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Lessons 1–3
Windmills at Work

Prepare
Lesson 1 begins with a discussion of students’ experiences with wind. Students look at paintings and 
photographs of windmills and share their observations of how windmills might work. In Lesson 2, 
students are introduced to the story of William Kamkwamba, a boy who built a windmill to harness 
the wind and help provide his community with electricity and water. To see the power of wind for 
themselves, students build their own windmills and observe the transfer of energy. In Lesson 3, students 
create an anchor model to record their initial understanding of how windmills work. They then develop 
a driving question board that will guide student learning throughout the module.

Student Learning

Knowledge Statement
Everything that happens in a system is caused by energy.

Objectives
 ▪ Lesson 1: Make observations to generate questions about how windmills harness the wind.

 ▪ Lesson 2: Create a model windmill that generates electricity.

 ▪ Lesson 3: Ask questions about energy.

Concept 1: Energy and Its 
Classifications
Focus Question

What is energy?

Phenomenon Question

How do windmills harness the wind?
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Texas Essential Knowledge and Skills Addressed
4.2A Plan and implement descriptive investigations, including asking well defined questions, 

making inferences, and selecting and using appropriate equipment or technology 
to answer his/her questions. (Addressed)

4.2D Analyze data and interpret patterns to construct reasonable explanations from data 
that can be observed and measured. (Addressed)

4.2F Communicate valid oral and written results supported by data. (Addressed)

4.3B Represent the natural world using models such as the water cycle and stream tables and 
identify their limitations, including accuracy and size. (Addressed)

4.3C Connect grade-level appropriate science concepts with the history of science, science 
careers, and contributions of scientists. (Addressed)

4.6A Differentiate among forms of energy, including mechanical, sound, electrical, light, and 
thermal. (Introduced)

4.6C Demonstrate that electricity travels in a closed path, creating an electrical 
circuit. (Introduced)

English Language Proficiency Standards Addressed
3C Speak using a variety of grammatical structures, sentence lengths, sentence types, and 

connecting words with increasing accuracy and ease as more English is acquired. 

3E Share information in cooperative learning interactions.

4C Develop basic sight vocabulary, derive meaning of environmental print, and comprehend 
English vocabulary and language structures used routinely in written classroom materials.
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Materials

Lesson 1 Lesson 2 Lesson 3

Student Science Logbook (Lesson 1 Activity Guide) ●

Pinwheel Investigation (per student): pencil, paper plate, pushpin, scissors ●

Science Logbook (Lesson 2 Activity Guide) ●

Materials from Snap Circuits® Green kit by Elenco® (per group): base grid, fan, motor, pivot stand base, 
pivot post, pivot top, black jumper wire, red jumper wire, red LED

●

Science Logbook (Module Question Log, Lesson 3 Activity Guide) ●

Windmill model drawn in Lesson 2 ●

Teacher Windmill Gears Photograph (Lesson 1 Resource A) ●

Windmill Grinding Photograph (Lesson 1 Resource B) ●

The Boy Who Harnessed the Wind  by William Kamkwamba and Bryan Mealer (2010) ●

Windmill Model Setup Instructions (Lesson 2 Resource) ●

Modern Wind Turbine Photograph (Lesson 3 Resource A) ●

Wind Farm Photograph (Lesson 3 Resource B) ●

Wind Farm Diagram (Lesson 3 Resource C) ●

Preparation Open Windmill, 1917  by Piet Mondrian: http://phdsci.link/1017. ●

Open Oostzijde Mill with Extended Blue, Yellow, and Purple Sky, 1907–08  by Piet Mondrian:  
http://phdsci.link/1018.

●

Cue “Windmill Gears” video (andy b 2008): http://phdsci.link/1019. ●

Open maps of Africa and Malawi: http://phdsci.link/1158. ●
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Lesson 1
Objective: Make observations to generate questions about how windmills harness the wind.

Launch  5 minutes 

 ►Why do people care about the wind? 

 ▪ It can knock you down. It made a tree fall on the power lines near my house. 

 ▪ Wind helps you feel cooler on a hot day. 

 ▪ We learned last year that the wind can do a lot of damage. 

 ►What was the most powerful wind you have ever experienced?

 ▪ I saw a tornado. It had strong winds that swirled. 

 ▪ I was in a hurricane and the wind was knocking over trees. 

 ▪ The wind knocked my trash can over once and made stuff fly all over the place. 

 ►What was the weakest wind you have ever experienced?

 ▪ Some days it feels like there is no wind at all. 

 ▪ A ceiling fan set on the lowest power blows just a little wind. 

Agenda
Launch (5 minutes)

Learn (35 minutes)

 ▪ Notice and Wonder about 
Windmills (15 minutes)

 ▪ Construct Miniature Windmills 
(20 minutes)

Land (5 minutes)

English Language Development
Understanding the term wind  is essential 
to this module. English learners may 
benefit from seeing photographs 
or videos that show the effects of wind.
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Inform students that, in this lesson, they will explore the Phenomenon Question How do windmills 
harness the wind? 

English Language Development
Harness  is a verb that is used repeatedly in this module. Take this opportunity to introduce the term 
explicitly, using a process such as this:
 ▪ Pronounce harness  and have students repeat. Say har -ness in syllables, and then repeat the full 

word.
 ▪ Share a student-friendly explanation. For example, “If you harness something, you bring it under 

your control and use it.”
 ▪ Discuss examples using harness  in different contexts. For example, “The farmer harnessed her 

horse to a cart,” or, “People built a dam to harness the power of the Colorado River.”

Note that harness  does not have word parts or Spanish cognates that will help students understand 
its meaning. In Spanish, the verb aprovechar  is used when speaking of using sources of natural 
energy.

English learners may benefit from explicit introduction of other words, such as windmill , in this lesson 
set. After introducing these and other important words, provide scaffolds for English learners as they 
use the words in speaking, writing, and investigating. For more information on language scaffolds, 
see the English Language Development section of the Implementation Guide.

Content Area Connection: English
Introduce the phenomenon of wind with 
a poem such as “Who Has Seen the 
Wind” by Christina Rossetti or “The Wind” 
by James Reeves. Present the poem 
as a riddle, replacing the word wind  with 
a blank space. Read and discuss the 
poem. Ask students to infer the poem’s 
topic and explain their reasoning with 
evidence from the text.

Draw attention to student responses about wind moving objects. Then, display the two Piet Mondrian 
paintings—Windmill, 1917  (left) (http://phdsci.link/1017) and Oostzijde Mill with Extended Blue, Yellow, 
and Purple Sky, 1907–08  (right) (http://phdsci.link/1018) —and ask students what type of structure 
is being depicted in these paintings.



Energy ▸ Lesson 1 PhD SCIENCE® TEKS EDITION

Copyright © Great Minds PBC16

Learn  35 minutes 

Notice and Wonder about Windmills  15 minutes  
Continue to display the two Piet Mondrian paintings. Tell students to use the notice and wonder chart 
in their Science Logbooks (Lesson 1 Activity Guide) to record what they notice and wonder as they look 
at the windmills.

Invite students to share their observations and questions.  While students listen to their peers, they 
can use nonverbal signals to indicate whether they recorded a similar thought. Write students’ 
observations and questions on a class notice and wonder chart as they share. 

Sample student responses: 

I Notice I Wonder 

 ▪ Windmills are really big. That one is taller  
than the trees. 

 ▪ They look like a house with a fan on top. 
 ▪ The windmill fans have holes in them. They 

also have some kind of stick that connects  
to the house. 

 ▪ The windmills in the paintings look  
very similar. 

 ▪ Both windmills look like they are near water.  

 ▪ What’s inside the house part of the windmill? 
 ▪ What do people use windmills for?  

How do they work? 
 ▪ How does the windmill spin if the fans have 

holes in them? 
 ▪ Are these paintings of the same windmill?  

Do all windmills look like this? 
 ▪ Why don’t these windmills look like the tall, 

skinny ones that I have seen before?  

Spotlight on Knowledge 
and Skills
By sharing their initial thoughts and 
questions, students improve their abilities 
to observe evidence, ask questions, 
and notice patterns about windmills, 
such as cause-and-effect relationships. 
These abilities lay the foundation for 
developing the windmill anchor model 
in Lesson 3.

Content Area Connection: English
During science discussions, remind 
students of classroom expectations for 
speaking and listening. For example, 
remind students to ask each other 
to clarify questions and link their ideas 
to others’ remarks (3C). See Speaking and 
Listening Supports in the Implementation 
Guide for resources to promote 
respectful, productive discourse.

Teacher Note
These activities are designed to elicit 
students’ prior understanding. Rather 
than correct students, listen to how they 
respond and make sense of what they 
see and hear.
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Refer to students’ questions about how windmills work. Tell students they will view photographs and 
a video from inside the body of a real windmill. 

Display the photographs shown below (Lesson 1 Resources A and B).

Teacher Note
Student responses during the notice and 
wonder activity will vary significantly 
across classrooms. The primary responses 
to look for in the wonder column are 
those that relate to how windmills work 
and what they do. These questions lead 
into the activities that follow. If students 
do not ask these questions, show one 
of the paintings again and ask questions 
to draw students’ attention to the body 
beneath the windmill blades.

Additionally, students who are 
familiar with windmills that generate 
electricity may mention them here. 
If so, these ideas may be leveraged 
in the Lesson 2 Launch to motivate the 
investigation of modern windmills.

 ►How do you think these windmills work? 

 ▪ I think the wooden wheel turns. 

 ▪ The different pieces might make each other spin, like gears. 

 ▪ It looks like the white wheel rolls over the dust. I wonder why? 

Play “Windmill Gears”  (andy b 2008), a video of a windmill’s millstones grinding (http://phdsci.link/1019). 
Ask students to share new ideas about how the windmill might work.

If students do not infer that the wind causes the mill’s internal movements, ask them to think about 
what the video shows.

 ►What causes the wheel inside to move?

 ▪ I think the wind spins the fan, and the fan turns the wheel. 

 ▪ The fan must connect to the wheels. Maybe that’s what the sticks in the paintings do. 

 ▪ When the windmill blades spin, the stone wheel rolls and crushes the powder. 

English Language Development
The following line of questioning involves 
using vocabulary such as windmills .  
English learners may benefit from 
additional scaffolding in the form 
of sentence frames. Consider using 
sentence frames like the ones below 
to scaffold this conversation.
 ▪ Windmills might work by _____.
 ▪ I think windmills work with _____.
 ▪ In the windmill picture, I see _____. 

That makes me think _____.

For more information about how 
to construct sentence frames, refer to the 
English Language Development section 
of the Implementation Guide (3C). 
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Explain that wind pushes the blades of the windmill, causing the blades to spin. The spinning blades 
turn the gears, causing the millstones to roll. The millstones grind coarse substances (e.g., wheat grain) 
into powder (e.g., flour).  

 ►How would a strong wind affect the windmill?

 ▪ The blades would spin really fast and the mill would grind faster. 

 ▪ You could make a lot of flour when the mill grinds faster. 

 ►How would a weak wind affect the windmill?

 ▪ It might not spin at all, so the mill would not grind. 

 ▪ It would spin really slowly, and the mill would grind slowly. 

Check for Understanding
As students respond, listen for them to make a connection between the strength of the wind and the 
activity of the windmill.

Evidence

Look for evidence that all students connect
 ▪ more wind with faster movement of the windmill blades and the millstones, and
 ▪ less wind with slower movement of the windmill blades and the millstones.

Next Steps

In the next activity, students construct a miniature windmill. Use the windmill to show students who 
had difficulty making the above connection how wind strength affects the movement of the windmill 
blades.

It is fine if students mention energy in their answers or discussions, but it may help to avoid discussion 
of the concept of energy until it is formally introduced. Later in the module, students study the 
relationship between speed and energy through an investigation. Energy is not specifically discussed 
until Lesson 3.

Construct Miniature Windmills  20 minutes 

Explain that people have used windmills throughout history to harness the wind to do work, such 
as grinding wheat into flour for bread.  Tell students they will construct their own miniature windmill 
to explore the power of wind. To begin, students design small windmills out of paper plates.

Teacher Note
Many students will only know of flour 
as something that is bought at a store. 
Explain the harvesting of wheat or grains 
in the field and the subsequent grinding 
for use as needed.

Differentiation
During this discussion, post a picture 
of a windmill and label the parts that 
students mention, such as the fan, 
blades, gears, and millstone. Students 
may benefit from repeating each new 
term aloud after it is introduced and 
labeled.

Spotlight on Knowledge 
and Skills 
Science impacts people’s lives in many 
ways each day. Throughout this 
module, students learn that energy 
is needed to make everything happen 
and that people can develop tools, 
such as windmills, to harness energy 
and transform it into a desired form 
to do work.
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Split the class into small groups and distribute the pinwheel investigation materials to each  
student.  Instruct students to use the materials however they wish to construct a working 
miniature windmill. Ask students to work independently on their windmills but share ideas with their 
groups as they work. Allow time for productive struggle, and encourage students to share designs that 
work and designs that do not. Continue to circulate to support students and refer to the windmill 
images as needed. 

Call the class together and debrief as a group.

 ►What happens when you blow on your windmill?

 ▪ When I blow hard, the windmill spins fast. 

 ▪ When I walk around holding my windmill, it spins a little. 

 ▪ If I only blow a little, sometimes it does not move at all. 

 ►What did you notice helped the windmill work better?

 ▪ The blades need to be curved to spin. 

 ▪ At first the pushpin hole is tight, but as I spin the windmill, it gets looser and my windmill spins better. 

Teacher Note
Save students’ pinwheels for use in the engineering challenge in Lessons 17–23.

Land  5 minutes 

After students finish discussing their designs, ask them to think again about the windmills in the paintings.

 ►How does your windmill compare to the windmills in the paintings?

 ▪ Our windmills spin just like the ones in the pictures. 

 ▪ Our windmills are much smaller and simpler. 

 ▪ Our windmills don’t have a house attached. 

 ▪ The other windmills can grind wheat. Ours just spin. 

English Language Development 
and Differentiation
When forming groups, consider the  
needs of each student to develop groups 
with a variety of abilities and interests. 
Also, consider the student’s English 
proficiency level. Grouping students 
with other speakers of their native 
language who are at different levels may 
be beneficial (3E).

Consider providing precut materials for 
the paper plate windmill for students 
who struggle with fine motor skills.

Teacher Note
These small windmills are typically 
called pinwheels. The key to creating 
a successful pinwheel is to have blades 
that bend enough to be pushed when 
students blow on them. Some students 
may need encouragement to bend the 
blades of their pinwheel more drastically 
to get the pinwheel to spin.

If some groups are finding success 
while others are struggling, it may help 
to have the class stop and allow students 
to share why they are stuck. Other 
students can share what modifications 
they made to create a pinwheel that 
spins (3E).
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Share that the miniature windmills are a great way to demonstrate how wind can move objects. Ask 
students to respond to the following question in their Science Logbooks (Lesson 1 Activity Guide). 

 ►What could you do if you harnessed the wind?

 ▪ Maybe I could harness wind to sweep the floor. Could the wind do my chores? 

 ▪ I could ride in a sailboat to an island. 

Check for Understanding
As students work, look for responses that describe how harnessing the wind allows something (usually 
work) to be done more easily.

Evidence

Look for evidence of understanding that people can use the wind to make life easier. Many ideas will 
be presented, from unrealistic to useful and from simple to complex.

Next Steps

Use student responses to inform the Lesson 2 Launch. If students have difficulty coming up with 
an idea, suggest the following sentence frame: If I could harness the wind, I would _____.

Optional Homework
Ask students to look for examples of where people have harnessed the wind to do something useful 
in their neighborhood or home.

Teacher Note
Energy is commonly referred to as the 
ability to do work, and this idea may 
arise during classroom discussions. 
However, during this module, students 
develop a basic understanding of energy 
without defining work . 

Work  is defined as the energy transferred 
when a force moves an object over 
a distance in the same direction as the 
force.


