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Here’s an overview of the activities in this unit and how they all fit together. 

Prep Activity 1: What is Engineering? 
Youths engineer a tower and are introduced to the 
Engineering Design Process as a problem solving tool.

Prep Activity 2: Technologies at Work 
Youths will complete multiple activities to figure out the 
definition of technology and how engineers brainstorm 
improvements to technologies. 

Activity 3: Passing Through
Youths investigate permeable pavement technology by 
engineering pavement that will meet certain criteria.

Activity 2: Green Possibilities
Youths create their own green roofs and investigate the 
properties of natural materials.

Unit Map

Activity 4: Creating an Urban Landscape
In groups, youths plan, create, and test a solution to their 
environmental engineering challenge.

Activity 5: Improving an Urban Landscape
Groups improve their designs to better meet the criteria.

Activity 6: Engineering Showcase
Youths communicate their work to visitors.

Activity 1: The Pollution Solution
Youths learn about their engineering challenge and use a 
model city to explore what happens to polluted runoff.
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About Engineering is Elementary

Engineering is Elementary® (EiE) fosters engineering and technological literacy among 
children. Most humans spend over 95% of their time interacting with technology. Pencils, 
chairs, water filters, cell phones, and buildings are all technologies—solutions designed 
by engineers to fulfill human needs or wants. To understand the world we live in, it is 
vital that we foster engineering and technological literacy among all people, even young 
children! Fortunately, children are born engineers. They are fascinated with building, 
taking things apart, and how things work. EiE harnesses children’s natural curiosity to 
promote the learning of engineering and technology concepts.

The EiE program has four primary goals: 
Goal 1: Increase children’s technological literacy.
Goal 2: Increase educators’ abilities to teach engineering and technology to elementary 
students. 
Goal 3: Increase the number of schools and out-of-school time programs in the U.S. that 
include engineering at the elementary level.
Goal 4: Conduct research and assessment to further the first three goals and contribute 
knowledge about engineering teaching and learning at the elementary level.

The first product developed by the EiE program was the Engineering is Elementary 
curriculum series. This curriculum, designed specifically for use in elementary school 
classrooms, is research-based, standards-driven, and classroom-tested. For more 
information about EiE, visit: eie.org.

In 2011, EiE began development of Engineering Adventures (EA), a curriculum 
specifically for use in out-of-school time settings. EA is tailored to kids in 3rd through 5th 
grade. More information about EA can be found online at: engineeringadventures.org. 

In 2012, EiE began development of Engineering Everywhere (EE). Like EA, this 
curriculum is also designed for use in out-of-school time settings, but targets 6th through 
8th graders. More information about EE can be found on the next page.

Engineering is Elementary is a part of The National Center for Technological Literacy 
(NCTL) at the Museum of Science, Boston. The NCTL aims to enhance knowledge of 
technology and inspire the next generation of engineers, inventors, and innovators. 
Unique in recognizing that a 21st century curriculum must include today’s human-made 
world, the NCTL’s goal is to introduce engineering as early as elementary school and 
continue it through high school, college, and beyond. For more information about the 
NCTL, visit: nctl.org. 
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About Engineering Everywhere

The mission of Engineering Everywhere is to create exciting out-of-school time 
activities and experiences that allow all learners to act as engineers and engage in the 
engineering design process. Our goal is to positively impact learner’s attitudes about 
their abilities to engineer by providing materials uniquely appropriate for the varied 
landscapes of out-of-school time settings.  

The main ideas that guide the developers of EE are listed below.

We believe youths will best learn engineering when they:
• engage in activities that are fun, exciting, and connect to the world in which they live. 
• choose their path through open-ended challenges that have multiple solutions. 
• have the opportunity to succeed in engineering challenges. 
• communicate and collaborate in innovative, active, problem solving.

Through EE units, youths will learn that:
• they can use the Engineering Design Process to help solve problems.
• engineers design technologies to help people and solve problems.
• they have talent and potential for designing and improving technologies.
• they, too, are engineers.

As youths work through their engineering design challenges, they will have the 
opportunity to build their problem solving, teamwork, communication, and creative 
thinking skills. Most importantly, this curriculum is designed to provide a fun learning 
opportunity! 
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The Engineering Design Process

The Engineering Design Process (EDP) is the 
backbone of each Engineering Everywhere 
(EE) unit. It is an eight step process that 
guides youths in solving engineering 
challenges. Our goal for each EE unit is for 
youths to understand that the EDP can help 
them solve problems not only in engineering, 
but also in other areas of their lives.

While there are many versions of the EDP 
used in academic and professional fields 
of engineering, we developed an eight step 
process that builds on our five step process 
used in the elementary curriculum. There are 
guiding questions throughout the activities 
for the educator to ask to promote discussion 
about the EDP. There are also sections in the 
Engineering Notebook to encourage youths to 
engage in the process.

The Engineering Design Process begins with 
identifying a problem that needs to be solved 
and investigating what has already been done. 
Next, engineers imagine different solutions 
and plan their designs. Then, they create and 
test their design and make improvements 
based on the test results. Finally, engineers 
communicate their findings to others. While the 
process is shown as linear, youths may jump 
around to steps as they are engineering. For 
example, they may need to imagine and plan 
new designs in order to improve.

To further highlight the EDP throughout the 
unit, the steps are italicized in this guide. 
Youths are also provided with an explanation 
of each step, which can be seen in their 
Engineering Notebooks. To the right is the 
EDP used in the EE units.
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Unit Goals

Through this unit, youths will be introduced to engineering and the Engineering Design 
Process as they work together to engineer a solution to an environmental engineering 
challenge. Youths will learn about stormwater runoff, and explore what technologies and 
methods are used to reduce polluted runoff. Youths will collaborate to design ways to 
reduce stormwater runoff in a city model. Working with models is an important sub-goal 
for this unit. 

By the end of the unit, youths will be ready to present what they learned about designing 
urban landscapes and the engineering design process by sharing the engineering work 
they have done.
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An Educator Preview with background 
information, activity timing, key concepts, 
materials list, and preparation.

An Activity Guide with step-by-step 
instructions, including discussion 
questions, extension ideas, and tips.

Engineering Notebook pages that 
allow youths to record findings and 
reflect on their learning. 

Teacher Guide Components:
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What You Need to Know Before Teaching an EE Unit

Engineering is fun.

The EE team hears this from many OST educators and youths alike. Engineering is 
really a way of problem solving—a way of thinking about the world—that is often very 
fun and creative. Any time you need to solve a problem in order to reach a goal, you are 
engineering. 

There are no right or wrong answers.

There are often many great ways to solve the same problem. Not only is this a good 
engineering lesson for the youths in your program, it’s a good life lesson.

You are a guide.

As the educator, it is your role to guide youths through these activities by encouraging them 
to pursue and communicate their own ideas, even if you think they might not work. Every 
problem has many possible solutions and multiple ways to reach them.

Ask questions!

Throughout the activities, you can ask questions prompting youths to share their prior 
knowledge, predict what they might find, or remind them of criteria that will help them 
as they engineer. Asking questions like these sets your youths up to succeed and feel 
confident in their ability to engineer.

It’s okay to try it out!

It can be very helpful to try out the engineering challenge yourself—either beforehand or 
right alongside the youths in your program as they work through the adventures. This can 
help you understand the challenges they might face.

Support reflection

Each activity includes five to ten minutes at the end for youths to communicate with their 
peers by sharing their work. This gives youths the chance to discuss new ideas, think about 
their own work and the work of others, and reflect on what was learned. Group reflection 
can help reduce competition by encouraging youths to support each other as they move 
through the Engineering Design Process. 
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Engineering Notebooks

Make a copy an Engineering Notebook for each youth before 
you begin working through this EE unit. Youths will use them as 
directed in the Activity Guide during every activity. 

The Engineering Notebook is a central location for youths to 
record their thoughts and ideas as they move through the unit. 
Its pages guide youths through the Engineering Design Process, 
pose questions, and prompts youths to reflect on their engineering 
work. The time youths spend with their Notebooks during each 
activity will allow them to create a personalized record of their 
engineering learning. 

There are a few ways you can use the Engineering Journal. You may want to have groups 
share one Engineering Journal as a central recording spot for all group data and findings. 
This allows group members who enjoy writing and recording to do so. You may also 
encourage groups to share the responsibility by having group members rotate who records 

Alternate Prep Activities 

The two prep activities, “What is Engineering?” and “What is Technology?,” introduce 
youths to engineering and technology. “What is Engineering?” gives youths the chance to 
collaborate, experience a mini hands-on engineering challenge, share out their designs, 
and learn about the Engineering Design Process. This activity sets the stage for what they 
can expect in the rest of the unit. 

“What is Technology?” has youths interact with technologies, working with the definition 
that a technology is any thing designed by humans to help solve a problem or meet a 
need. Most youths think of technology as things that can be plugged into the wall. They do 
not realize the items that they interact with everyday, including pencils, paper, and water 
bottles, are also technologies. This activity introduces the definition of technology they will 
refer to as they engineer their own technologies to solve the problem presented in the unit.

While most prep activities for Engineering Everywhere are unit specific, there are a couple 
of versions that are repeated in multiple units. To avoid redundancy, you can find alternate 
activities online at www.engineeringeverywhere.org. If you have questions about these 
activities, please email www.engineeringeverywhere@mos.org.
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Tips and Tricks for Teaching the Unit

Post a Daily Agenda

Giving youths a sense of the day’s activity will help them to plan ahead and manage their 
time.

Facilitate Teamwork

Being able to work well in teams is an important skill for any engineer. You may want to 
assign team roles to help youths if they struggle with teamwork. Possible roles include: 
the note taker, the materials gatherer, the tester, and the presenter. 

This unit requires a collaborative workspace. Tables, desks, and chairs should be movable 
depending on the youths needs. It is a good idea to establish a materials table where you 
can set up materials for the day. Then groups can be in charge of gathering their own 
materials when they are ready

Invite Others to the Engineering Showcase

The Engineering Showcase, always the last activity in the unit, is a big deal! This 
is a chance for youths to highlight the engineering they’ve done and share their 
accomplishments with others. Consider inviting families, program staff, and other youth to 
come to the showcase.

Scheduling the Activities

Each activity requires 50-60 minutes of teaching time. We recommend that you budget 
at least 8 or 9 hours in order to complete this unit, as some activities may run longer than 
expected. You can schedule this unit in several ways: once a week, several times a week, 
or daily. It is also possible to group certain activities together. The chart below shows which 
activities are easily taught together. Use this chart to help you plan your schedule.
Prep Activity 1: What is Engineering? 
Prep Activity 2: Technologies at Work 2-3 hours

Activity 1: The Pollution Solution 1-2 hours
Activity 2: Green Possibilities
Activity 3: Passing Through 2-3 hours

Activity 4: Creating an Urban Landscape
Activity 5: Improving an Urban Landscape 2-3 hours

Activity 6: Engineering Showcase 1-2 hours
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Background
Environmental Engineering
Environmental engineers focus on removing pollution from the environment, minimizing 
the harmful impacts of pollution already in the environment, and preventing pollution from 
entering the environment in the first place.

Every time pollution enters an ecosystem, regardless of the type or the quantity, it has an 
impact on that ecosystem. Some of these impacts are direct and easily observable, while 
others are indirect, and appear slowly over time. 

Environmental engineers often work alongside city planners and civil engineers to ensure 
that new structures, such as roads and buildings, are constructed with minimal impact and 
are designed to minimize transfer of pollutants into the environment.

Urban Runoff
Runoff is a term used to describe water that flows over the surface of the landscape during 
and after a rainstorm. In rural landscapes, most rainwater is absorbed directly into the 
landscape, with runoff occurring only when the ground is over-saturated. In urban areas, 
however, the majority of rainwater becomes runoff, because it is not able to soak into the 
impervious paved surfaces that are so prevalent in cities. Regardless of location, runoff 
typically flows directly into local water bodies, such as creeks, rivers, bays, and, ultimately, 
the oceans. 

Runoff in cities can be particularly harmful to the environment. As the water flows over 
the surface of the city, it picks up pollutants such as garbage, oils, detergents, and animal 
waste. These pollutants travel with the runoff into nearby bodies of water. Often the runoff 
of an entire city will end up in the same body of water, resulting in a highly concentrated 
area of pollutants. This is harmful not only to the organisms living in the water, but also to 
organisms relying on the water for drinking or even recreation.

Reducing runoff in cities requires being creative about how to absorb rainwater into the 
city landscape. When polluted stormwater runoff is absorbed into the ground, there are 
microbes that eat some of the pollution. Plants also can absorb and filter some pollutants, 
which reduces the amount and pace of polluted runoff entering a body of water. In this unit, 
youths explore permeable pavement technology (an absorbent pavement) and ways to 
incorporate absorbent natural materials into a city landscape (through parks, green roofs) to 
reduce polluted runoff from entering a river at the base of a model city. 
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Vocabulary

Constraint: A limitation or restriction on a design.

Criterion: A requirement for a design.

Environmental engineer: Someone who uses his or her creativity and knowledge of 
math, science, and natural systems to design technologies to solve problems relating to 
reducing pollution in the environment.

Engineer: Someone who uses his or her creativity and knowledge of math and science 
to design technologies that solve problems.

Engineering Design Process: The steps that engineers use to design technologies to 
solve a problem.

Green roof: A roof that is partially or fully covered with vegetation over layers of 
material to absorb water, with a waterproof membrane on the bottom to prevent leaking.  

Runoff: The water that flows over the surface of a landscape during and after a 
rainstorm.

Permeable pavement: An absorbent pavement allowing water to pass through it.

Pollutant: Something that contaminates the air, water, or soil of an environment.

Pollution: The introduction of pollutants into the environment.

Technology: Anything designed by humans to help solve a problem.
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Materials List
This kit is prepared for 8 groups of 3.

Quantity Item
Non-Consumable Items

1 Engineering Everywhere Special Report DVD or use the link: http://www.
eie.org/engineering-everywhere/curriculum-units/dont-runoff

1 Engineering Design Process Poster
1 stuffed toy, approx. 6”
2 wind-up toys, walking
4 measuring cups, 1 cup
4 spray bottles
4 permanent marker
8 rubber duckies, small
8 ruler, 12”
8 scissors

Consumable Items
1 cheesecloth (1 yard)
1 dish soap, liquid, 12 oz.
1 food coloring, liquid, pack of 4
1 gravel, aquarium, 10 lbs
1 potting soil (8 quart bag)
1 screen, nylon (1 yard)
1 sprinkles, 5-10 oz
1 vegetable oil, 1 cup
2 duct tape, roll
2 sticky notes, pads
4 sphagnum moss (100 cup in bag)
5 aluminum foil, roll, 75 ft.
6 sand (2.2 lb bag)
8 masking tape, roll
8 tray, foil (5” x 1.4” x 7.5”)
9 cardboard (11” x 17”)
9 trays, foil (10” x 18” x 3”)

20 chipboard (or cardboard), sheets
20 craft foam
20 cups, paper (3 oz)
20 sponges (plain, no scrub)
25 felt
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30 box (4.5” x 3.25” x 2.5”)
50 cups, paper (8 oz)

100 cotton balls
100 craft sticks
100 straws
500 bingo chips (around 3/4” to 1” diameter) or plastic discs
500 coffee stirrers
500 paperclips, size 1
500 plastic sequins, small

1200 index cards, 3” x 5”
NOT INCLUDED IN KIT

1 device to play online videos
1 chart paper
1 timer
1 paper towel roll

Materials List (cont.)
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National Education Standards
This unit is written with the primary goal of teaching engineering practices and critical thinking skills. 
The engineering challenge in the unit also requires that a variety of science topics and principles 
are touched upon. The engineering standards taught in this unit and the science topics links in this 
unit are noted below. 
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Science as Inquiry      
Physical Science

Life Science

Earth and Space 
Science      
Science and Technology        
Science in Personal and 
Social Perspectives      
History and Nature of 
Science

IT
E

E
A

The Nature of 
Technology       
Technology and Society      
Design       
Abilities for a 
Technological World       
The Designed World



xixEngineering Everywhere: Don’t Runoff  
    

© Museum of Science

P
re

p 
A

ct
iv

ity
 1

: W
ha

t i
s 

E
ng

in
ee

rin
g?

P
re

p 
A

ct
iv

ity
 2

: T
ec

hn
ol

og
ie

s 
at

 W
or

k

A
ct

iv
ity

 1
: T

he
 P

ol
lu

tio
n 

S
ol

ut
io

n

A
ct

iv
ity

 2
:  

G
re

en
 P

os
si

bi
lit

ie
s

A
ct

iv
ity

 3
:  

P
as

si
ng

 T
hr

ou
gh

A
ct

iv
ity

 4
:C

re
at

in
g 

an
 U

rb
an

 
La

nd
sc

ap
e

A
ct

iv
ity

 5
: I

m
pr

ov
in

g 
an

 U
rb

an
 

La
nd

sc
ap

e

A
ct

iv
ity

 6
: E

ng
in

ee
rin

g 
S

ho
w

ca
se

N
ex

t G
en

er
at

io
n 

S
ci

en
ce

 S
ta

nd
ar

ds

MS-LS2-1 Analyze and interpret data to 
provide evidence for the effects of resource 
availability on organisms and populations of 
organisms in an ecosystem.

   
MS-LS2-4 Construct an argument supported 
by empirical evidence that changes to 
physical or biological components of an 
ecosystem affect populations.

  
MS-LS2-5 Evaluate competing design 
solutions for maintaining biodiversity and 
ecosystem services.     
MS-ESS3-3 Apply scientific principles 
to design a method for monitoring and 
minimizing a human impact on the 
environment.

     
MS-ESS3-4 Construct an argument supported 
by evidence for how increases in human 
population and per-capita consumption of 
natural resources impact Earth’s systems.

   
MS-ETS1-1 Define the criteria and constraints 
of a design problem with sufficient precision 
to ensure a successful solution, taking into 
account relevant scientific principles and 
potential impacts on people and the natural 
environment that may limit possible solutions.

    

MS-ETS1-2 Evaluate competing design 
solutions using a systematic process to 
determine how well they meet the criteria and 
constraints of the problem.

    
MS-ETS1-3 Analyze data from tests to 
determine similarities and differences among 
several design solutions to identify the best 
characteristics of each that can be combined 
into a new solution to better meet the criteria 
for success.

     

MS-ETS1-4 Develop a model to generate 
data for iterative testing and modification of a 
proposed object, tool, or process such that an 
optimal design can be achieved.
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Elem
ents of success

Evidence: W
here did I see this during the activity?

W
hat w

as m
y role in m

aking this happen?

Youths w
ere engaged and 

challenged by the activity. 
They persisted through 
difficulties.

Youths did m
ost of the 

talking, sharing their ideas 
w

ith each other during the 
entire activity.

Youths value their 
engineering w

ork as a 
process, not just as the 
end result.

H
ow

 do you know
 if you are leading these activities successfully? This tool w

ill help you keep track of successful m
om

ents and w
ill ask 

you to identify how
 your ow

n actions enabled youths to succeed.

D
ate:  

 
 

 
A

ctivity:

Self-A
ssessm

ent R
ubric
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H
ow

 do you know
 if you are leading these activities successfully? This tool w

ill help you keep track of successful m
om

ents and w
ill ask 

you to identify how
 your ow

n actions enabled youths to succeed.

Elem
ents of success

W
hat does this look like?

H
ow

 does the guide help m
e facilitate this?

Youths w
ere engaged and 

challenged by the activity. 
They persisted through 
difficulties.

• 
Youths are on-task.

• 
Youths are trying out their ideas.

• 
Youths identify w

hat is w
orking w

ell in their 
designs.

• 
Youths troubleshoot their ow

n w
ork.

• 
Youths im

prove their designs.

• 
U

se the bold prom
pts to ask open-ended 

questions to help youths troubleshoot their w
ork.

• 
U

se the bold prom
pts to ask youths about w

hat 
they think is w

orking w
ell in their designs and 

w
hat they w

ould like to im
prove. This w

ill help 
youths feel m

ore confident about their problem
-

solving abilities.

Youths did m
ost of the 

talking, sharing their ideas 
w

ith each other during the 
entire activity.

• 
Youths bring their ow

n ideas to the activity and 
are com

fortable sharing them
.

• 
Youths brainstorm

 and debate w
ithin their 

groups.
• 

Youths share their designs w
ith others.

• 
Youths talk about how

 their ideas are changing 
over tim

e.

• 
U

se the bold prom
pts in the guide to encourage 

youths to share and explain their thinking.
• 

H
ave youths collaborate in groups so they can 

brainstorm
 and create a design together.

• 
U

se the bold prom
pts in the R

eflect section to help 
youths share their new

 ideas about designs.

Youths value their 
engineering w

ork as a 
process, not just as the 
end result.

• 
Youths go beyond talking about their design to 
talking about how

 they thought of it and w
hy 

they designed it.
• 

Youths use the E
ngineering D

esign P
rocess to 

describe their actions.

• 
U

se the bold prom
pts in the guide to ask youths 

how
 they use the Engineering D

esign Process. 
S

pending tim
e talking and thinking about their 

process w
ill help youths see the value in it.

• 
U

se the bold prom
pts to ask all youths about 

Im
proving their designs, even if their designs are 

w
orking w

ell.
• 

Encourage youths to reflect individually in their 
E

ngineering N
otebooks to give them

 tim
e for their 

experiences to sink in and be rem
em

bered.

Self-A
ssessm

ent R
ubric
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Dear Family,                                                                                      Date: _________________

We are beginning an engineering unit called Don’t Runoff: Engineering an Urban Landscape, which is part 
of the Engineering Everywhere curriculum developed by the Museum of Science, Boston. Through this 
unit, youths will be introduced to engineering and the engineering design process as they work together 
to engineer a solution to an environmental engineering challenge. This unit is set in a real-world context: 
throughout the unit, youths will work with teammates to engineer ways to reduce polluted runoff in a 
model city.

There are many reasons to introduce youths to engineering:
• Engineering projects reinforce topics youths are learning in school. Engaging youths in hands-on, 

real-world engineering experiences can enliven math, science, and other content areas.
• Engineering fosters problem-solving skills, including problem formulation, creativity, planning, and 

testing of alternative solutions. 
• Youths are fascinated with building and with taking things apart to see how they work. By 

encouraging these explorations, we can keep these interests alive. Describing their activities as 
“engineering” when children are engaged in the natural design process can help them develop positive 
associations with engineering, and increase their desire to pursue such activities in the future.

• Engineering and technological literacy are necessary for the 21st century. As our society 
increasingly depends on engineering and technology, our citizens need to understand these fields.

Because engineering projects are hands-on, materials are often required. Several materials necessary to this 
unit are listed below. If you have any of these materials available, please consider donating them to us.
 
If you have expertise in environmental engineering or urban planning, or have any general questions or 
comments about the engineering unit we are about to begin, please let me know.

Sincerely,

If you have any of the following materials available and would like to donate them, I would greatly 
appreciate having them by the following date: ______________________ . Thank you!

____________________________      ____________________________      
____________________________      ____________________________      
____________________________      ____________________________      
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What is Engineering? 

Prep 1 Preparation (10 min)
1. Prepare the following items for each team: one foot of cellophane 

tape, one pair of scissors, one ruler, 100 index cards.
2. Have the stuffed toy, a few extra index cards, and a timer readily 

available. 
3. Have the Engineering Design Process poster ready to post.
4. Prepare a Criteria and Constraints Chart as shown on the next 

page.

For the whole group
 Engineering Design Process poster
 1 stuffed toy

For each group of 3-5
 1 foot of tape
 1 pair of scissors
 1 ruler
 100 index cards

For each youth
 Engineering Notebook

Activity Timing:
Identify:     5 min
Investigate:   10 min
Create:  20 min
Test:   15 min
Reflect:   10 min

     60 min

21st Century Skill 
Highlight:
Collaboration

Overview: Youths are introduced to the Engineering Design Process as they work 
together to engineer a solution to a problem.

Note to Educator: The main goal of this activity is for youths to engage in the 
Engineering Design Process. In other words, the resulting towers are not the most 
important part of the activity! They are simply a vehicle for getting everyone to work 
together and participate in the Engineering Design Process. 

Educator  
Preview
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Chart for Prep Activity 1

2 Don’t Runoff: Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Criteria
(what you or your tower must do)

Constraints
(limitations of the challenge)

• The tower must be at least 
twelve inches high.

• The tower must support the 
mascot.

• You are limited to one hundred 
index cards and 1 foot of tape.

• You have 20 minutes.

Criteria and Constraints Chart

Notebook Pages for Prep Activity 1
Tower Plan, p. 2



Youths will understand: 
• the Engineering Design Process is an intuitive problem solving process.
• engineers use the Engineering Design Process to solve problems.
• they are engineers.

Identify the Problem (5 min)
1. Welcome everyone to the engineering group. Let youths know you 

have a problem for them to solve by working in engineering teams. 
2. Explain that their program needs a mascot. Hold up the stuffed 

animal, and explain that this is their potential new mascot.
3. Tell the group that they are being asked to display the mascot so 

everyone can see it as they come into the building. 
4. Put the mascot on the ground and ask:

• What is the problem with the way the mascot is now? It’s too 
small and on the ground, it could be stepped on; you can’t see it 
from a distance, etc.

• What is the problem we’re trying to solve? Display the mascot 
so everyone can see it as they enter the building.

5. Record their thoughts on the board.
6. Explain that since they cannot change the size of the mascot, as 

engineers they will create structures, or towers, that can raise the 
mascot.

Investigate (10 min)
1. Split everyone into teams of 3-5 and ask: 

• What questions do you have before you begin working? 
2. Encourage the whole group to ask questions about the criteria (what 

the tower needs to do), constraints (how they are limited), and how to 
evaluate success.

3. Answer the questions generated by the group. Be sure to give teams 
the following information:
• Each team will get one foot of tape, one ruler, one pair of scissors, 

and one hundred index cards.
• The scissors and ruler can be used as tools, but cannot be 

incorporated into their design.
• The towers need to be at least twelve inches high.
• The towers need to support the weight of the mascot for 10 

seconds.
• Teams will have 20 minutes to work.
• Teams can hold the mascot to get a sense of its weight, but they 

may not test with the mascot during building time. 
• Teams cannot tape their towers to the floor, walls, or furniture.

3© Museum of Science
Engineering Everywhere

Tip: The main 
goal of the What is 
Engineering activity 
is for everyone 
to engage in the 
Engineering Design 
Process. In other 
words, the resulting 
towers are not the 
most important part 
of the activity! They 
are simply a vehicle 
for getting everyone 
to work together and 
participate in the 
Engineering Design 
Process. 
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4. Post the Criteria and Constraints Chart. 
5. Give each team a pair of scissors and 5 index cards. Give them 3 

minutes to test some ideas for how they may want to use the index 
cards in their structures. They may want to roll, fold, or cut the cards.

Create (20 min)
1. Pass out index cards, tape, a ruler, and scissors to each team.
2. Set the timer for 20 minutes and have teams begin building. 
3. As teams work, pass around the mascot so everyone can hold it and 

get a sense of its mass, but remind them they cannot test with it yet.
4. As you visit each team, ask questions like:

• How did your team come up with this design?
• Why do you think your design will work well?
• What are you doing to the cards to make them stronger?

5. Every five minutes, let groups know how much time they have left. 

Test and Communicate (15 min)
1. When time is up, have teams step away from their own work and 

observe the structures other teams created. Ask:
• What do you observe is the same about all of the designs? 

Materials, shapes, etc.
• What do you observe is different about them? Different ways 

of using the index cards, different heights, etc.
2. Point out that every team engineered a different solution to the same 

problem. In engineering, there are always many solutions to the 
same problem. 

3. Have the teams watch as each team tests. Before testing, ask:
• Tell us about your design. What are its parts? 
• What do you predict will happen during testing?

4. Allow a team member to place the mascot on top to see if it will hold 
for at least 10 seconds.

5. Whether or not their design met the criteria, ask each team:
• How would you improve your design if you had more time?

Reflect (10 min)
1. Gather everyone around the Engineering Design Process poster. 
2. Explain that engineers use a process called the Engineering Design 

Process to help them solve problems. Ask:
• How did your team use these steps as you engineered your 

tower? Encourage teams to link specific actions to specific steps, 
for example: we used the imagine step when we brainstormed.

• Which, if any, steps did you use more than once?
• What do you think would happen if you skipped a step?

3. Explain that they will continue to use the Engineering Design Process 
to guide their engineering work throughout the unit. 

4. Have youths fill out Tower Plan, p. 2 in their Engineering Notebooks, 
which they will refer back to in another activity.

4 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

 

Tip: Let teams know 
that they will be 
engineering towers 
later in the unit, and 
they should think back  
to what worked well 
and what didn’t work 
well in this activity to 
help them get started.
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Technologies at Work

Prep 2 Preparation (15 min)
1. Prepare and post the What’s What and Team Score charts as 

shown on the next page.
2. Use paper to make answer cards for each small group. On one side 

write Y and the other N.
3. Post the Engineering Design Process poster.

For the whole group
 Engineering Design Process poster
 Is It Technology?, this guide p. 9

For each group of 3-5
 small box or container
 Answer card (see preparation below)
 Optional: buzzer 

For each youth
 Engineering Notebook

Activity Timing:
Technology
Activities:         50 min
Reflect:   10 min

  60 min

21st Century Skill 
Highlight:
Critical thinking

Overview: Youths will complete multiple activities to helpt them define the word 
technology and understand how engineers brainstorm improvements to technologies. 

Note to Educator: Many people think of technologies as things that are electronic or 
“high-tech.” In actuality, technologies are anything designed by humans to solve a problem 
or meet a need. 

Educator  
Preview
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What’s What
Technology Not a Technology

Team Score
Team 1 Name Team 2 Name

Notebook Pages for Prep Activity 2

Charts for Prep Activity 2

What’s What Chart

Team Score Chart

Categories, p. 3

6 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Improving a Technology, p. 4

Engineering Profile, p. 5



Youths will understand: 
• that a technology is anything designed by humans to solve a problem.
• engineers design technologies.

What is Technology? (15 min)
1. Tell youths that today they will complete several activities to help 

them figure out more about what engineers do. 
2. Explain to everyone that, as engineers, they will use their skills to 

design technologies. Ask:
• What do you think the word “technology” means?

3. Tell youths they will investigate technology, and the goal of the first 
activity is to be the first team to correctly identify 10 technologies.

4. Split the group into two teams, and give each team an answer card. 
Explain you will read an item from the Is it Technology? list. Teams 
will have 15 seconds to make a decision, and they will hold up the Y 
if they think it is a technology and N if they think it is not. 

5. If a team is correct, you will give the team a point. If a group is 
incorrect, they score nothing. They are aiming for 10 points.

6. Start the game, writing the correct answer on the What’s What chart 
when all teams have given their answers.

7. When a team reaches 10 points, stop the game. Tell youths that 
engineers are people who design technologies. Have teams consider 
the What’s What chart. Ask:
• What do you think the technologies have in common? People 

designed them, they make things easier, they solve problems.
• What do you think the items that are NOT technologies have 

in common? They are natural. People did not design them.
• Do you think the towers we engineered are technologies? 

Why or why not? Yes, because we designed them to solve a 
problem!

8. Tell youths that, as engineers, they will do lots of designing and 
improving of technologies during this unit.

9. Write the definition of technology on the board for youths to reference 
during the rest of the activity: Technology is anything that is 
human made that solves a problem or fulfills a need.

Technologies Solving Problems (15 min)
1. Split youths into groups of 2 or 3. Explain that they will focus on the 

problems technologies solve and the needs they meet.
2. Hold up a small box/container and ask:

• What problem does this container solve? It holds small 
7© Museum of Science
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Tip: If you have a 
large group, you may 
want to split up the 
group into smaller 
teams of 4-5. 
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objects, etc.
3. Tell groups that they will have ten minutes to come up with as many 

technologies they can think of that solve certain problems. Review 
the problem categories on p. 3 of the Engineering Notebooks. 

4. Start the timer, letting youths know when time is almost up.
5. Have groups share out how many items they came up with and 

name a few items from each of their categories.

Improving Technologies (20 min)
1. Explain that now that youths have a definition and understanding 

of technology, they are ready to consider technologies from 
an engineer’s perspective. Many engineers improve existing 
technologies. They need to determine the problem with the 
technology and figure out how to improve it. 

2. Have youths pair up and turn to p. 4 of their Engineering Notebooks. 
Explain that groups will have 10 minutes to imagine how to improve 
a technology in the room. Then the whole group will do a gallery walk 
to see the improvements.

3. To make sure youths understand, hold up a pencil. Ask:
• What is a problem with this pencil? It could be easier to hold.
• How could this pencil be improved? Make a place to hold it.

4. Have pairs choose a simple, low-tech technology they see in the 
room and begin. Let youths know when there are 10, 5, and 2 
minutes left. 

5. When all groups are done, have pairs do a gallery walk to all the 
different notebooks to see the different designs. 

6. Once all groups have seen the designs, ask:
• Can you think of other ways to improve these technologies? 

Encourage all answers.
• Why do you think engineers come up with many designs? So 

they can see how many different ideas they can come up with, 
they can pick the design they think would work best, etc. 

Reflect (10 min)
1. Have the group summarize what they learned. Ask:

• After doing this activity, what would you tell others about 
technology? Who designs technologies?

2. If youth do not mention some of the following, underscore the 
following important points:
• Technology is anything human-made that solves a problem or 

fulfills a need.
• Engineers are people who create or improve technologies.

3. Have youth fill out their Engineer Profile, p. 5, and reflect on 
engineering skills they feel are easy for them, and any engineering 
skills they would like to work on throughout the unit. Giving youths 
time to fill out an Engineer Profile will help reinforce the idea that they 
are engineers and guide them to reflect on themselves as engineers. 

8 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Tip: Pairs may 
want to discuss the 
problems and possible 
improvements for 
their technology, and 
each come up with 
an individual design. 
Engineers may do this 
to see all the possible 
ideas that they can 
come up with.

Tip: Pay attention 
to the skills youths 
identify with and 
what they would like 
to work on. This can 
help you track youths’ 
growth and place 
them into groups that 
will help them learn.



Item Is it a Technology?
computer yes
camera yes
paper cup yes
turtle shell no
pencil yes
spider web no
television yes
wind-up toy yes
tying a shoe yes
tree no
bird no
dog food yes
lightning no
play ground yes
piano yes
hiccup no
flashlight yes
toenail no
blanket yes
chair yes

Read the items in the order given in order to play the game.

Note about technology: 
We define technology as anything designed by humans to solve a problem or meet a 
need. Technologies can be objects, systems, or processes. Tying your shoe is a process, 
with distinct steps that go in a certain order. For some youths, just focusing on objects is a 
good place to start, but once comfortable, incorporating processes as examples can really 
expand the definition of technology.

This definition can get complicated around the edges. For example, if a human uses a rock 
to solve a problem, like creating an arrowhead, is the rock considered a technology? Yes, 
because the human designed a new use for the rock. If a crow uses a stick as a tool, is that 
tool considered a technology? That depends. The stick may solve a problem for the crow, 
but can we prove that the crow designed the tool?

If these questions arise in your group, congratulate everyone for thinking so deeply about 
technology! Engineers debate these questions all of the time. It is up to youths to decide 
what stance they would like to take and to justify their decision.

Technologies at WorkPr
ep 2 Is It Technology?

9© Museum of Science
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The Pollution Solution

Activity 1 Preparation (15 min)
1. Have the Special Report (10:13) video ready to play. You can 

also access it from http://www.eie.org/engineering-everywhere/
curriculum-units/dont-runoff

2. Post the Engineering Design Process poster.
3. Make the model city, and set it up. See directions in this guide, pp. 

17-19.
4. Prepare a City Pollution Chart as shown on the next page.
5. Fill the spray bottle with water.

For the whole group
 Engineering Everywhere Special Report DVD, or the link 

    below, and a computer to play it on
 Model city (see preparation below)
 1 bag of plastic sequins
 1 box of food coloring
 1 cardboard sheet
 1 container of dish soap
 1 container of sprinkles
 1 permanent marker
 1 roll of aluminum foil
 1 roll of duct tape
 1 spray bottle
 1 tray, foil, 10” x 18” x 3”
 2 cups, 3 oz.
 3 boxes,  4.5” x 3.25” x 2.5”

For each youth
 Engineering Notebook

Activity Timing:
Identify:  20 min
City Planning:   10 min
Pollutants:    5 min
Polluting:  10 min
Reflect:     5 min

  50 min

21st Century Skill 
Highlight:
Critical thinking

Overview: Youths will be introduced to the problem they will be working to solve: how 
can we keep polluted runoff out of a river?

Note to Educator: Engineers are people who design and improve technologies in order 
to solve problems or meet needs in their communities, such as preventing pollution from 
contaminating local waterways. Be sure to save the City Pollution Chart and the model city 
for use in Activities 4, 5, and 6.

Educator  
Preview
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Notebook Pages for Activity 1

Charts for Activity 1

City Snapshots, p. 6

12 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

City Pollution Chart
Item Pollutant Location in City Amount

City Pollution Chart

City Snapshots, p. 7



Youths will understand: 
• engineers design technologies.
• their main challenge in this unit is to design technologies to help prevent runoff in a 

model city.

Identify the Problem (20 min)
1. Tell youths that today they will identify and start investigating their 

challenge. 
2. Explain that for the rest of the unit they will work as groups of 

environmental engineers to create technologies to solve a problem. 
The problem is connected to pollution and runoff, and it affects 
people living everywhere in the world.  Ask:
• What comes to mind when you hear the word pollution? 

Encourage all answers.
• Have you heard the term runoff? What do you think it means? 

For now, accept all answers.
3. Show everyone the Engineering Design Process. Ask:

• As engineers, what step do you think we should use first in 
order to solve the problem? Identify the problem.

4. Tell everyone you have a Special Report video that will give them 
more information about their challenge. As youths watch the video, 
they should consider how runoff affects everyone in the world. 

5. Play Engineering Everywhere Special Report (10:13): http://www.eie.
org/engineering-everywhere/curriculum-units/dont-runoff

6. After, to check for understanding, ask:
• How did the video describe storm water runoff? Water from 

rain that runs across driveways and roads and eventually goes 
into rivers and oceans.

• What are some technologies environmental engineers have 
designed to help reduce pollutants in runoff? Porous pavers, 
trenches, vegetated swales, storm water planters.

• What are some advantages of running a pilot program? You 
can try a new project and monitor the results to make sure it has 
the desired effects, you can use successes and failures from other 
pilot programs to decide what to try next.

• While this report focuses on the Charles River in Boston, 
how might this issue affect everyone living in the world? 
Everyone needs clean water; dirty runoff pollutes water that we 
drink and affects the ecosystem.

7. Tell youths they will get the chance to engineer technologies to help 
solve this problem throughout the unit.

13© Museum of Science
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Tip: Some of the 
technologies are 
described as follows:

porous pavers: cover 
walkways with space 
between the pavers 
so that water can 
be absorbed into 
the ground but the 
surface is still easy to 
walk over.

trenches: filled with 
gravel and sandy 
soil so that water can 
easily flow into the 
ground.

vegetated swales: 
designed to carry 
water slowly and allow 
water to filter through 
plants into the ground.
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City Planning (10 min)
1. Show youths the model city that will help them identify problems 

caused by polluted runoff. Explain that as environmental engineers, 
they will use an established city model, since many cities need to 
reduce runoff in an already existing set up.

2. Today they will be using one model as a whole group. Ask:
• What do you notice about the surface of this model? It is foil, 

and it is smooth.
• How does this surface contribute to the runoff problem? All of 

the water runs off of it; no water can soak in.
3. Have youths look at the images on City Snapshots, pp. 6-7 in their 

Engineering Notebooks. Ask:
• What do you notice about the surfaces of these cities? They 

are mostly paved, and smooth with little green space.
• How do you think these paved surfaces are similar to the foil 

in our model? All of the water runs off of it; no water can soak in.

Introducing the Pollutants (5 min)
1. Ask youths if they remember any of the pollutants from the video or if 

they have seen any pollutants in real life.
2. Show everyone the model pollutants they will use in their city model: 

food coloring, dish soap, sprinkles, and plastic sequins.
3. Divide everyone into four Pollution Research Groups and assign 

each group one of the items. 
4. Give each group a few minutes to think about which real-life 

pollutants their item could best represent. For example, the plastic 
sequins might represent plastic bags or they might represent 
discarded food.

Pollute the City (10 min)
1. Gather youths around the city model and invite each Pollution 

Research Groups to share their item. Ask:
• What pollutant(s) does your item represent?
• Where might you find these pollutants in this city?
• How much of the material should we use to represent the 

pollutant in each spot of the city?
2. Write responses on the City Pollution Chart. Tell groups that the 

placement and amount of pollutants decided on today will be what is 
used as they test their own city models in later activities. 

3. As each group presents, have them add their pollutant to the model 
by sprinkling an amount they’ve decided on (we recommend about 
1-3 tablespoons) over the city or placing it in areas of the city where 
they would expect to find that particular type of pollutant.

4. Once everyone has added their pollutant, tell them they are going to 
spray water over the city to see what happens during a rainstorm. 

5. Place the model city into the foil tray, leaning on two cups (it will fit at 

14 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Tip: If youths are 
unfamiliar with 
models, tell them 
models represent 
something else; either 
an object, part of an 
object, or system. 

Tip: Other possible 
pollutants groups 
could chose to 
represent include 
plastics, chemicals, or 
animal waste.



a tilt). Tell everyone the foil tray represents a river of clean water that 
flows near to the city. Ask:
• What do you predict will happen? Why do you think so?

6. Have volunteers take turns spraying a steady rain onto the city for 
30 seconds. Ask:
• What do you notice? The water is running over the surface of 

the city. It is picking up pollutants and carrying them into the river, 
making the river water dirty.

7. Tell youths that the water they see running over the surface of the 
city is runoff. Ask:
• How do you think this runoff might affect the model city? 

It pollutes the river, so it might harm the plants and animals in 
the river, it could affect the people who use the river for water or 
recreation.

Reflect (5 min)
1. Tell youths they are going to work together to engineer an urban 

landscape made of buildings, roads, and open spaces that will keep 
polluted runoff out of the clean river. Ask:
• What step of the Engineering Design Process did we use 

today to get us started solving this problem? Identify and 
investigate.

2. Encourage youths to look for examples of runoff reducing 
technologies around their program site, school, and homes. 

15© Museum of Science
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Tip: To clean up, wipe 
down the model with 
a paper towel. The 
polluted water can 
be strained through a 
paper towel or strainer 
and then rinsed down 
the sink.





Step 1

• Cover one side of the cardboard with foil. 
You will need about 12” of foil for this.

• Attach the foil on the back side of the 
cardboard with duct tape.

Step 2

• Cover the boxes (buildings) with foil.
• Try to keep the top and sides smooth. It is 

okay if the bottom is uneven.

Step 3

• Attach the buildings onto the board with duct tape in the spots shown below. 
• Use a permanent marker to draw in the road, parking lots, and sidewalk.

Top Bottom

Paved Open 
Space

Parking 
Lot

Road

Building

Building

Making the Model City
A
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Building

River

Top of the Hill

17© Museum of Science
Engineering Everywhere

Engineering an Urban Landscape





Setting Up the Model City
A

ct
iv

ity
 

1
Set up the city model, as described on 
p. 17.

Cut an 8” piece of aluminum foil in half. 
Cover two cups with each piece of foil. 
Place the cups near the middle of the foil tray. 

Lean the city model on the edge of the foil tray and on the two cups.
Fill the foil tray with 1/2” of water.

19© Museum of Science
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Activity 2 Preparation (15 min)
1. Post the Engineering Design Process poster.
2. Have Green Roofs (2:34): http://tinyurl.com/7famxtv ready to play. 

If you do not have access to a computer, there is a corresponding 
article in youth’s Engineering Notebooks.

3. Have water available.

For the whole group
 Engineering Design Process  

   poster
 Green Roofs video clip and a  

 device that will play it
 1 container of gravel
 1 container of potting soil
 1 container of sand
 1 container of sphagnum   

 moss
 1 roll of paper towels (for   

 clean up)
 1 spray bottle
 4 measuring cups, 1 cup

Activity Timing:
Intro:      5 min
Activity:   35 min
Reflect:   10 min

  50 min
 
21st Century Skill 
Highlight:
Critical thinking
Creativity

Overview: Youths create their own green roofs and investigate the properties of natural 
materials.

Note to Educator: Although pollutants are always somewhat harmful, it is possible to 
reduce the harm by spreading certain pollutants out over a large area and allowing them to 
soak into the soil. Some natural materials in soil can break down specific pollutants, making 
them less harmful to the environment than if the pollutants travelled directly into bodies of 
water where they become concentrated and more dangerous. 

Educator  
Preview
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Activity 2 Materials
For each group of 3-5

 1 foil tray, size
 1 foot of foil
 1 roll of tape
 40 index cards

For each youth
 Engineering Notebook



Notebook Pages for Activity 2

Green Roofs Article, p. 8 Green Roofs Article, cont., p. 9

22 Engineering an Urban Landscape© Museum of Science
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Green Roofs, p. 10 Think About It, p. 11



Youths will understand: 
• the properties of natural materials can help reduce runoff.
• green roofs are a technology they can use in their model city.

Introduce the Challenge (5 min)
1. Ask youths if anyone noticed runoff reducing technologies since the 

last activity. Encourage youths to share what they observed.
2. Tell youths that today they will be exploring natural materials to help 

reduce runoff. Remind youths that their job is to engineer an urban 
landscape that can keep polluted runoff out of the river. Ask:
• What happened to the pollutants on the model city when we 

created a rainstorm last time? They went into the river.
• What does the foil on the city model represent? Pavement.
• If we were to replace paved surfaces with a different material, 

what material would you choose and why? Accept all 
responses.

3. Tell youths that some natural materials can break down pollutants, 
making them less harmful to the environment than if the pollutants 
traveled directly into bodies of water. 

4. Explain that today groups will engineer towers with green roofs. Ask:
• What do you know about green roofs, or what do you think 

they are? Encourage all answers.
5. To show what other engineers in the field are doing, play Green 

Roofs, or have youths read the article in their Engineering 
Notebooks, pp. 8-9.

6. To check for understanding, ask:
• How does green roof technology help reduce runoff? They 

have absorbent materials on top and a water repelling material 
underneath. Water absorbs into the roof instead of running over 
pavement and collecting pollution.

7. Tell the group that they will get the chance to engineer a model 
building with a green roof that reduces runoff.

Engineering Green Roofs (35 min)
1. Explain that this challenge comes in two parts:

• engineer a model building at least nine inches high
• engineer a roof for the building that reduces runoff by absorbing 

water
2. Show youths the materials they can use in their green roof: gravel, 

potting soil, sand, and sphagnum moss. Ask:
• How might these materials help reduce runoff? They might 

absorb the water, like a sponge.
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3. For the building, each group may use 40 index cards, 1 foot of foil, 
and a roll of tape.  

4. Have groups turn back to their Engineering Notebook, p. 2, and 
review their notes from their tower designs. Explain that today they 
will be engineering towers that are 9 inches high. Ask:
• What worked well last time you engineered a tower?

5. Explain that to test, groups will add one cup of water to their rooftop 
and check to make sure it is all absorbed (none runs off). The 
building also needs to support the weight of the saturated green roof. 

6. Tell groups they should build and test their building in a foil tray, to 
catch any potential runoff or contain their model if it collapses.

7. Split youths into groups of 3-4 and give groups five minutes to plan 
using p. 10 in their Notebooks. Once teams have a plan, they can 
get their supplies and start building.

8. As groups are working, circulate to each group and ask questions 
like:
• What types of materials are you using? Are they working like 

you thought they would?
• What is working well about your design?
• What is not working well?

9. When there are five minutes left, have groups test their green roofs 
by adding 1 cup of water.

Reflect (10 min)
1. Invite groups to share their designs. Encourage them to share what 

materials they chose, why they chose them, and their results. Ask:
• Which natural material do you think works best to reduce 

runoff? Why do you think so? Encourage groups to use data 
from their investigation to help them support their response.

2. Revisit City Snapshots. Ask:
• What do you think the impact would be of adding green roofs 

to all the buildings you see? Encourage all answers.
3. Show everyone the Engineering Design Process poster. Ask:

• What step of the Engineering Design Process do you think 
we used today? Investigate and imagine.

4. Let everyone know that next time, they will continue using the 
investigate step of the Engineering Design Process to explore ways 
to improve pavement so that it can help reduce runoff.

5. Give youths a few minutes to add notes to Think About It, p. 11 in 
their notebooks. Remind groups that they can use these ideas as 
they start working with their model cities.

6. As youths finish, have them clean up their green roofs and replace 
any materials that can be reused next time. 
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Activity 3 Preparation (15 min)
1. Post the Engineering Design Process poster.
2. Have Green City, Clean Waters (2:07): http://tinyurl.com/2fxjqeo 

ready to play. 
3. Prepare the Criteria and Constraints Chart as shown on the next 

page.
4. Set up an Investigation Station with the materials above.
5. Fill the spray bottles with water.

For the whole group
 Engineering Design Process  

  poster
 1 yard of cheesecloth
 1 yard of screen
 2 wind up walking toys
 4 rolls of foil
 4 spray bottles
 20 craft foam sheets
 20 sponges
 25 felt sheets
 50 cups, 8 oz.
 100 cotton balls
 500 paperclips

Activity Timing:
Intro:     5 min
Challenge: 10 min
Investigate:  25 min
Communicate: 10 min
City Example: 10 min

  60 min

21st Century Skill 
Highlight:
Creativity

Overview: Youths investigate permeable pavement technology by designing permeable 
pavement to meet certain criteria.

Note to Educator: Permeable pavement refers to any paved surface that allows water 
to pass through it. Permeable pavement is engineered so that water can be absorbed into 
the soil beneath, where organisms and plants can help filter pollutants. There are many 
different types of permeable pavement, ranging from brick roads and tiled walkways to 
specially-processed cement that can be used on regular roads.

Educator  
Preview

Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Activity 3 Materials
For each group of 3-5

 1 large foil tray, 10” x 18” x 3”
 1 foil tray, 5” x 1.25” x 7.5”
 1 pair of scissors
 1 ruler

For each youth
 Engineering Notebook



Criteria Constraints

The pavement must absorb water.

You have a budget of $200.00The pavement must be smooth enough for people 
to use for walking and driving.

Notebook Pages for Activity 3

Investigate: Permeable Pavement, p. 12 Think About It, p. 13

Chart for Activity 3

Criteria and Constraints Chart
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Youths will understand: 
• they can use the investigate step of the Engineering Design Process to explore how 

permeable pavement can absorb water and help reduce runoff.
• it is important to think about both criteria and constraints when engineering a 

technology.

Set the Stage (5 min)
1. To review, ask:

• What is the environmental engineering problem we are trying 
to solve? We need to keep polluted runoff from entering the river 
in our model city.

• What did we investigate last time? We investigated green roofs 
and how natural materials might absorb water and reduce runoff.

2. Tell youths that today they are going to use the investigate step of 
the Engineering Design Process to investigate a technology called 
permeable pavement. Ask:
• Why is it useful to have paved areas in cities? It is hard, flat, 

and smooth so people can walk, bike, and drive on it.
• How do paved areas add to the runoff problem? The water 

runs off paved surfaces; it does not sink in.
3. Remind youths that in the Special Report video, Kate Bowditch said 

you need to balance nature and the needs of people. An example 
of this was permeable pavement. It is a type of pavement that is 
engineered to let water pass through, so the water can be absorbed 
by the ground underneath. 

Present the Challenge (10 min)
1. Post the Criteria and Constraints Chart. You may want to remind 

youths that criteria are requirements, while constraints are limitations.
2. For each item, ask:

• Why do you think this criterion is important? See the sidebar 
for possible responses.

• How do you think the cost constraint will affect your work? 
We have to balance how well a material works with cost.

3. Show youths a small foil tray. Tell them that today they will use the 
tray to hold their pavement. 

4. Show youths the paving materials they can use. Have them turn to 
Investigate: Permeable Pavement, p. 12 in their notebooks to find the 
price list of all of the materials.

5. Tell groups they can lay the paving materials in their foil tray however 
they would like to try to meet all of the criteria and constraints.

6. Review the testing procedure. To test, groups should:
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Explanation of the 
Permeable Pavement 
Criteria:
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must absorb 
water. The more 
water it absorbs or 
lets through into 
the ground, the 
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off.

2. The pavement 
must be smooth 
enough for 
people to use 
for walking and 
driving. People 
still need to be 
able to use the 
pavement for safe 
walking, biking, 
and driving.
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• Place the small foil tray into the large foil tray to catch extra water.
• Test the usability of the pavement by seeing whether a wind-up 

toy can walk on their pavement in a straight line. 
• Spray the pavement with 20 squirts of water.
• Wait 20 seconds. Record how well the water soaks in.

Investigate (25 min)
1. Split everyone into Investigation Groups of 3-5. 
2. Give groups 25 minutes to investigate permeable pavement and test 

their designs. As groups work, check in and ask:
• What step of the Engineering Design Process are you using 

right now? How do you know?
• How well does your permeable pavement design meet the 

criteria on the chart?
3. Let groups know when they have 10 minutes left, 5 minutes left, etc.

Communicate (10 min)
1. Tell teams it is time for them to share their work with everyone else! 
2. Have each group share. Ask questions like: 

• Which materials did you use? How well did they absorb?
3. Gather youths around the Engineering Design Process poster. Ask:

• How did you use the steps of the Engineering Design 
Process to guide your work?

• How can we, as environmental engineers, use what we 
learned in our investigations to keep polluted runoff out of 
the river? We can make the roads and other paved areas more 
absorbent so that less water runs off. We can put in permeable 
pavement and replace some paved areas with natural materials.

4. Revisit City Snapshots. Ask:
• What do you think the impact would be of changing the 

pavement with permeable pavement? Encourage all answers.
5. Give youths a few minutes to record their ideas on Think About It, p, 

13 in their Notebooks. Groups will be able to refer to their notes when 
they are engineering their urban landscape.

6. Tell everyone that next time, they will continue using the Engineering 
Design Process to imagine, plan, create, and test technologies to 
keep polluted runoff out of the river of Cement City.

Real Life Runoff: Philadelphia (10 min)
1. Explain to youths that cities all over the world are dealing with issues 

connected to runoff. Philadelphia is one city that has come up with a 
project called Green City, Clean Waters. The project is a 25-year plan 
to reduce polluted runoff and protect their watershed.  

2. Show youths the Green City, Clean Waters video (2:07): http://tinyurl.
com/2fxjqeo. After, ask what they noticed about the technologies 
used in this effort. Let youths know they will discuss this project in 
later activities.
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Note: Groups will 
have to share the 
wind-up toys!

Tip: To reuse the 
gravel for later 
activities, rinse it and 
leave it out to dry. The 
sand, potting soil, and 
moss can be left out 
to dry as well, as long 
as they are exposed 
to circulating air.
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Activity Timing:
Introduction:    5 min
Make Models: 20 min
Plan:              15 min
Create/Test: 15 min
Reflect:    5 min

  60 min

21st Century Skill 
Highlight:
Creativity

Overview: Youths work in engineering teams to plan, create, and test a solution to their 
environmental engineering challenge of preventing storm runoff.

Note to Educator: Be sure to save the designs groups engineer for the next activity. 
You may want to have the model Cement City from Activity 1 available for groups to 
reference as they make their model cities. In the next activity, you may want groups to 
continue using their own city models, or combine the best of their ideas and make one city 
model. Let youths know which option you chose early in this activity.

Educator  
Preview

Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Activity 4 Materials
For the whole group

 Engineering Design Process  
 poster

 City Pollution Chart from   
 Activity 1

 1 container of gravel
 1 container of potting soil
 1 container of sand
 1 container of sphagnum   

  moss
 1 container of dish soap
 1 pack of food coloring
 1 container of sprinkles
 1 paper towel roll
 1 yard of cheesecloth
 1 yard of screen
 2 wind up walking toys
 4 permanent markers
 4 rolls of duct tape
 4 rolls of foil
 4 spray bottles
 20 craft foam
 20 sheets of chipboard
 20 sponges
 25 felt

 50 craft sticks
 50 cups, 8 oz.
 100 cotton balls
 100 straws
 400 index cards
 500 bingo chips
 500 coffee stirrers
 500 paperclips
 500 sequins

For each group of 3-5
 1 foil tray
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 11” x 17” cardboard sheet
 2 cups, 3 oz.
 3 boxes, 4.5” x 3.25” x 2.5”

For each youth
 Engineering Notebook



Notebook Pages for Activity 4

How to Make the Model City, p. 14 How to Make the Foil Tray, p. 15
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Activity 4 Preparation (15 min)
1. Post the Engineering Design Process poster.
2. Have Green Water Infrastructure Tools page ready to review. You can access it from http://

tinyurl.com/lpqpx4f. If the class will not have access to the page, print some examples of 
the technology for youths to look at. You may also want to bring youths around the site to 
see what runoff reducing technologies they can find.

3. Set up a Materials Store with the materials listed.
4. Fill the spray bottles with water.
5. Fill each group’s foil tray with 1/2” of water.

Plan, p. 16 Create and Test, p. 17



Youths will understand: 
• they can use the plan, create, and test steps of the Engineering Design Process to help 

them solve problems.
• spending time developing a plan can help them effectively balance criteria and 

constraints in their designs.

Set the Stage (5 min)
1. Congratulate youths on their investigations so far! They’ve used the 

investigate step of the Engineering Design Process to find out lots of 
information about how to reduce urban runoff. Ask:
• Who/what is affected by runoff? Rivers and bodies of water 

become polluted and that can impact the people, animals, and 
plants that use the water. 

2. Tell youths that groups will work on two projects today. First, each 
group will create their model city. Then, they will work to engineer 
different ways to prevent runoff in their city. 

3. Remind groups that their city model will be on a hill (the board is 
tilted into the large foil tray) and the river is at the bottom of the hill 
(represented by the large foil tray). They will prop the model on two 
small cups to make sure the city is not sitting directly in the river.

4. Have youths share what they have already investigated in previous 
activities to help reduce polluted runoff. They may talk about how 
natural materials can absorb pollutants and slow down water, or 
technologies that can reduce runoff, such as green roofs, permeable 
pavement, swales, and storm water planters. 

Making the Model City (20 min)
1. Have youths split into groups of 3-5. 
2. Explain that as environmental engineers, they are trying to reduce 

runoff in an existing city. Have groups turn to p. 14 in their Notebooks 
to see the city plan for which they will create a model. 

3. Tell groups they have 20 minutes to create their models.  
4. As groups build, check in and assist with any difficulties. Remind 

groups that they want the foil to be as smooth as possible on the top 
and sides of the buildings.

Investigate and Plan for the City (15 min)
1. Once all groups have created their base model, tell everyone 

that they will use the Imagine, Plan, Create, and Test steps of the 
Engineering Design Process to engineer solutions to reduce runoff in 
their model city. Ask:
• What are some of the technologies we have explored that 

might help us? Green roofs, permeable pavement, adding more 
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Tip: As a reminder 
of what models are 
and why they are 
useful, you may want 
to ask youths why 
they think they will be 
using models to test 
instead of a real city. 
Models are smaller 
and can be simplified, 
you can control more 
variables, etc. 
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plants, etc. 
2. Explain that, as engineers, they will need to submit a plan before they 

can get their materials and start their tests.
3. Before they plan with their groups, they are going to quickly revisit 

Philadelphia’s Green City, Clean Waters project. Remind youths that 
in the Special Report, Kate Bowditch explained it was important to 
see what others are doing.

4. Show youths the Green Water Infrastructure Tools page. If there are 
multiple computers, encourage small groups to look at the overview 
page and see if there are any additional technologies they want to 
use in their model city. They may want to see what they can find 
about runoff reducing technologies in other cities as well.

5. Have youths turn to Plan, p. 16 in their Notebooks. Point out the 
Price List on that page and let teams know they have a budget of 
$500 to reduce runoff in their model city. 

6. Let groups know if they want to make permeable pavement or a 
green roof, they will need to set it in a tray. There are directions for 
how to make a foil tray in their Engineering Notebooks, p. 15. 

7. Give groups a few minutes to Plan. Encourage groups to use data 
from their Engineering Notebooks to help them decide on materials 
and keep track of their budget.

Create and Test (15 min)
1. Tell groups they will have 15 minutes to create and test their design. 

Have groups look at the Pollution Meter, p. 17 of their Engineering 
Notebooks. They will use this meter to help them evaluate the 
success of their designs.

2. Remind groups that in Activity 1, each Pollution Research Group 
decided which pollutant their material represented, and where it was 
likely to be found in the city. They will use this to pollute each model 
city. 

3. When groups are ready to test, they should place each pollutant on 
their model following the amount and location they decided on and 
recorded on the City Pollution Chart.

4. Tell groups they can use Create and Test, p. 17 in their Notebooks to 
keep track of their designs.

5. As groups create and test, ask questions like:
• Can you tell me about the parts of your design? 
• What parts are working well? What parts are not working so 

well?
• How are you keeping track of your work so you can share 

your ideas later?
6. Let groups know when there are 10 min left, 5 min left, etc. 

Encourage groups to take the last few minutes to record their work in 
their Engineering Notebooks, if they have not been doing so already.
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Tip: As an alternative 
to looking at the 
Green City, Clean 
Waters website, you 
may want to bring 
youths on a quick tour 
of the program site 
to see what runoff 
reducing technologies 
they can find.

Tip: Let groups know 
that they can place 
materials in a foil unit 
and then attach the 
units to the model city, 
or create barriers with 
materials, such as 
straws or craft sticks. 

Tip: You may want to 
have groups present 
their plan for approval 
before collecting their 
materials.



Clean Up and Reflect (5 min)
1. Gather everyone around the Engineering Design Process poster. 

Have youths think about which steps of the process they used 
today, and in what order.

2. Have a few volunteers share their process. Ask:
• In what similar ways did everyone use this process?
• In what ways did use of the process differ?

3. Enlist everyone’s help in cleaning up the space. Groups should keep 
their designs intact so they can improve them later, but everything 
else can be cleaned up and materials returned to the Materials 
Store. Let groups know they may have to remake parts of their 
model in the next activity.

4. Give youths a few minutes to consider how they would like to 
improve their technology next time on Create and Test, p. 17. If the 
group will make one city model in the next activity, have the whole 
group discuss which technologies they think worked best when 
placed in a particular part of the city model.

Tip: To clean up, wipe 
down the model with 
a paper towel. The 
polluted water can 
be strained through a 
paper towel or strainer 
and then rinsed down 
the sink.

Tip: To reuse the 
gravel for later 
activities, rinse it and 
leave it out to dry. The 
sand, potting soil, and 
moss can be left out 
to dry as well, as long 
as they are exposed 
to circulating air.
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Activity Timing:
Intro:      5 min
Plan:   15 min
Improve:   30 min
Communicate: 10 min

  60 min

21st Century Skill 
Highlight:
Collaboration

Overview: Groups will improve their designs to better meet the criteria.

Note to Educator: Be sure to save the designs groups engineer for the Engineering 
Showcase in Activity 6. If you would like to have the whole group make one city model, 
start by reviewing the technologies that groups felt worked best to reduce runoff in the 
previous activity. The whole group should decide how they want to incorporate these 
technologies into one design.

Educator  
Preview

Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Activity 5 Materials
For the whole group

 Engineering Design Process  
  poster

 City Pollution Chart from   
 Prep Activity 2

 Engineering Showcase   
  Invitation, this guide, p. 39

 1 container of gravel
 1 container of potting soil
 1 container of sand
 1 container of sphagnum   

  moss
 1 container of dish soap
 1 pack of food coloring
 1 container of sprinkles
 1 paper towel roll
 1 yard of cheesecloth
 1 yard of screen
 2 wind up walking toys
 4 permanent markers
 4 rolls of duct tape
 4 rolls of foil
 4 spray bottles
 20 chipboard sheets
 20 craft foam sheets

 20 sponges
 25 felt sheets
 50 craft sticks
 50 cups, 8 oz.
 100 cotton balls
 100 straws
 400 index cards
 500 bingo chips
 500 coffee stirrers
 500 paperclips
 500 sequins

For each group of 3-5
 city model from Activity 4
 1 foil tray
 1 pair of scissors
 1 roll of masking tape
 1 rubber ducky
 1 ruler
 1 stack of sticky notes
 2 cups, 3 oz.

For each youth
 Engineering Notebook

Improving an Urban Landscape 



Notebook Pages for Activity 5
Improve, p. 18

Chart for Activity 5

36 Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Activity 5 Preparation (15 min)
1. Post the Engineering Design Process poster.
2. Have each team’s model city available.
3. Set up a Materials Store with the materials listed.
4. Fill the spray bottles with water.
5. Fill each group’s foil tray with 1/2” of water.
6. Post the City Pollution Chart from Activity 4.
7. Copy the Engineering Showcase Invitation for youths to take home.

City Pollution Chart
Item Pollutant Location in City Amount

City Pollution Chart (from Activity 4)

The Engineering Design Process, p. 21



Youths will understand: 
• they can use the improve step of the Engineering Design Process to adjust their 

designs.
• they can practice using the communicate step and improve how they talk about their 

work.

Set the Stage (5 min)
1. Have youths sit in their engineering groups. Explain that they will 

have 30 minutes to focus on improving their designs from last time. 
Ask:
• What worked well in your design last time?
• What are some things that you plan to improve today? 

Encourage other groups to share ideas about how groups that are 
struggling could improve their designs.

• Were there any ideas from the Philadelphia project or other 
runoff reducing technologies you have seen around you that 
you are incorporating into your design? 

2. Tell groups that they can choose to add two additional elements to 
their testing during the Showcase: oil (as an additional pollutant) and 
animals in the river (in the form of a duck). Ask:
• Why do you think it might be important to add animals to the 

river in our model? It is realistic since there are animals in the 
river, we can see whether the pollutants reach the animals, etc. 

• Where do you think you would find oil in the city model? How 
much oil should be used when testing? Encourage youths to 
determine the placement of oil, and how much to add (you may 
want to suggest 4-5 drops or a teaspoon). This can be added to 
the City Pollution Chart.

3. Remind groups that the next step of the Engineering Design Process 
is communicate. As part of the Engineering Showcase, they will do 
the final test of their design, and share their designs.

4. Stress the importance of keeping track of their improvements. Ask:
• How do you think keeping track of your work can help you 

communicate about what you have done?

Plan (15 min)
1. Encourage groups to look through their Engineering Notebooks and 

find one idea they think will help them as they improve their designs.
2. Give groups 10 minutes to plan their improvements, and remake any 

part of their city that was ruined from the last time they tested. They 
may need to remake some foil trays, barriers, or wipe down the foil. 
Groups may also want to replace the piece of foil on the cardboard, 
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Tip: If there is 
computer access 
and youths would 
like to review more 
information about the 
Philadelphia Green 
City, Clean Waters 
project, encourage 
them to do some 
research. They may 
want to research other 
cities’ efforts to reduce 
runoff as well.
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drawing the roads and reattaching the buildings.

Improve (30 min)
1. Tell groups they have 30 minutes to improve the runoff solutions they 

engineered.
2. Groups should keep track of their work on Improve, p. 18 in their 

notebooks, and update their budget as they change materials.
3. While groups improve, ask questions like:

• Can you tell me about your design? 
• What did you change from last time? 
• What parts are working well? What parts need improvement? 
• How are you keeping track of your work so you can share 

your ideas with the group later?

Communicate (10 min)
1. Encourage a few groups share their work. Ask:

• How did you improve your model today? 
1. Have youths think about the oil and duck they can incorporate into 

their city model when they test at the Showcase. Ask:
• Do you think your technologies will stop the oil from 

reaching the river?
• How do you think oil and other pollutants will affect the duck 

and other animals in the river? How will it affect the people in 
the city?

2. Remind everyone that during the Engineering Showcase, teams 
will need to use the Communicate step of the Engineering Design 
Process to share their work with others. They will also do the final 
test of their designs. Ask:
• Why do you think it is important to communicate your 

engineering work to others? Accept all responses. Guide 
youths to recognize that by sharing their work, they are educating 
their community and inspiring others to solve problems.

3. Tell groups they are going to use the Engineering Design Process 
as a tool to help them organize their presentation. Have groups take 
a look at p. 21 of their Engineering Notebooks as a reminder of the 
steps of the Engineering Design Process.

4. Pass out a set of sticky notes to each group.
5. Give groups 5-10 minutes to write down how they used each step of 

the Engineering Design Process on a sticky note.
6. When groups are done, have them post their sticky notes on the 

Engineering Design Process poster next to the appropriate steps.
7. Review the group’s findings. Ask:

• What step did was used the most? Why do you think so?
• How did everyone use the steps in a similar way? 

8. Hand out invitations to the showcase to staff members, other youths 
in the program, or to families.
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You’re Invited...

ENGINEERING
Showcase

Where:

When:

What:
Come support your local engineers as they share their 

environmental engineering work!
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Activity 6 Preparation (10 min)
1. Post the Engineering Design Process poster.
2. Fill the spray bottles with water.
3. Have the remaining materials available for easy pick up by each 

group.

Activity Timing:
Intro:      5 min
Prepare:   20 min
Showcase:   20 min
Reflect:   10 min

  55 min

21st Century Skill 
Highlight:
Communication

Overview: Youths host an Engineering Showcase to share their engineering work with 
each other and with visitors.

Note to Educator: The Engineering Showcase is a chance for youths to share all of the 
engineering work they have done. You may want to set up the Showcase so that youths 
can invite their peers, families, and other guests.

Educator  
Preview

Engineering an Urban Landscape© Museum of Science
Engineering Everywhere

Activity 6 Materials
For the whole group

 Engineering Design Process poster
 leftover materials from Activity 4 and 5, in case groups need to  

    replace any part of their design
 1 container of vegetable oil, 1 cup
 2 wind up walking toys
 4 spray bottles

For each group of 3-5
 city model from Activity 5
 1 pair of scissors
 1 rubber ducky
 1 ruler
 1 foil tray

For each youth
 Engineering Notebook



Notebook Pages for Activity 6

Improve Results, p. 19
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Engineering Profile, p. 20



Youths will understand: 
• communicating their ideas to fellow engineers and to guests gives their work meaning 

and value in the community
• they are engineers!

Set the Stage (5 min)
1. Remind everyone that today is the Engineering Showcase, where 

they will share their engineering work with each other and visitors.
2. Ask:

• What are some ideas you had about how to successfully 
communicate your work?

3. Record all ideas on a piece of chart paper to use as a reference.
4. Tell groups they will have 20 minutes to prepare for the Engineering 

Showcase. Request that one youth prepares to explain the 
engineering challenge to the visitors when they arrive.

5. Remind groups that they will need to decide whether they would like 
to add oil as a pollutant in their city model. 

Prepare (20 min)
1. Allow groups to gather any materials they would like to use as part of 

their presentations. Remind groups that as part of their presentation, 
they will be testing their final design.

2. If youths are looking for things to do, encourage them to create 
visuals for their team, or practice asking and answering questions 
about their work.

Engineering Showcase (20 min)
1. As visitors come in, have them do a gallery walk of the model cities 

before sitting for the presentations.
2. Have a volunteer explain the engineering challenge to the visitors.
3. Give each group a few minutes to share their design and test. As 

groups are testing, ask questions like:
• What are some things you investigated to help you solve this 

problem?
• What technologies did you use in the model city to reduce 

runoff?
• What did you test that worked really well or really poorly?
• What is working well about your model?
• What other technologies could you incorporate to further 

improve your model city?
• How did the Engineering Design Process help you reach this 

final model design?
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• What do you like most about engineering?
4. After all groups have presented, allow visitors to walk around to the 

model cities and ask the environmental engineers any additional 
questions they have about the design.

Reflect (10 min)
1. Gather everyone in a circle and congratulate everyone on their 

engineering work! 
2. Point out the Improve Results, p. 19 in the Engineering Notebook. 

Ask groups to take a few minutes to record the results from their final 
test. Remind youths that there is always room for improvement, and 
encourage them to think about what they would do if they had more 
time with the challenge.

3. Give youths a few minutes to complete the Engineering Profile, p. 20. 
Have youths revisit the Engineering Profiles, p. 5, to reflect on how 
they have grown as engineers.

4. Go around in a circle and have everyone share their responses to 
these questions:
• What are you most proud of doing as part of this engineering 

group?
• What is something from this engineering group that you’ll 

always remember?
• Why do you consider yourself an engineer? 
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