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PhD SCIENCE® TEKS EDITION Energy ▸ Lessons 17–23

Lessons 17–23
Engineering Challenge

Prepare
Throughout the module, students worked to build a shared understanding of energy, energy transfer, 
and energy transformation. In Lessons 17 through 23, students apply that knowledge to solve 
a problem in an engineering challenge. After reviewing the engineering design process, students 
identify an available energy source, a desired application of energy, and the materials available 
to propose a solution. Students then apply what they have learned about energy transfer and 
transformations to design a device that transforms energy from an available form into the desired 
form, emulating William Kamkwamba. In Lesson 23, students present final designs to their peers. The 
engineering challenge should take approximately seven days, but the duration may vary based on the 
time allotted for design revision, testing, and group presentations.

Student Learning

Knowledge Statement
The engineering design process can be used to create a device to transfer energy and transform 
it from an available form into the desired form.

Application of Concepts
Task

Engineering Challenge

Phenomenon Question

How can we apply our knowledge  
of energy to solve a problem?
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Objective
 ▪ Lessons 17–23: Apply the engineering design process to construct and refine a device that 

transforms energy.

Texas Essential Knowledge and Skills Addressed
5.1B Make informed choices in the use and conservation of natural resources and reusing and 

recycling of materials such as paper, aluminum, glass, cans, and plastic. (Addressed)

5.2A Describe, plan, and implement simple experimental investigations testing one variable. 
(Addressed)

5.2B Ask well defined questions, formulate testable hypotheses, and select and use 
appropriate equipment and technology. (Addressed)

5.2E Demonstrate that repeated investigations may increase the reliability of results. 
(Addressed)

5.2F Communicate valid conclusions in both written and verbal forms. Communicate valid 
conclusions in both written and verbal forms. (Addressed)

5.3B Draw or develop a model that represents how something that cannot be seen such 
as the Sun, Earth, and Moon system and formation of sedimentary rock works or looks. 
(Addressed)

5.3C Connect grade-level appropriate science concepts with the history of science, science 
careers, and contributions of scientists. (Addressed)

5.6A Explore the uses of energy, including mechanical, light, thermal, electrical, and sound 
energy. (Addressed)

5.6B Demonstrate that the flow of electricity in closed circuits can produce light, heat, 
or sound. (Addressed)

English Language Proficiency Standards Addressed
3E Share information in cooperative learning interactions.

3F Ask and give information ranging from using a very limited bank of high-frequency, 
high-need, concrete vocabulary, including key words and expressions needed for basic 
communication in academic and social contexts, to using abstract and content-based 
vocabulary during extended speaking assignments.
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Materials

Lesson 17 Lesson 18 Lesson 19 Lesson 20 Lesson 21 Lesson 22 Lesson 23

Student Science Logbook (Lesson 17 Activity 
Guides A and B)

● ● ● ● ● ● ●

Engineering Challenge (per group): 
pinwheels (from Lesson 1), LED, 
2 alligator clips, cardboard generator 
(from Lesson 14), supplies from home 
(e.g., plastic bottles, plastic or paper 
plates, straws, paper or polystyrene 
cups, wooden skewers, craft sticks)

● ● ● ● ● ●

Science Logbook (Lesson 22  
Activity Guide)

●

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

●

Engineering Design Process chart 
(Lesson 17 Resource)

●

Anchor chart, anchor model ●

Driving question board ●

Preparation None
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Lesson 17
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  2 minutes 

Ask students to review the Phenomenon Question for this lesson: How can we apply our knowledge 
of energy to solve a problem?

Tell students that in the coming lessons, they will develop their own solution to a problem. In this lesson, 
they will first study how William Kamkwamba used the engineering design process.

Learn  28 minutes 

Review the Engineering Design Process  13 minutes 

Remind students that in the last module, they discussed the engineering design process and learned 
how the Wright brothers applied the process to design the first airplane.

Ask students to recall the steps in the process. Have students write their responses on sticky notes 
and place the notes on the board. The specific words and the order of the sticky notes do not matter 
yet. Once students finish discussing the steps of the process, have the class recreate the process 

Agenda
Launch (2 minutes)

Learn (28 minutes)

 ▪ Review the Engineering Design 
Process (13 minutes)

 ▪ Discuss How William Used the 
Engineering Design Process 
(15 minutes)

Land (15 minutes)

 ▪ Prepare for the Engineering 
Challenge (10 minutes)
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by grouping and rearranging the sticky notes. Once the class has come to an agreement, have 
students review the engineering design process (Lesson 17 Resource or Lesson 17 Activity Guide A)  
and compare it to the process they developed. Discuss the similarities and differences as a class, and 
then ask the following question:

 ► In this process, why are the arrows pointing in two directions?

 ▪ To show that you can go back and forth between steps. 

 ▪ Sometimes you have to go back to an earlier step when something doesn’t work. 

 ▪ Sometimes someone else’s idea makes you rethink your design. 

Students must understand that although this process has both linear and circular aspects, it is more 
like a web with an input and an output.  Engineers may take different paths through the 
engineering design process to solve problems and repeat steps until the solutions meet all criteria and 
constraints; however, there is always a starting point (a problem) and an ending point (a solution 
or device).

Discuss How William Used the Engineering  
Design Process  15 minutes 

In the last lesson, students revisited the story of William Kamkwamba and how he built a windmill 
to generate electricity for his home. They discussed the problem William was trying to solve and how 
he solved the problem. 

Have students pretend they are William and brainstorm the questions that he must have asked 
and the steps he took to design the solution to a problem. Use The Boy Who Harnessed the Wind  
(Kamkwamba and Mealer 2010) as a reference to show the engineering design process in action. 
Reread sections of the book as needed. Have students write their ideas on sticky notes and place the 
notes under the appropriate heading in the class-developed process.

As a class, discuss William’s process as described in the book. Allow students to discuss steps that could 
go in two categories and explain why.

Differentiation
For students who would benefit from 
a visual aid, display the engineering 
design process (Lesson 17 Resource) 
and draw arrows from each step to the 
others. Sample arrows are shown below.

Spotlight on Knowledge 
and Skills 
William’s village experienced a year  
with very little rain. Without access 
to water, the crops could not grow. This 
need drove William’s desire to develop 
a solution to their water shortage.

Ask

Imagine

Improve
Plan

Create

Share

Define the
problem

Redesign

Receive
feedback

Identify
criteria and
constraints

Research

Test and
evaluate

Build a
prototype

Brainstorm
solutions

Select a
solution Gather

materials Generate
detailed
design
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 ►Where in the process do you think William had to repeat steps a few times?

 ▪ I bet his first windmill didn’t work, so he had to imagine, create, and improve a lot. 

 ▪ He probably had a lot of questions as he was putting the windmill together, and he had 
to be really creative with his materials. I bet he had to imagine and plan a few times to make 
it work better. 

 ►Do you think William worked alone?

 ▪ His friends helped him build the first windmill. 

 ▪ I bet his family and some people in the village helped him gather supplies. 

 ▪ He probably asked people questions about different parts and how to use them. 

Explain that engineers and scientists often work in teams to accomplish their goals. 

Check for Understanding
Use student responses while discussing William’s design process to ensure that students understand 
the steps and nature of the process.

Evidence

Look for evidence that students understand how William used a process similar to the one shown in the 
engineering design process chart to solve his problem.

Next Steps

Students will gain additional experience with the engineering design process by participating in the 
engineering challenge. Support students as needed by referring to the engineering design process 
throughout the engineering challenge.

Land  15 minutes 

Have students review what they learned about William and his windmill in preparation for their own 
engineering challenge, and then ask the following question:

Spotlight on Knowledge 
and Skills 
Ask students to think back to the wind 
farm photograph from Lesson 3 
(Lesson 3 Resource B). Explain that 
building a windfarm requires engineers 
and scientists with many different 
backgrounds, such as physicists, 
aerospace engineers, electrical 
engineers, mechanical engineers, 
wind turbine technicians, materials 
engineers, environmental scientists, 
industrial engineers, quality engineers, 
meteorological technicians, and many 
more.
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 ►How did William use the engineering design process to solve a problem?

 ▪ He figured out what problems he needed to solve. Then he read lots of books from the library 
to research and brainstorm solutions. 

 ▪ He made different types of windmills with different materials and improved them each time. 

 ▪ He shared his work with other people in his village. 

While discussing students’ responses, emphasize the importance of planning, persistence, and 
teamwork. Encourage students to use those approaches in their own engineering challenge during the 
next lesson.

Prepare for the Engineering Challenge  10 minutes 

To further prepare for the engineering challenge, ask students what they know about floods. 
Briefly discuss recent floods, either occurring locally or in other states. Display an image that shows 
a flood around people’s homes, such as the following photograph taken by the Federal Emergency 
Management Agency (FEMA) in Houston, TX, after Hurricane Harvey (2017): http://phdsci.link/1016.

 ► Imagine this scenario: You live in an area that has flooded and the power has gone out. You 
need some light to gather supplies and make sure your family is safe. Can you design something 
to solve this problem?

Tell students they will be following in William’s footsteps to develop and refine a device that transforms 
energy. Remind students that William went to the library to gather as much information as he could 
before he designed a working windmill. Explain that students have had the opportunity to learn about 
energy in the class, so they have gathered information to help them design a solution to their problem, 
just like William.

Remind students that it is important to identify the criteria and constraints of a design problem in the 
Ask stage of the engineering design process. As a class, develop the criteria and constraints that their 
solutions to the problem must meet. 

 ►What problem must our design be able to solve?

 ▪ We aren’t able to see, so we need to find a way to see in the dark. 

 ▪ We need to design a light so that people in our families can see where they are going. 

Teacher Note
If necessary, review the meanings of the 
terms criteria  and constraints  that were 
introduced to students in the Earth 
Features module. 

Criteria: what is needed; what the 
requirements are

Constraints: what is possible; what the 
limitations are
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►  Using what you have learned about energy, how will you do that?

▪ We need to make something that transfers energy from wind or another source to make 
something move.

▪ We will need a generator to transform mechanical energy into electrical energy.

▪ We need a light that can be powered by electrical energy.

Explain that students will use the criteria for meeting this challenge to create a device that must 
successfully transfer and transform energy to produce light.

 ►What limitations or restrictions should be put on this device?

▪ It can’t be too big because we need to be able to carry it.

▪ We can only use materials that we have at home and in the class.

Discuss that the criteria for possible solutions is that the device must successfully transfer and  
transform energy to produce light. Then agree that the constraints are that the device must fit in the 
classroom and be constructed using only a combination of materials from class and reused materials 
from home.

Have students record these criteria and constraints in the Ask section of their Science Logbooks 
(Lesson 17 Activity Guide B). 

Work with students to develop a list of the materials they have access to from their work during the 
module. The list should include pinwheels from Lesson 1, LEDs, alligator clips, materials from previous 
investigation stations, and cardboard generators from Lessons 12–14. Explain that students may also 
use disposable or reused materials from home (e.g., cardboard boxes or tubes, plastic cups, straws, 
tape, string, craft sticks, wooden skewers). Students may not use electric-powered devices  
(e.g., electric fans) or gas- or battery-powered generators from home.

Ask students to consider how they could use available materials to construct a device that transforms 
energy. Now that students know the problem their device must solve, allow to them bring more 
materials from home they might want to use.

Spotlight on Knowledge 
and Skills 
As students discuss the criteria and 
constraints, acknowledge that there 
are many factors that will influence 
the design of their devices, and that 
each group will come up with different 
solutions. Encourage students to think 
about the resources available to them, 
how the area may have changed after 
a flood, and how these two factors will 
affect their designs.

Teacher Note
Throughout the Engineering Challenge, encourage students to make informed choices about conserving 
and recycling materials, such as reusing wooden skewers and recycling plastic bottles (5.1B).
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