneider, Cary I., and Brenninkmeyer, Julie (2007). 
“Achieving Technological Literacy at the Secondary 
Level: A Case Study from Massachusetts,” Professional 
Development for Engineering and Technology.

Notice another variation of the 
Engineering Design Process as compared 
to the Scientific Inquiry Process. This can 
be used as a talking point throughout 
the curriculum.
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EXPLORATION

How Do We Observe and Measure the 
Wind (Part 1)?

 Wind Power Skill: Creating a tetraflexagon for gauging wind speed

 SET Abilities: Measure, use tools

 Education Standards: NSES: Science as Inquiry
  NCTM Geometry Standard: Use visualization
  and spatial reasoning

 Life Skill: Acquiring and evaluating information

 Success Indicator: Creates a tool for gauging wind speed

Overview
In this Exploration, youth create a tetraflexagon 

to use for gauging wind speed. This is a paper 
folding activity that introduces the Beaufort Wind 
Scale. Folding the tetraflexagon requires youth 
to illustrate the wind scale and read and follow a 
schematic diagram. The completed tetraflexagon 
is used in other activities.

Getting Ready
• Read the activity in the youth guide.
• Locate the flexagon template in Appendix D 

and E and make enough two-sided copies for 
each person.

• Tell the youth that they will be using their 
tetraflexagons in other activities.

Facilitating the Activity
Explain to youth that they will be creating a 

tetraflexagon to use for gauging wind speed. 
Accurate cutting and folding are essential for the 
tetraflexagon to work properly.

Scientists use tools all the time to extend their 
senses and collect additional data. Discuss 
with youth the idea of using tools to provide 
information that cannot be gathered using only 
our senses. What other tools do scientists use to 
extend their senses? Discuss with youth the other 
scientific tools they have used to collect, record, 
and analyze data.

The Science
Behind the Activity

Wind can be observed, you can hear and feel 
it, and you can see its effects. Wind speed can 
be estimated by observing its effects. Ask the 
youth who might need to be able to do this?
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Going Further
An anemometer is a device for measuring wind 

speed. A common type consists of four cups that 
turn in the wind. The revolutions per minute are 
counted and the wind speed is computed using 
the circumference of the circle of revolution.

There is a type of anemometer that looks 
like a protractor. There are electronic digital 
anemometers and there are other types of 
anemometers that use a heated wire technology. 
Where do you see anemometers?

Youth can do some research and get 
instructions for making an anemometer. 

 

Notes
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tetraflexagon template

Scissors

Colored pencils or crayons

Materials Needed


	08384 Cover
	08384 Part1
	08384 Part2
	08384 Part3
	08384 Part4



