LESSON 2

Hiking is a wonderful way to experience the natural world. Trails also affect
the environment, though. Sometimes people have to make changes to
minimize or avoid damage.

By the end of this lesson . . .
you’ll be able to use the engineering design process to find a
good solution to this problem.
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What Is the Design
Process?

Can You Solve It?

Explore
Online

You are a ranger walking in your park. As you get closer to High Top Hill, it’s getting
harder to walk uphill because there’s a deep trench worn in the path, and some of the
soil on the path seems to be washed away. How could you solve this problem?
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1. What do you think a good solution would look like? What would you need to do
before you start to build? What are some things that would limit your design?
How would you know if your solution was successful?

EVIDENCE NOTEBOOK Look for this icon to help you gather evidence
to answer the questions above.
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EXPLORATION 1

Defining a Problem
It’s All in the Details
Once you have a problem, you need to learn more about it before you can get
started on a solution. Let’s continue with the problem of building or repairing a
path up the steep High Top Hill in the park. What would you want to know before
you started to design the path? You might want to know about the following:
• weather in this area
• features of the area
• materials you can use
• time you have to build
Learning more about the topic is a best way to make good decisions about
what you want to do. This additional knowledge helps you to define the criteria
you will use and also determine any constraints. Criteria tell the desirable
features of a solution. For your path, you need to make sure the path is safe,
reduces erosion, and uses minimal materials.
A constraint is something that limits what you are trying to do. This could
include limited money to spend, materials, space to build, or time to finish.
2. Identify each item as criteria or constraint by drawing a line to the correct
word. Think about how path length interacts with other choices.
cost
Criteria

availability of materials

Constraints

keeps people safe
length of path

reduces washing away of soil
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time

What Do You See?
Studying a map of the park where you want to build the path is a great way to
gather additional information to determine what criteria you will use and any
constraints there are.
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3. This map shows the steep part of High Top Hill where the path will be built or
repaired. The topographic lines (contours) show the hills and flat areas. The
color key shows plants. Icons show the physical features of the park, such as
picnic areas and restrooms.
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4. What features of the map are most useful for your planning? Why?
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In the Background

You may want to add some large rocks to the
areas around the path. These can increase
drainage and reduce erosion by holding the
soil in place.
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To solve a problem, it is often helpful to
do some background research to see what is
already known about it. If another solution
worked somewhere else, then you may want
to try to follow it. If they ran into problems or if
some things have changed, you probably want
to try something else.
The problem you are researching is how
to design and make or modify a path in the
park that will be safe and minimize erosion.
Erosion happens when wind and rain carry the
soil away. What types of things do you think
previous builders have discovered? They may
have figured out the best materials to use, the
best ways to stay within budget, or which plants
prevent erosion.

Plants can be used to prevent erosion. Their roots hold soil in place.
Plants that are native to the area are usually best.
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Using straw bundles or mulch will help to
prevent erosion. This keeps the soil moist. Moist
soil erodes less easily than dry soil.

Using some form of barrier is also a good way to
prevent erosion. A low wooden or concrete wall
slows water flow. Slower flow erodes less soil.
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If you build a wall, you
also need to design a
way for rainfall to drain
away. A drainage channel
allows the water to flow
down the hill where
you want it to instead of
pooling behind the wall.

5. What other effects of these erosion controls might you need to consider
for a park setting?

EVIDENCE NOTEBOOK What background information can you collect that would
be useful in deciding how to build the path on the hill? Enter your answers in your
Evidence Notebook.
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Put Your Heads Together

a. First, generate as many
ideas as you can in 5–10
minutes. Listen to everyone’s
ideas without judging. Select
one person to serve as the
recorder. Using a whiteboard
everyone can see is very
helpful.

b. Next, discuss the ideas
as a group. Give each
person a chance to explain
what they meant.

6. Why does brainstorming work best with a group?
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c. After all the ideas are
discussed, eliminate any
ideas that do not meet the
constraints (limits) of the
problem. Narrow the list down
to two or three ideas. Use the
decision matrix on the next
page to choose which idea to
develop further.
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Once you have decided on a problem to solve, it is important to
gather as many ideas as possible before deciding how you will go about
solving the problem. This is a process called brainstorming. When you
brainstorm, you collect as many different ideas as you can, no matter
how good you think they are. This technique is especially useful when
working with a group of people.

HANDS-ON Apply What You Know

Make a Decision Matrix
7. Engineers use a decision matrix to determine which solution is best, given the
criteria of the problem. List the criteria in the left column and assign a priority by
choosing a number from 1 (low priority) to 5 (top priority). List the top ideas for
solving the problem across the top. Rate each solution by giving it a number of
points for each criterion. If it fully meets that criterion give it the maximum number
of points. If it only partly meets that criterion give it fewer points. Add up the points
to help you make a decision.

Criteria

Priority
(1–5)

A

Solutions
B

C

Total Points
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Language SmArts

Background Research
8. Learning the details of a project through research is a good first
step before brainstorming possible solutions. Also use several
sources to conduct some brief research on the design solutions
from the brainstorming session. Summarize what you learn in the
box below.

Tip
The English
Language Arts
Handbook can
provide help with
understanding
how to reseach,
using several
sources.
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HANDS-ON ACTIVITY

Testing a Path with a
Scale Model
Objective
Collaborate with a team to build a scale model of the problem to
get a better understanding of how your solution might work or even
if it will work.
In this activity, you will build a model of High Top Hill to test the
solution you have chosen to develop further. If you find your initial
idea does not work well, you may decide to change your solution.
What problem will you investigate to meet this objective?

Possible Materials
•
•
•
•
•
•
•
•
•

topographic map
clay and soil
craft sticks
paint tray or large
pan
paper and
cardboard
plastic bricks
plastic wrap or foil
ruler
watering can or
sprayer

Procedure

Do these two types of maps tell you
everything you need to know about the
park? Is there another kind of map that
would be helpful?

34

© Houghton Mifflin Harcourt

STEP 1 Obtain the topographic and
physical features map from your teacher,
and take a good look at the area of High Top
Hill where you want to build the path.

STEP 2 Use the materials provided to
construct a model of the hill. Use the
maps you just studied to help determine
height and other features of the hill.
Before you build your solution, test the
hill as it is. Spray or drizzle water over it
and observe where the water flows.
What types of things could you use to
represent the soil, grass, and other plants
you need to study?

STEP 3 Apply the path erosion solution your team has brainstormed to the model.
Use the ruler to measure the path. You want to be sure that it is not too long, too
short, or too steep.
Why is the length of the path an important thing to know for this project?
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STEP 4 Use the sprayer or watering can to slowly drizzle water on your model hill with
the solution in place. Be sure to notice the directions it flows in as it goes from the
top to the bottom. Record your findings. These should include a picture of your
hill design, location of the path, and the flow of the water.
What does the water represent? Does it flow as you want it to?
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STEP 5 Adjust your erosion solution as necessary. You want to be sure
that the water coming down the hill does not erode the path or the soil
around it. Then improve and retest your erosion solution.
Why might you need to move the location of the path?

Turn in your findings to your teacher. Be sure to keep a copy of them for yourself.

Analyze Your Results
STEP 6 If your scale model is 10 centimeters and the actual path is 100 times
as long, how many meters is the actual path?

STEP 7 Why is the length of the path an important thing to know?
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STEP 8 What questions do you have about the process of solving
engineering problems?
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Step 9 Sketch and label your solution. Then explain how it works.

Draw Conclusions
STEP 10 What changes did you have to make to your path design after
pouring the water? Why?
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STEP 11 How well will your erosion solution prevent erosion?

STEP 12 What difficulties do you think you may encounter in building the
path that your team proposed?
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EXPLORATION 2

Choosing the Best Solution
Zeroing In
How often do you get things perfect on
the first try? It often takes many trials before
a working solution is found. The important
thing to remember is that having to do
something over does not mean you have
failed. It just means you have found a way
something will not work. The old phrase, “If
at first you do not succeed, try,
try again” works well in engineering.
Engineering design improves as you
test design ideas and make improvements.
Each trial gives you more information. Over
time, you will develop a prototype that
meets all the criteria. It’s also important to
test several times. If something happens
once during a test, it might just be a chance
event. If it happens many times, you can rely
on it more.

Explore
Online

a. The first shot lands on the target a little too
low and to the left of the bull’s-eye. How would
you hold the bow differently?

9. How does repeating tests and building
on your successes lead to better
solutions?
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b. On the second try, the arrow is a little too high
and to the right of the bull’s-eye. How would you
hold the bow differently this time?

c. Bull’s-eye! You hit the target right in
the center. Repeating tests and making
improvements each time is important.
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HANDS-ON Apply What You Know

Collaborating and Communicating
10. In the previous Apply What You Know, you brainstormed ideas with
your team about how to design and build the path to minimize erosion and
improve safety. In this activity, you will visit two other teams in your class to
see what ideas they had about the problem.
Discuss your initial erosion solutions and how they changed after the
first test.
Be sure to take notes and summarize them, describing what would be
the ideal solution to the problem. Be prepared to share your summary with
the class.

11. Choose the correct words to complete each sentence. You can use each
word more than once.
often

improved

rarely

repeated

Design solutions are
trials, they can be

testing

perfect at first. Through
. The kinds
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of improvements that need to be made can be determined by
.
EVIDENCE NOTEBOOK In your Evidence Notebook, explain why
testing different solutions to the problem of erosion on the park path
would help improve the final design solution.
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It’s a Process
As you have in this lesson, engineers follow a loose set of steps to develop
solutions. The step are a design process or an engineering design process. The
steps may blend together or repeat. The steps can be sorted into three parts—
defining the problem, developing a solution, and improving and retesting.
Find a problem
or need

Research

Define the
problem

Brainstorm
solutions

Evaluate
solutions and
choose the best

Develop and
test a model

Criteria and
constraints
not met

Evaluate
Criteria and
constraints met
Communicate

12. Sort the engineering steps into the categories below.
Define the problem

Develop solutions

Record, improve, and retest

13. Why is collaboration such an important part of the design process? Give an
example from your recent Hands-On Activity.
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Putting It Together

TAKE IT FURTHER

Discover More
Check out this path . . . or go online to choose one of these other paths.
People in
Science &
Engineering

• Appalachian Trail Maintenance
• Take It Further

Wangari Maathai
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Wangari Maathai was a scientist, college
professor, and environmentalist who educated
the world about the impact of erosion and
deforestation. Born in Kenya and educated in
the United States and Germany, she earned a
doctoral degree (PhD). She dedicated her life to
preserving the environment by planting trees.
In Kenya, there is limited space that can be
used for farming because most of the soil lacks
nutrients. Farmers cut down the trees to plant
their crops where there are enough nutrients.
This is called deforestation. When the trees are
gone, rains and winds can carry the soil away.
This is erosion. Dr. Maathai worked tirelessly
to educate the people of her country about
harmful deforestation.

Explore
Online

Dr. Wangari Maathai was a professor,
scholar, author, and avid environmentalist.
Her work with the Green Belt Movement
earned her the Nobel Peace Prize in 2004.

14. Why might deforestation cause erosion?
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Impact in Kenya
Erosion and deforestation in Kenya were two engineering problems
that the Green Belt Movement was designed to solve. The engineering
design process could be applied to large problems like this. Just like
smaller problems, there are constraints that limit the solutions to these
problems. For example, the local climate, the availability of young
trees, and the amount of money available all affected the Green Belt
Movement. There are criteria that help measure success. Often, a large
problem such as this is solved as a series of smaller problems.
15. Suppose you had to plant lots of trees but could not afford to buy
them from a nursery. What would you do?

Dr. Maathai did her
work in Kenya, located
on the continent of
Africa. What is the
environment like
here? Most of the
country is very dry.
Planting trees helps
clean the air and
bring in more water
to the area.
KENYA
Ihithe

N
W

E

16. Propose criteria for success for the Green Belt Movement.
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LESSON 2

Lesson Check

Name

Can You Solve It?
1. Now that you have learned more about
the engineering design process, how
would you make a good erosion solution
that also makes it safe to walk down the
path? Be sure to do the following:
• Define some of the criteria and
constraints related to this problem and
solution.
• Describe how brainstorming and
researching other erosion solutions
helped come up with a good solution.
• Explain how testing, improving, and
retesting helped you develop an
erosion solution.

Explore
Online

© Houghton Mifflin Harcourt

EVIDENCE NOTEBOOK Use the information you’ve collected in your Evidence
Notebook to help you cover each point.

Checkpoints
2. Defining a problem is often the first part of the engineering design processes. Which of
these steps are usually part of defining the problem? Select all that apply.
a. evaluating the design
c. doing additional research
b. finding a problem to be solved
d. testing a solution
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3. Draw a line from each item in the middle to sort the items as criteria
or constraints.
time
erosion is reduced

Criteria

Constraints

location
the solution is
safe
money
4. Choose the correct words to complete each sentence.
brainstorming

Good

testing

share

withhold

reduce

expand

techniques include letting every member of the group
their ideas. After all members have spoken, the best thing to do

is

the list in order to figure out the best way to solve the problem.

5. Which of the following are true about the engineering design process? Select all
that apply.
d. Some solutions work better than
a. Collaboration and communication
others.
never play a role in the design
process.
b. Each step needs to be followed in an
e. The steps are always the same,
exact order.
no matter what the problem.

6. Why is communication important in the engineering design process? Choose all
that apply.
a. Engineers want to know what
c. To share information about
mistakes others have made.
different discoveries.
b. To ensure that brainstorming happens d. Engineers need it to keep track of
after the experiment is designed.
where others are living.
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c. Sometimes steps are repeated or
blend together.

LESSON 2

Lesson Roundup
A. Your teacher wants the class to brainstorm ways to rearrange the desks in class
so everyone can see the front of the class better. Arrange the steps of the process
you would use.
Ask questions to learn more about the problem.
Decide which solutions best met the criteria and constraints.
Assign someone to record the class’s ideas.
Identify constraints and criteria for a good solution.
Discuss the ideas to reduce the number of possible solutions.
Test the solution to see if the problem has been solved.
B. Choose the correct words for each sentence.
problem

conclusion

background research

more brainstorming

solutions

criteria

constraints

brainstorming

After a

has been identified, it is important to do
to learn as much as possible about the issue.

This will lead to more complete set of

and

. Once all these factors are in place,
the solution can be designed.
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C. What role does research play in the design solution process?
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