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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
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)

4.2E Perform repeated investigations to increase the reliability of results. (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. (Addressed)

4.6C Demonstrate that electricity travels in a closed path, creating an electrical 
circuit. (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 18
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  3 minutes 

On the first day of the engineering challenge, review this lesson’s Phenomenon Question: How can 
we apply our knowledge of energy to solve a problem? Then, ask students to recap the problem they 
must solve.

Review class expectations for group work, and then divide students into groups. 

Learn  40 minutes 

Imagine a Design Solution  15 minutes 

Draw students’ attention to the anchor model and anchor chart. Encourage groups to use their 
knowledge of energy as they brainstorm how to build their devices.

Groups brainstorm solutions and select an idea, recording their thoughts in the Imagine section  
of their Science Logbooks (Lesson 17 Activity Guide B). To select an idea, students should compare their 
ideas and identify the one that best meets the specified criteria and constraints.

Agenda
Launch (3 minutes)

Learn (40 minutes)

 ▪ Imagine a Design Solution 
(15 minutes)

 ▪ Plan a Design Solution 
(25 minutes)

Land (2 minutes)

Teacher Note
Consider using the same groups from 
Lessons 12–14 so that students may use 
the generators they developed in those 
lessons without conflict (3E).
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Plan a Design Solution  25 minutes 

After groups select an idea, have them create a diagram and a list of needed materials in the Plan 
section of their Science Logbooks. Responses will vary by group.

Sample diagram: 

Legs made from
   cardboard tubes
  with craft sticks

  to keep it standing

Pinwheel
Generator

from class

LED

Alligator
clips

Sample student responses (Lesson 17 Activity Guide B): 

What materials will you need to transform energy to produce light?

 ▪ We will need a generator like the one we made. 

 ▪ We will need an LED so we know if we have generated light. 

What materials will you need to transfer energy to the desired place?

 ▪ We will need alligator clips like we used in our model. 

 ▪ We could use a solar panel. 

What other materials will you need?

 ▪ A pinwheel 

 ▪ Glue or tape to connect the pinwheel to the nail 

 ▪ Three paper towel tubes 

 ▪ A cardboard box 
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Gather students to provide peer feedback. Allow each group to share their diagram and materials list 
with another group. Peers should listen, ask questions, and offer suggestions.  Encourage students 
to ask questions such as these: Can you say more about that? How did you arrive at that conclusion? 
How do you plan to _____?

Land  2 minutes 

Allow students to regroup and discuss what specific materials each team member should bring from 
home so they are prepared to build their devices during the next lesson.

English Language Development
As students provide feedback to their 
classmates on their designs, sentence 
frames like the following may 
be beneficial (3F):
 ▪ Can you tell us why you chose _____?
 ▪ How do you plan to _____?
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Lesson 19
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  3 minutes 

Ask students to get into their engineering challenge groups and discuss where they are in the 
engineering design process. Remind students that the process is flexible and that they may need 
to go back to a previous stage as they continue to work.

Learn  40 minutes 

Create a Design Solution  40 minutes 

Tell groups to begin building their devices.  After groups have built their devices, have students 
respond to the questions in the Create section of their Science Logbooks (Lesson 17 Activity Guide B). 
Responses will vary by group.

Agenda
Launch (3 minutes)

Learn (40 minutes)

 ▪ Create a Design Solution 
(40 minutes)

Land (2 minutes)

Differentiation
As students build their device over the 
next several lessons, it may be helpful 
for them to fulfill particular roles within 
their groups. These roles can rotate 
daily. Suggested group roles are shown 
below (3E).
 ▪ Team Leader
 ▪ Scribe
 ▪ Time Keeper
 ▪ Builders
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Sample student responses (Lesson 17 Activity Guide B): 

What works well?

 ▪ The pinwheel spins. 

 ▪ The light stays on when we quickly spin the magnets in the generator. 

What needs improvement?

 ▪ The LED doesn’t light up yet. 

 ▪ We need to figure out why the light doesn’t turn on. Maybe the wires are connected the 
wrong way. 

 ▪ We need to make the magnets in the generator spin faster so the light is brighter and stays 
on longer. 

As needed, prompt students with questions such as the following: Does your device work? Does 
your device solve the problem? Is the light bright or dim? Is a little or a lot of energy being put into 
the system?

Land  2 minutes 

Allow students to brainstorm what additional materials they might need to bring from home 
to improve their devices. Students should plan to bring any new materials for the next lesson.
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Lesson 20
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  3 minutes 

Ask students to rejoin their groups and set up their devices to share with their peers. Explain that 
students will participate in a Gallery Walk for groups to share ideas. 

Learn  40 minutes 

Provide Peer Feedback  10 minutes 

Have students circulate to view and try other groups’ devices. They should leave any relevant feedback 
on sticky notes. Remind students to leave the devices as they found them. Students should discuss the 
following questions as they circulate: 

 ▪ How well does this design meet the criteria and constraints?

 ▪ How is this design similar to and different from our design?

 ▪ What suggestions can we leave for this team to make improvements?

 ▪ What ideas does this design give us for improving our design?

Agenda
Launch (3 minutes)

Learn (40 minutes)

 ▪ Provide Peer Feedback 
(10 minutes)

 ▪ Improve a Design Solution 
(30 minutes)

Land (2 minutes)

Differentiation
Use a Chalk Talk instead of a Gallery 
Walk if students would benefit from more 
individual processing time (3E).

Differentiation
Consider providing sentence frames 
to support English learners and striving 
writers as they give feedback. For 
example, “To help fix _____ , try _____ .”  
(3F)
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Check for Understanding
Observe feedback comments and steps that groups take to improve their designs.

Evidence

Looks for evidence that all students
 ▪ suggest how to make energy transfer more efficiently or suggest other forms of energy that could 

be transformed, and
 ▪ understand energy transfer and transformation and how to improve their devices.

Next Steps

If students have difficulty providing feedback that includes a suggestion, provide the following 
sentence frame:
 ▪ The design could be improved by _____.

As groups begin improving their devices, consider pairing groups that have difficulty using feedback 
with students who suggested helpful feedback or who implemented similar changes successfully.

Improve a Design Solution  30 minutes 

Next, groups return to their own devices, review their peer feedback, and begin the Improve section 
in their Science Logbooks by answering the first question. Responses will vary by group.

Sample student responses (Lesson 17 Activity Guide B): 

What will you change about your device? How do you predict those changes will affect the device’s 
performance?

 ▪ We want to see if it is possible to get the magnets in the generator to spin faster. 

 ▪ We need to find a way to make the pinwheel keep spinning. 

 ▪ We want to fix the base of our windmill to make it more stable. 

Throughout this process, groups should discuss improvements, adjust their designs, create new versions 
of their devices, and retest them. Have students document their improvements and findings in the 
table in their Science Logbooks. Remind students that the engineering design process is iterative, and 
they may need to revisit an earlier stage of the process. Encourage students to return to the Plan, 
Create, and Improve stages of the process until they are satisfied with their design.
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Land  2 minutes 

Allow students to brainstorm what additional materials they might need to bring from home to make 
further improvements to their devices. Students should plan to bring any new materials for the 
next lesson.
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Lesson 21
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  5 minutes 

Begin the class by asking students to briefly discuss their responses to the questions below. 

 ►Where are you in the engineering design process?

 ►What is going well in your group’s process?

 ►How can you improve your group’s process?

Explain that groups will continue to optimize their devices. Then, each group will have time to plan 
a presentation for sharing their final device with the class in the next lesson.

Learn  38 minutes 

Improve a Design Solution  38 minutes 

Groups should continue to make improvements to their designs, create new versions of their devices, 
and retest them. Have students document their improvements and findings in the table in their Science 
Logbooks. Remind students that the engineering design process is iterative, which means they should 
return to the Plan, Create, and Improve stages of the process until they are satisfied with their design.

Agenda
Launch (5 minutes)

Learn (38 minutes)

 ▪ Improve a Design Solution 
(38 minutes)

Land (2 minutes)

Differentiation
If students need support reflecting  
on the engineering design process, 
review Lesson 17 Activity Guide A.  
Ask students to identify the part of the 
visual that describes their current tasks. 
Then, ask students to identify the stages 
they have completed and to consider 
what has gone well and what needs 
improvement within those stages (3F).
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Land  2 minutes 

Tell students that during the next lesson, their groups will have a few minutes to finalize their design. 
Then, each group will prepare a presentation to share their final design to the class.



PhD SCIENCE® TEKS EDITION Energy ▸ Lesson 22

Copyright © Great Minds PBC 155

Lesson 22
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  2 minutes 

Explain that each group should agree on their final design and then plan a presentation to share their 
device with the class.

Learn  42 minutes 

Improve a Design Solution  7 minutes 

Groups agree on final design to present to the class and make any necessary minor adjustments.

Prepare to Share a Design Solution  35 minutes 

Explain that scientists and engineers present their work in a variety of ways, including speeches, 
visual presentations, videos, websites, and published articles. Work with students to determine which 
methods of presentation will work best considering the time and resources available in the classroom.

Agenda
Launch (2 minutes)

Learn (42 minutes)

 ▪ Improve a Design Solution 
(7 minutes)

 ▪ Prepare to Share a Design 
Solution (35 minutes)

Land (1 minute)
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Introduce students to the engineering challenge rubric in their Science Logbooks (Lesson 22 Activity 
Guide), and discuss student questions about the presentation criteria. Give groups time to plan their 
presentations, create their final diagrams, and record this information in the Share section of their 
Science Logbooks (Lesson 17 Activity Guide B). 

Land  1 minute 

Remind students that during the next lesson, their groups will be presenting their designs to the class. 
Ask students to determine how each group member will contribute to the presentation.

English Language Development
English learners would likely benefit from 
additional time and support to prepare 
for the oral presentation of the group 
design. Provide students with time 
to rehearse each part of the presentation 
before the whole class presentation. 
Consider allowing students time to write 
their answers to the questions from 
the rubric on notecards prior to the 
presentation (3E).
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Lesson 23
Objective: Apply the engineering design process to construct and refine a device that 
transforms energy.

Launch  2 minutes 

Allow groups a few minutes to prepare for their presentations.

Learn  38 minutes 

Share a Design Solution  38 minutes 

Gather the class to listen to each group’s presentation. Allow groups to demonstrate their devices 
during their presentations. Tell students to consider the rubric criteria in their Science Logbooks 
(Lesson 22 Activity Guide) as they listen.

After each presentation, students should write feedback for the group on sticky notes or half sheets 
of paper in response to this prompt:

 ►Considering the rubric criteria, identify one strength of this group’s presentation and one idea for 
improvement.

Agenda
Launch (2 minutes)

Learn (38 minutes)

 ▪ Share a Design Solution 
(38 minutes)

Land (5 minutes)
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Each time students respond to the prompt, collect the written feedback from the class before the next 
group presents. After all groups have presented, distribute the feedback to each group. Give students 
time to review the feedback and ask questions before turning it in.

Land  5 minutes 

Revisit the Phenomenon Question How can we apply our knowledge of energy to solve a problem? 
Discuss students’ reflections on this process. Ask questions such as the following to guide the  
discussion:

 ►How did you apply your knowledge of energy to solve a problem? 

 ▪ We needed to see in our houses during a power outage, so we used what we learned in class 
about windmills to transform energy from wind into light, like William. 

 ▪ We built a device that transfers and transforms energy. 

 ►What knowledge of energy was most useful in designing your device?

 ▪ Since we learned about different energy transformations, we knew we could use one energy 
source and change it to produce light. 

 ▪ Knowing that energy is transferred in different ways helped us design a device to move energy 
from one place to another. 

Explain that students will summarize their understanding of the Essential Question, How 
do windmills change wind to light?, and apply this new knowledge in an End-of-Module Assessment 
in subsequent lessons.

Spotlight on Knowledge 
and Skills
Help students reflect on the relationship 
between science, engineering, and 
technology. Engineers apply relevant 
scientific knowledge to improve 
or develop technologies that solve 
problems in society.
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