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Lessons 21–26
Reducing the Impact 
of Storm Surge

Prepare
In previous lessons, students developed an understanding of the weather hazards related to different 
types of severe weather. In Lessons 21–24, students apply that knowledge to solve a problem 
in an engineering challenge. Students use the engineering design process to design a seawall based 
on established criteria and constraints to reduce the impact of flooding caused by storm surge. 
In Lesson 25, student groups present their solutions to their peers. Finally, in Lesson 26, students explore 
how modern-day coastal cities implement a variety of solutions to reduce the impact of weather 
hazards related to hurricanes. Students also consider how these modern solutions might prevent 
another disaster like the 1900 Galveston hurricane.

Student Learning

Knowledge Statement
People can use the engineering design process to design solutions to protect themselves from 
weather hazards.

Application of Concepts
Task

Engineering Challenge

Phenomenon Question

How can people design better  
solutions to reduce the impact 
of weather hazards?
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Objectives
 ▪ Lessons 21–25: Apply the engineering design process to design a structure that reduces the impact 

of flooding caused by storm surge.

 ▪ Lesson 26: Explore modern solutions that reduce the impact of weather hazards related to hurricanes.

Texas Essential Knowledge and Skills Addressed
3.2A  Plan and implement descriptive investigations, including asking and answering 

questions, making inferences, and selecting and using equipment or technology needed, 
to solve a specific problem in the natural world. (Addressed)

3.2D  Analyze and interpret patterns in data to construct reasonable explanations based 
on evidence from investigations. (Addressed)

3.2F Communicate valid conclusions supported by data in writing, by drawing pictures, and 
through verbal discussion. (Addressed)

3.3B Represent the natural world using models such as volcanoes or the Sun, Earth, and Moon 
system and identify their limitations, including size, properties, and materials. (Addressed)

3.9C  Describe environmental changes such as floods and droughts where some organisms 
thrive and others perish or move to new locations. (Addressed)

English Language Proficiency Standards Addressed
1C Use strategic learning techniques such as concept mapping, drawing, memorizing, 

comparing, contrasting, and reviewing to acquire basic and grade-level vocabulary.

4A Learn relationships between sounds and letters of the English language and decode 
(sound out) words using a combination of skills such as recognizing sound-letter 
relationships and identifying cognates, affixes, roots, and base words.

4G Demonstrate comprehension of increasingly complex English by participating in shared 
reading, retelling or summarizing material, responding to questions, and taking notes 
commensurate with content area and grade level needs.

5F Narrate, describe, and explain with increasing specificity and detail to fulfill content area 
writing needs as more English is acquired.
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Materials

Lesson 21 Lesson 22 Lesson 23 Lesson 24 Lesson 25 Lesson 26

Student Science Logbook (Lesson 21 Activity Guide) ● ● ● ●

Science Logbook (Lesson 22 Activity Guide) ● ● ● ●

Engineering Challenge (1 per group): 16.9-ounce 
plastic bottle filled with water, 1 pound of modeling 
clay, clear plastic bin (13.5″ × 8″ × 4.5″ or larger) with 
hole (Lesson 21 Resource D), foil ramp

● ● ●

Science Logbook (Lesson 24 Activity Guide) ● ●

Teacher Engineering Design Process (Lesson 21 Resource A) ●

Marvelous Mattie: How Margaret E. Knight Became 
an Inventor  by Emily Arnold McCully (2006)

●

Blank Engineering Design Process Chart 
(Lesson 21 Resource B)

●

Engineering Challenge Scenario  
(Lesson 21 Resource C)

● ●

Seawall Photographs (Lesson 22 Resource) ●

Galveston Seawall Photograph (Lesson 26 Resource A) ●

“Katrina Strikes” (Lake 2012) (Lesson 26 Resource B) ●

Anchor chart ●

Anchor model ● ●

Driving question board ●

Preparation Prepare a set of engineering challenge materials for 
students to observe (see Lesson 21 Resource D).

●

Prepare a set of engineering challenge materials for 
each group (see Lesson 21 Resource D).

●
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Lesson 21
Objective: Apply the engineering design process to design a structure that reduces the impact 
of flooding caused by storm surge.

Launch  3 minutes 

Introduce the Phenomenon Question How can people design better solutions to reduce the impact 
of weather hazards? Tell students that in the next lessons, they will design and develop their own 
solution to reduce the impact of a weather hazard related to hurricanes. In this lesson, they will 
prepare for the engineering challenge by reading about Margaret E. Knight, a determined female 
inventor who engineered many devices and machines, some of which we still use today.

Learn  34 minutes 

Review the Engineering Design Process  5 minutes 

Have students locate the engineering design process visual in their Science Logbooks (Lesson 21 Activity 
Guide). A copy of it is available as Lesson 21 Resource A to project for students who may benefit.  
Review the engineering design process with students and point out the six stages:  
Ask, Imagine, Plan, Create, Improve, and Share. 

Agenda
Launch (3 minutes)

Learn (34 minutes)

 ▪ Review the Engineering Design 
Process (5 minutes)

 ▪ Read about Margaret E. Knight 
(10 minutes)

 ▪ Discuss the Engineering Design 
Process (19 minutes)

Land (8 minutes)

Teacher Note
Throughout Level 3, students will 
further investigate each stage of the 
engineering design process. Later  
visuals of the process will include 
additional details for each stage. For this 
module, Lesson 21 Resources A and B  
include the same information, but 
Lesson 21 Resource B has extra space for 
students to post sticky notes during the 
next activity.
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English Language Development
Understanding the phrase engineering design process  is required for students to participate fully 
in the activity. Introduce this term explicitly. Sharing the Spanish cognate phrase for engineering 
design process  (proceso de diseño ingeniería ) may be useful. Also consider sharing simplified 
diagrams of the process that include additional scaffolds for English learners (4A).

Read about Margaret E. Knight  10 minutes 

Show students the text Marvelous Mattie: How Margaret E. Knight Became an Inventor  (McCully 2006) 
and set the purpose for the read aloud. Explain that students should listen for how Margaret, or Mattie, 
used the engineering design process, a series of thoughts and actions, to design a machine that could 
cut and glue a square-bottomed paper bag. When students hear an important thought or action 
Mattie took to design a square-bottomed paper bag, they should write it on a sticky note. 

Teacher Note
Marvelous Mattie: How Margaret E. Knight Became an Inventor  does not include page numbers. 
Consider writing small page numbers in the text for easy reference. For example, the reading in this 
lesson starts on page 1, which begins “Mattie Knight lived in a little house in York, Maine.”

Read aloud pages 1–4 and 17–28 of the text. In the second part of the reading on page 17, begin with 
the paragraph after the picture (“Mattie moved away from home”). If possible, project the pages of the 
book so all students can read along and view the pictures. Pause periodically for students to record 
notes on Mattie’s design process.

Discuss the Engineering Design Process  19 minutes 

Display the blank engineering design process chart (Lesson 21 Resource B) and call students’ attention 
to the first stage of the process, Ask. Explain that engineers define the problem (i.e., What is the 
problem we need to solve? How do we know the problem is solved?) in the Ask stage. 

Teacher Note
Students should layer their notes 
on the blank engineering design process 
chart (Lesson 21 Resource B) after 
the reading. However, if students are 
unfamiliar with the process, project 
Lesson 21 Resource A during the reading 
to help students frame their thinking (4G).

Differentiation
If students are still unfamiliar with the 
engineering design process, they may 
struggle to identify examples from the 
text. To help students better understand 
the process, model returning to the text 
to find evidence for a few of the stages. 
Share thinking aloud to demonstrate 
how students might arrive at a given 
piece of evidence, for example, “I notice 
on page 17 that Mattie worked in a  
paper bag factory and learned that the 
paper bags did not hold bulky items 
without splitting. I will put this evidence 
under Ask because that example is part 
of defining the problem (4G).”
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 ►What problem did Mattie want to solve?

 ▪ Paper bags made at a factory split when people tried to carry bulky 
items in them. (Page 17) 

 ▪ The paper bags made at the factory couldn’t stand upright and had 
to be held open when being filled. (Page 17) 

 ▪ Mattie wanted to build a machine to make square-bottomed  
paper bags that would be sturdier and could stand upright.  
(Page 18) 

Invite students to share relevant evidence from their sticky notes and to post 
their notes in the Ask portion of the blank engineering design process 
chart. If needed, reread relevant sentences on pages 17–18 to help students 
recall details.

Next, explain that in the Imagine stage, engineers conduct research to learn 
more about the problem, brainstorm possible solutions, and select a solution 
to explore.

 ►How did Mattie imagine and brainstorm a possible solution to the 
paper bag problem?

 ▪ Mattie worked in a bag factory, so she already had some experience 
with paper bag machines. (Page 18) 

 ▪ Mattie set up a workshop in her basement and sketched her 
ideas. (Page 19) 

Invite students to share relevant evidence from their sticky notes and to post 
their notes in the Imagine portion of the blank engineering  
design process chart. If needed, reread relevant sentences on  
pages 18–19.

Continue introducing the stages of the engineering design process by using the questions below 
to discuss Mattie’s experience in each stage. After each question, ask students to post relevant sticky 
notes in the next portion of the blank engineering design process chart.

Explain that in the Plan stage, engineers develop a detailed design plan (e.g., drawings, physical 
models) and gather the materials required.

 ►How did Mattie plan her design?

 ▪ Mattie kept sketching in her notebook. (Page 19) 

 ▪ She made paper cutout versions of her machine. (Page 21) 

Explain that in the Create stage, engineers follow the plan to build a prototype and test the design. 
Tell students that a prototype is a working model of a device engineers use to test the design before 
they produce the final device.

 ►How did Mattie test her bag-making machine design?

 ▪ She used her father’s old toolbox to build a prototype. (Page 21) 

 ▪ Mattie made a prototype out of wood and tested it to see if it worked. (Page 21) 

Explain that in the Improve stage, engineers reevaluate the design and materials and determine how 
to make the prototype better.

 ►How did Mattie improve her bag-making machine design?

 ▪ When Mattie first tested her machine, she found that the paper got caught. She had to improve 
the machine to make it run smoothly. (Page 21) 

 ▪ She worked with a machine shop to get an iron prototype made. (Page 23) 

Explain that in the Share stage, engineers document their ideas and present them to others to receive 
feedback and support.

Ask

Imagine

Improve Plan

Create

Share

Needed a
better paper
bag machine

Build a
machine to make
square-bottomed
paper bags Paper bags split

when filled with
bulky items

Had experience
working in a
bag factory

Made paper
cutout versions
of her machineHad to fix

machine when
paper got stuck

Built a prototype
out of wood

Proved the
design was hers
in court

Started a
paper bag
company

Went to
Boston to
get a patent

Used tools to
build her
machine

Set up a
workshop in
her basement

Sketched ideas
for a machine

Kept sketching
in her notebook

First prototype
didn’t work
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Continue introducing the stages of the engineering design process by using the questions below 
to discuss Mattie’s experience in each stage. After each question, ask students to post relevant sticky 
notes in the next portion of the blank engineering design process chart.

Explain that in the Plan stage, engineers develop a detailed design plan (e.g., drawings, physical 
models) and gather the materials required.

 ►How did Mattie plan her design?

 ▪ Mattie kept sketching in her notebook. (Page 19) 

 ▪ She made paper cutout versions of her machine. (Page 21) 

Explain that in the Create stage, engineers follow the plan to build a prototype and test the design. 
Tell students that a prototype is a working model of a device engineers use to test the design before 
they produce the final device.

 ►How did Mattie test her bag-making machine design?

 ▪ She used her father’s old toolbox to build a prototype. (Page 21) 

 ▪ Mattie made a prototype out of wood and tested it to see if it worked. (Page 21) 

Explain that in the Improve stage, engineers reevaluate the design and materials and determine how 
to make the prototype better.

 ►How did Mattie improve her bag-making machine design?

 ▪ When Mattie first tested her machine, she found that the paper got caught. She had to improve 
the machine to make it run smoothly. (Page 21) 

 ▪ She worked with a machine shop to get an iron prototype made. (Page 23) 

Explain that in the Share stage, engineers document their ideas and present them to others to receive 
feedback and support.

Ask

Imagine

Improve Plan

Create

Share

Needed a
better paper
bag machine

Build a
machine to make
square-bottomed
paper bags Paper bags split

when filled with
bulky items

Had experience
working in a
bag factory

Made paper
cutout versions
of her machineHad to fix

machine when
paper got stuck

Built a prototype
out of wood

Proved the
design was hers
in court

Started a
paper bag
company

Went to
Boston to
get a patent

Used tools to
build her
machine

Set up a
workshop in
her basement

Sketched ideas
for a machine

Kept sketching
in her notebook

First prototype
didn’t work
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 ►How did Mattie share her idea?

 ▪ She went to Boston to get a patent for her design, but when she went to the patent office, she 
found out someone had stolen her idea. (Page 25) 

 ▪ Mattie used her notebook of designs and paper patterns to prove that the machine design was 
hers. (Page 27) 

 ▪ Mattie was given the patent and used her machine to start the Eastern Paper Bag Company. 
Her invention still provides paper bags that people use today. (Page 28) 

After discussing the stages of the engineering design process, ask students to use examples from 
Mattie’s experiences to summarize the process for a partner.

Then discuss that the engineering design process is more like a web than a circular or linear process 
because it encourages engineers to move from one stage to any other stage. Display the engineering 
design process visual (Lesson 21 Resource A) and draw arrows from each step to the others.  Explain 
that the engineering design process is iterative, which means it allows engineers to use what they learn 
in one stage to revise work done in any other stage. For example, engineers often imagine, plan, 
create, and improve a design many times before sharing the design with colleagues.

Check for Understanding
As the class completes the blank engineering design process chart, use students’ responses to gauge 
understanding of the steps and nature of the process.

Evidence

Look for evidence that all students understand each step of the engineering design process in the 
context of Margaret E. Knight designing her paper bag machine.

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.

Teacher Note
The engineering design process visual 
should look like the one below after 
arrows are drawn between each step.

Ask

Imagine

Improve
Plan

Create

Share



PhD SCIENCE® TEKS EDITION Weather and Climate ▸ Lesson 21

© Great Minds PBC 187

Land  8 minutes 

Have students review what they learned about Margaret E. Knight in preparation for the engineering 
challenge. Then ask the following question.

 ►How did Mattie use the engineering design process to solve a problem?

 ▪ Mattie figured out that a problem needed to be solved. She imagined possible solutions and 
came up with a plan. Then she made a prototype and tested it. She had to keep improving her 
design, but she eventually created a machine that solved the problem. 

 ▪ Mattie kept working on and improving her machine and did not give up. 

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

To further prepare students for the engineering challenge, ask them to recall what they know 
about storm surge. Briefly discuss storm surge during recent hurricanes, such as Hurricane Harvey, 
Hurricane Sandy, or Hurricane Katrina. Discuss what might happen to homes and other property when 
a hurricane pushes ocean water inland.

English Language Development
Understanding the term storm surge  is required to participate fully in the engineering challenge. 
In addition to showing the photograph of the flooded coastal community, consider revisiting the 
discussion about storm surge in Lesson 17. If additional support is needed, consider showing more 
photographs or a video of storm surge (1C).

Content Area Connection: 
Mathematics
Discuss how the web of problem solving 
in science relates to how humans 
solve most problems they encounter. 
Extend the engineering design process 
to problem-solving processes students 
use in math class, such as the Read–
Draw–Write process (RDW).

First, students read the word problem. 
Next, they draw a picture to model the 
problem. This picture helps students 
identify a pathway for solving and which 
mathematical operation(s) to use. Finally, 
students solve the problem and write the 
answer as an equation and a statement. 
Students often move between the read 
and draw steps of the process several 
times before moving to the write step, 
and then they move between the draw 
and write steps several times.

Make connections between the Improve 
stage of the engineering design process 
and problem-solving in other areas 
of daily life (1C).
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Display the photograph of a flooded coastal 
community. Explain that the flooding shown in the 
photograph was caused by storm surge from Hurricane 
Sandy in 2012 (Lesson 21 Resource C, image only).

Tell students that in upcoming lessons, they will use 
the engineering design process to develop and design 
solutions to reduce damage caused by flooding.

 ►Based on your understanding of severe weather, 
what steps can people take to protect themselves 
from weather hazards such as storm surge?

 ▪ People can build houses on stilts to keep them from flooding. 

 ▪ Sometimes communities send out a warning so people know to leave. 

 ▪ Seawalls can help block ocean water from coming into a community. 

Show students the materials they will work with in the engineering design process. Available materials 
should include a plastic bin with a hole, a foil ramp, a pound of modeling clay, and a plastic bottle 
filled with water. 

To prepare students for the Plan stage in the next lesson, ask them to think about ways they might 
use these materials to build a structure that could protect a community from flooding caused 
by storm surge.

Teacher Note
This lesson requires only one set 
of prepared materials for students 
to observe. In Lesson 23, all student 
groups will need their own set 
of prepared materials.

Make connections between the Improve 
stage of the engineering design process 
and problem-solving in other areas 
of daily life.


