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

Activity 1: Insulated Homes
Youths create model shipping container homes that they will 
insulate later in the unit.

Prep Activity 2: What is Technology?
Youths learn about technology through a match game and 
imagine ways to improve a technology.

Prep Activity 1: What is Engineering?
Youths are introduced to engineering as they work in teams 
to engineer a transportation tank for a model frozen woolly 
mammoth.

Activity 2: Investigating Insulation
Youths test a variety of insulation materials.

Activity 3: Could You Live There?
Youths imagine floor plan designs for shipping container 
homes. 

Activity 4: Engineer Your Insulated Home
Youths begin to insulate their model shipping container 

homes.

Activity 5: Improve Your Insulated Home
Youths improve their insulation designs.

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

Unit Map
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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 and at 
engineeringeverywhere.org

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 engaging out-of-school time learning 
experiences that positively impact youths’ attitudes about their abilities to engineer. Our 
goal is to provide youth with personally meaningful and globally relevant challenges that 
empower them to problem solve, think creatively, and learn from one another.

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

In this unit, youths will be introduced to engineering and the Engineering Design Process 
as they work together to engineer a solution to a green engineering challenge. Youths 
will watch a video that explains the huge amount of energy that people use to heat and 
cool their homes and why insulation is important. Then they will explore how insulation 
can be used to help moderate the interior temperatures of a special type of model 
home—a shipping container home. Youths will also think about the insulation used in 
real homes, both around the world and in their own neighborhoods. Working with models 
and considering how to work with variables when setting up an experiment are important 
sub-goals for this unit. 

By the end of the unit, youths will be ready to present what they learned about insulation 
and the Engineering Design Process by sharing the engineering work they’ve done on 
their models.
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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 this Unit

Engineering is fun.

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 your youths, it’s a good life lesson.

You are a guide.

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

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 group as they work through the activities. This can help 
you understand the challenges they might face.

Support reflection

Many activities include five to ten minutes 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 notetaker, 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.
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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: What is Technology 2-3 hours

Activity 1: Insulated Homes
Activity 2: Investigating Insulation 2-3 hour

Activity 3: Could You Live There?
Activity 4: Engineering Your Insulated Home 2-3 hours

Activity 5: Improving Your Insulated Home
Activity 6: Engineering Showcase 2-3 hours

Vocabulary

Constraint: A limitation or restriction on a design.

Criterion: A requirement for a design.

Insulation: A material that slows the movement of energy. 

Green engineer: An engineer who works to lessen environmental impacts of all kinds of 
engineering projects.

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 problems.

R-value: The measure of heat resistance of a material.

Technology: Any thing designed by people to help solve a problem.
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Background
Green Engineering
Green engineering is the field of engineering that focuses on designing technologies that 
have a minimal impact on the environment. The ideas behind green engineering can be 
applied to any type of engineering project, from designing a new cell phone to electric cars 
to systems for producing energy. 

The challenge presented in this unit (using insulation to keep homes at comfortable 
temperatures) puts a green engineering spin on a materials engineering project. Youths will 
be testing and evaluating different materials to see how well they insulate. They will also be 
presented with the idea that their model represents a shipping container home—a type of 
home people have begun using in part because it is a repurposed structure and, therefore, 
a “green” choice. Because well-insulated homes ultimately require less energy to be heated 
and cooled, and using less energy is beneficial to the environment, the challenge falls within 
the field of green engineering.

Insulation
Insulation works by slowing the movement of heat energy. Imagine a house with the sun 
beating down on the roof. If there is no insulation in the attic, the heat energy from the sun 
will be able to move into the house fairly easily, raising the temperature inside. If effective 
insulation is placed in the attic, the heat energy from the sun will not be able to move into 
the house as quickly. The temperature inside will remain lower. 

As is discussed in this unit, when homes are well-insulated, less energy is required for 
heating and cooling to keep the interior at a comfortable temperature. Because the use of 
energy for heating and cooling often results in some pollution, using insulation ultimately 
helps the environment.

It is not expected that youths will be insulation experts after finishing this unit. Instead, 
youths will have conducted their own experiments and observations about insulation and 
what types of insulation are effective. They might also have some new ideas about how the 
principles of green engineering could be applied to their own homes or other technologies 
they interact with every day. 

Online Resources
For more information about this unit, and other Engineering Everywhere units, visit:
www.engineeringeverywhere.org
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Quantity Item
Non-Consumable Items

1 Engineering Everywhere Special Report DVD
1 Engineering Design Process Poster
1 ice cube tray
1 measuring cup, 1/2 cup
2 gram scales
8 rulers, 12”
8 scissors
8 timers
8 utility knives
9 L brackets, 8 inch
9 light bulbs, 100w
9 stick thermometers, Fahrenheit measure
9 sun lamps

Consumable Items
1 duct tape roll
2 cups, 3-5 oz.
8 deli containers, clear, 16 oz.
8 masking tape rolls
8 sticky note pads
9 cardboard boxes (about 4x4x8”)

10 cups sand
10 transparency sheets
24 graph paper sheets
30 sandwich bags, resealable
45 bubble wrap sheets
45 felt sheets
45 foam sheets
60 construction paper sheets
60 foil sheets, 12” x 12”

106 cotton balls
NOT INCLUDED IN KIT

1 chart paper pad
1 freezer, fridge, or cooler
1 timer

15 markers/crayons

Materials List
This list is prepared for 8 groups of 3 youths.
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National Education Standards
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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

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 
topic links in this unit are noted below. 
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MS-PS1-4 Develop a model that predicts and 
describes changes in particle motion, tempera-
ture, and state of a pure substance when ther-
mal energy is added or removed.

    
MS-PS3-3 Apply scientific principles to design, 
construct, and test a device that either minimiz-
es or maximizes thermal energy transfer.

    
MS-PS3-4 Plan an investigation to determine 
the relationships among the energy transferred, 
the type of matter, the mass, and the change in 
the average kinetic energy of the particles as 
measured by the temperature of the sample.



MS-PS4-2 Develop and use a model to 
describe that waves are reflected, absorbed, or 
transmitted through various objects

    
MS-ESS3-3 Apply scientific principles to design 
a method for monitoring and minimizing a 
human impact on the environment

     
MS-ESS3-5 Ask questions to clarify evidence of 
the factors that have caused the rise in global 
temperatures over the past century


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 activites successfully? This tool w

ill help you keep track of your youths’ successful m
om

ents 
and w

ill ask you to identify how
 your ow

n actions enabled your youths to succeed.

D
ate:  
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Dear Family,                                                                                      Date: _________________

We are beginning an engineering unit called Here Comes the Sun: Engineering Insulated Homes, 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 insulation for a model shipping container home. 

There are many reasons to introduce youth to engineering:
• Engineering projects reinforce topics youth are learning in school. Engaging youth 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. 
• Children 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 green engineering, insulation, 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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Prep Activity 1 Preparation
1. You will need one ice cube available for each group (they represent 

the frozen woolly mammoth). Keep them in the freezer or a cooler 
until groups are ready to use them. 

2. Practice setting up the heat source (the sun lamp) by taping 
down an L bracket and hanging the sun lamp off of the end. See 
directions on p. 2 of the Engineering Notebooks. 

3. Some groups may have trouble taping down their L brackets using 
masking tape. Have the duct tape available for groups that need it.

4. Post the Engineering Design Process poster.

For the whole group
 Engineering Design Process 

     poster
 chart paper
 markers
 1 freezer or cooler
 1 roll of duct tape
 1 timer
 2 cups, 3 oz.
 2 gram scales
 10 construction paper sheets  

 (approx. 5” x 5”)
 10 felt sheets (approx. 5” x 5”)
 10 foam squares (approx. 5” x 5”)
 10 foil sheets (approx. 5” x 5”)

 20 rubber bands

Activity Timing:
Identify:              5 min
Investigate:      10 min
Create:             20 min
Test/Improve:   10 min
Communicate: 10 min

  55 min

21st Century Skill 
Highlight:
Collaboration

Overview: Youths will work together to engineer an insulated transportation tank that 
prevents a frozen woolly mammoth model from melting. 

Note to Educator: The Engineering Design Process introduced to youths during this 
activity is a problem solving process they will be asked to use throughout the rest of the 
unit. The insulated tanks youths engineer are much less important than their interactions 
with each other and building their understanding that they can use the Engineering Design 
Process as a tool to solve lots of different problems.

For each group of 3
 1 clear plastic deli container
 1 ice cube
 1 L bracket, 8 inch
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 sun lamp with bulb
 optional: calculator

For each participant
 Engineering Notebook

Educator  
Preview

Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Prep Activity 1 Materials



Notebook Pages for Prep Activity 1

Criteria and Constraints, p. 2 Engineering Transportation Tanks, p. 3



Youths will learn: 
• they are engineers and they can solve engineering problems.
• the Engineering Design Process is a tool used by engineers to solve problems.

Identify (5 min)
1. Tell youths that during this engineering activity they will all be 

engineers and will design a technology. 
2. Tell youths you learned about a problem you are hoping they 

can help solve. Explain that scientists have discovered a woolly 
mammoth frozen in the ice of Siberia. The scientists need to 
transport the mammoth to their labs, but they do not want any melting 
(which could lead to decomposition) to occur before they get there.

3. Tell youths their goal will be to engineer an insulated transportation 
tank to transport the mammoth and prevent it from melting. 

4. Ask youths:
• How would you describe the problem we are trying to solve? 

We need to create an insulated transportation tank that prevents 
a frozen woolly mammoth from melting. 

Investigate (10 mins)
1. Place youths in groups of 3 or 4. 
2. Before groups begin working, ask:

• Do you have any questions about the problem before you 
begin engineering?

3. Give groups a few minutes to brainstorm questions together. Then 
share the questions with the whole group and record them on a piece 
of chart paper. 

4. If groups have trouble coming up with questions, you might suggest 
the following:
• Are there time or materials limits?
• How will we know if we are successful?
• Do we know anything about insulation that might help us?

5. Show youths the clear plastic deli container and let them know this 
will be their base tank. 

6. Give each youths an Engineering Notebook. Have groups turn to 
Criteria and Constraints, p. 2, to answer some questions about the 
challenge. Be sure youths understand:
• Youths will work in groups.
• The woolly mammoth will be represented by an ice cube.
• Each group will get only 5 items to include in their design. 

3 Engineering Insulated Homes© Museum of Science
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Tip: The main goal 
of this activity is for 
everyone to engage 
in the Engineering 
Design Process. 
The resulting 
transportation tanks 
are not the most 
important part! They 
are simply a way to 
get everyone using 
the Engineering 
Design Process. 

Tip: Criteria and 
constraints come 
up several times 
throughout this unit. 
While it is not critical 
that youths know the 
definition, it can be 
helpful for them to 
have a general sense 
for the terms. 
Criteria: things your 
design needs to do.
Constraints: ways that 
you are limited.

What is Engineering? Activity 
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• Groups can use as much tape as they would like and they can 
also use scissors as a tool.

• Groups will have 20 minutes to engineer their tanks.
• Groups will test by placing tanks under a sun lamp for 5 minutes.
• Groups will weigh their ice cube before testing and after testing to 

see how much weight loss (melt) occurred.
7. If there are questions the group generated that are not addressed 

in their Engineering Notebooks, work as a group to decide on an 
answer.

Imagine, Plan, Create (20 min)
1. Let groups gather their materials.
2. Set the timer for 20 minutes and have groups begin building. 
3. As groups work, circulate around the room. Ask questions like:

• Can you tell me about the tank you are engineering?
• Why do you think your tank will work well?

4. Every 5 minutes, let groups know how much time they have left. 
5. When time is up, have groups step away from their own work and 

observe the tanks other groups created. Ask:
• Can you explain your designs?
• How are the tanks similar or different? Some use similar 

materials, some have materials arranged in different ways.
6. Emphasize that every group engineered a different solution to the 

same problem—and that is great! In engineering, there are always 
multiple solutions to the same problem. 

Test and Improve (10 min)
1. Have each group weigh their ice cube. Place a cup on the scale, tare 

the scale, and weigh the cubes by placing them in the cup.  
2. Set the timer for 5 minutes and have each group place their tank 

under their sun lamp. 
3. After 5 minutes, have each group weigh their ice cube again. 
4. Each group should calculate the percent change in mass, as 

described in their notebooks on p. 3, to understand how well their 
insulated test tank protected the mammoth. Ask:
• What was your percent change?
• How could you improve your tanks if you had more time?

Communicate (10 min)
1. Post the Engineering Design Process poster. Guide groups to reflect 

on the steps they took to reach their goal in this challenge. Ask:
• Which of these steps did you use to engineer your tank? All 

of them!
2. Explain that engineers use a process called the Engineering Design 

Process to help them solve problems. Since everyone in the room 
just engineered an insulated transportation tank, everyone also used 
the Engineering Design Process! 

4 Engineering Insulated Homes© Museum of Science
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Tip: Since this activity 
requires participants 
to interact with one 
another, use the 
opportunity to learn 
about how they 
approach problems 
and teamwork! Are 
there participants 
you feel might work 
well together in a 
group? Participants 
who seem hesitant? 
Could you help create 
groups that capitalize 
on individual 
strengths? 

Tip: Depending on 
your group, you may 
see some youths 
concerned that this 
is a competition they 
need to “win.” Tell 
them that during this 
challenge, and the 
rest of the challenges 
in the unit, youths 
should be working 
towards a personal 
best and learning 
about themselves as 
engineers. 

Tip: Calculating 
percent change in 
this activity is a way 
to help minimize 
issues related to 
groups testing with 
ice cubes of different 
masses. Rather than 
just looking at the 
loss in grams, percent 
change looks at the 
percentage of mass 
lost relative to the 
starting mass. 
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What is Technology?

Prep Activity 2 Preparation
1. Copy and cut out the Technology Match Cards. 
2. Be sure you have enough cards so that each youth gets one card. 

You will also want to be sure that another youth will have the 
match to that card (the two items in the same row are considered 
matches). 

3. Post the Engineering Design Process poster. 

For the whole group
 Engineering Design Process poster
 Technology Match Cards (enough pairs so that each youth will get one  

 card), this guide, pp. 9-17
For each participant

 Engineering Notebook

Activity Timing:
Introduction:       5 min
Investigate:      10 min
Imagine:           20 min
Communicate: 10 min
Reflect:            10 min

  55 min

21st Century Skill 
Highlight:
Critical Thinking

Overview: Youths match pairs of older and more modern technologies, and imagine 
ways to improve the modern version. 

Note to Educator: Many people think of technologies as things that are only electronic, 
or things that are “high-tech.” Technology is actually any thing designed by people to help 
solve a problem or meet a need. 

Educator  
Preview

Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Prep Activity 2 Materials
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Notebook Pages for Prep Activity 2

What is Technology, p. 4 My Engineer Profile, p. 5



Youths will learn: 
• that technology is any thing engineered by people to help solve a problem or meet a 

need.
• engineers design and improve technologies.
• there are opportunities to improve existing technologies. 

Introduction (5 min)
1. Tell youths that today they are again going to be working as 

engineers. They will be thinking about how engineers are involved 
with changing and improving technologies.

2. Guide youths to think about the word technology. Ask:
• What are some technologies you can think of? Record youths 

answers. For now accept all answers. 
3. Tell youths you are going to post a definition of the word technology: 

Any thing that is designed by people to solve a problem or meet 
a need.

4. Ask:
• Based on this definition, do you think people throughout 

history (like the Pilgrims) used technologies? Can you give 
any examples? Yes, things like candles and cooking pots might 
be “old technologies,” but they are still technologies! It is also fine 
if youths are not sure how to answer this yet. 

Investigate (10 min)
1. Tell youths everyone is going to get a card with a technology on it, 

and they will need to find someone with a technology on his or her 
card that matches their card. Some cards will be older technologies 
and others will be modern technologies. 

2. When youths get their cards, they should not share them with 
anyone. They should think about the question:
• What problem does my technology solve? Youths can write 

down the problem their technology solves on What is Technology, 
p. 4 in their Engineering Notebooks 

3. Youths should then try to find a match to their technology. Everyone 
can hold up their card and circulate through the group to try to find a 
technology that solves the same problem.  

4. Once all youths have found a partner, have a few pairs share their 
technology matches. Ask:
• What are the technologies you matched?
• Which technology do you think was engineered first?
• Why do you think the modern technology was engineered? 

Because people were not satisfied with the first technology, the 

7 Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Tip: Using the term 
engineer will help your 
youths become more 
comfortable with it! 
If youths are having 
trouble understanding 
what it means to 
engineer something, 
let them know that 
words like invent, 
design, and improve 
can have a similar 
meaning. 

Tip: A rock, leaf, or 
any other natural 
objects on their own 
are not technologies. 
If people turn those 
objects into tools, 
however, they could 
become technologies! 
For example, using 
a rock to grind corn 
or making it into an 
arrow head makes the 
rock a technology. 

What is Technology? Activity 
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modern technology is even easier to use, etc. 
5. Tell youths that engineers are the people who work to improve 

technologies!

Imagine (20 min)
1. Explain to youths that just as engineers of the past improved the 

older technology in their pair, engineers today may want to improve 
the newer technology!

2. Let youths work with their technology match partners to imagine 
ways to improve their modern technologies. They should record their 
ideas on the Imagine section of What is Technology?, p. 4 in their 
Engineering Notebooks. 

Communicate (10 min)
1. Have each pair leave their Engineering Notebooks open to the 

What is Technology? page, and do a gallery walk. This means that 
everyone will walk around the room and take some time to look at the 
work of others so everyone can see the improvements other groups 
imagined. 

2. After the gallery walk, ask: 
• Which of the improvement ideas you saw surprised you?
• Are there other technologies in your life that you think 

engineers should improve? Why?

Reflect (10 min)
1. Guide the group to look at the Engineering Design Process poster. 

Ask:
• Which steps of the Engineering Design Process do you feel 

you used the most today? Imagine, improve
2. Explain that now that youths have had a few chances to engineer, 

they should fill out their Engineer Profile, p. 5, and reflect on 
engineering skills they feel are strengths for them, and any 
engineering skills they would like to work on throughout the rest of 
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 Insulated Homes© Museum of Science
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Tip: As youths are 
imagining, encourage 
them to be really 
creative and push 
their thinking about 
what parts of their 
technology they might 
improve, or come up 
with a brand new way 
to solve the problem 
their older and 
modern technologies 
solve. 

Tip: If you have more 
time, let youths use 
craft materials to 
engineer a prototype 
of the improved 
technology they 
imagined. 

Tip: Gallery walks 
are used as a sharing 
strategy several times 
throughout this unit. If 
your program tends to 
use another method 
for sharing with peers, 
feel free to substitute 
a different type of 
share-out.
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GPS Compass

Abacus Calculator
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Fire Microwave

Motorcycle Bike
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Shoe Laces Velcro

CD Record
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Coin Credit Card

Sewing Machine Needle and Thread
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Hourglass Stopwatch

Water Pump City Water System
17 Engineering Insulated Homes© Museum of Science
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Activity 1 Preparation
1. Set out materials that will be available to the group. 
2. Be sure you have access to a computer or smartphone to show 

the context-setting video Engineering Everywhere Special Report 
(9:10): http://tinyurl.com/m24nn88.

3. It is suggested that youths use empty cardboard boxes (such 
as cracker or pasta boxes) as their model homes. If you cannot 
gather empty boxes of the same size, plan to have groups fold 
their own model homes from posterboard. You will need to create a 
posterboard template before starting this activity. Directions for this 
can be found on Engineering Notebook p. 23.

4. Groups will use the same L brackets to support their sun lamps that 
they used during Prep Activity 1. Have duct tape available to help 
groups secure their L brackets.

5. Post the Engineering Design Process poster. 

For the whole group
 Engineering Design Process 

     poster
 Engineering Everywhere Special  

 Report video
 computer or smartphones  

 able to play video
 1 roll of duct tape

For each group of 3
 1 empty cardboard box (about  

 6”x6”x8”) OR 1 sheet of poster- 
 board and Box Template,  
 Engineering Notebook, p. 23

Activity Timing:
Identify:            10 min
Make Models:  40 min
Reflect:            10 min

60 min

21st Century Skill 
Highlight:
Critical Thinking

Overview: Youths will be introduced to the main challenge of the unit: engineering well-
insulated model homes. 

Note to Educator: To create the model homes used throughout this unit, you can 
either gather small empty cardboard food boxes that are all about the same size (pasta or 
cracker boxes work well) or have youths fold their own boxes out of posterboard using Box 
Template, p. 23 of their Engineering Notebooks. 

 1 L bracket
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 stick thermometer 
 1 sun lamp with 100 watt bulb
 1 timer

For each participant
 Engineering Notebook

Educator  
Preview

Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Activity 1 Materials



Notebook Pages for Activity 1

Optional Page

Shipping Container Homes, 
p. 6

Model Homes, p. 8Shipping Container Homes, 
p. 7

Here Comes the Sun, p. 9 Box Template, p. 23



Youths will learn: 
• it takes less energy to keep a well-insulated home at a comfortable temperature inside. 
• we can use models to explore how heat affects the temperature inside homes. 
• when a home does not have insulation it is easy for heat energy to move in and out.

Identify: A Green Engineering Challenge (10 min)
1. Explain to youths that today they will learn about the engineering 

challenge they will be working on for the rest of this unit. 
2. Tell youths you have a video that explains this important global 

engineering problem. Show groups the video Engineering 
Everywhere Special Report (9:10): http://tinyurl.com/m24nn88. 

3. When the video has finished, ask:
• What does it mean for a home to be well-insulated? It means 

the home stays at a comfortable temperature inside no matter 
what the temperature is outside, that it is difficult for heat to pass 
through the walls.

• Why do you think engineering insulated homes is important? 
So energy is not being wasted to heat or cool a home and the 
environment is not impacted as much. 

4. Tell youths that their challenge will be to explore insulation for a 
new type of home being built by people all over the world: shipping 
container homes. Ask:
• Has anyone heard of shipping container homes? What do 

you know about them? It is fine if youths have not heard of 
shipping container homes. They may know shipping containers 
are used to transport goods on cargo ships. People have started 
re-purposing old shipping containers as homes. 

5. Have the group look at and review Shipping Container Homes, pp. 
6-7 in their Engineering Notebooks. Explain that they will explore 
insulation for shipping container homes using a model. 

Make Models (40 min)
1. Place youths in groups of 3. Tell groups that they are now going to 

explore their model shipping container homes and investigate the 
temperature inside when there is no insulation. Ask:
• Do you have any ideas about how we might model a home 

and heat energy? Use a small box for the home, a light or heat 
source to model heat energy from the sun. It is fine if youths do 
not have any ideas about this for now.

2. Remind youths of the sun lamps they used in Prep Activity 1 and 
let them know these will be used to model the sun. Let them know 
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Tip: If your group is 
not familiar with what 
models are, share the 
definition with them. 
Model: a 
representation of 
something else. It 
might be a small 
version of another 
object or system.
Ask them if they can 
think of any models. 
Examples of models 
you might share with 
them include: models 
of the solar system, 
small car or airplane 
models, or model 
homes. 
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they will use a cardboard box to model a shipping container home, 
and stick thermometers to measure any change in temperature (see 
Safety Tip to the left).

3. Have youths turn to Model Homes, p. 8 in their Engineering 
Notebooks, for directions on setting up their experiment. If your group 
will need to create their own models by folding posterboard, they 
should follow the directions on Engineering Notebook p. 23 to create 
their model homes. 

4. Some groups may have difficulty creating their models or testing 
setup. Circulate through the room, helping groups that have 
questions. 

5. When groups are done creating their model home, have them turn 
on the sun lamp and let them experiment with how it affects the 
temperature inside the model home (be sure they have inserted the 
thermometer) Have groups record findings on Here Comes the Sun, 
p. 9. 

Reflect (10 min)
1. Have groups look around at the way the testing stations have been 

set up. Ask:
• How did the sun lamp affect the temperature inside the model 

home? It made the temperature rise, the air inside became 
warmer, etc. 

• Did we all test the effect of the sun lamp on our models in 
the same way, or different ways? Likely there will have been 
variations in the testing setups, such as the amount of distance 
between the edge of the sun lamp and the top of the model 
homes. Let groups know you will think about this more during the 
next activity. 

• Does anyone have ideas for how we might insulate our model 
homes? For now accept all answers.

2. Have groups label their model homes with their names or initials. 
3. Let youths know that when they eventually create their final insulation 

designs, they will need to purchase all the materials they use with 
Insulation Bucks. They will have the chance to earn Insulation Bucks 
throughout the activities they complete in the unit. 

4. Give youths a few moments to record possible insulation ideas in 
their Engineering Notebooks on the bottom of Here Comes the Sun, 
p. 9. Recording their ideas will prepare them to begin testing different 
types of insulation during the next activity. 
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Tip: If youths have 
not had a lot of 
experience using 
thermometers, take 
some time to show 
them how they work 
and how to read 
them. Place one in 
cold water and one 
in hot water. Have 
youths watch how 
the liquid inside 
the thermometer 
moves to indicate 
the temperature and 
practice reading the 
temperature. 

Safety Tip: Youths 
should not touch the 
sun lamps while they 
are on, and should not 
shine them in other 
people’s eyes. 

Safety Tip: The 
stick thermometers 
are made of glass. 
Remind youths to 
handle them with 
care!

Tip: Note that at this 
point it is not critical 
to get into the idea of 
controlling variables 
unless it is brought 
up by youths. You’ll 
discuss it more in the 
next activity. 
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Activity 2 Preparation
1. Set out materials that will be available to the group. 
2. Fill 1 of the resealable sandwich bags with 1/2 cup of sand and 

close it. Fill the other bag with the 6 cotton balls and close it.
3. Make an Insulation Data Chart as shown on the next page. 
4. Post the Engineering Design Process poster. 

For the whole group
 Engineering Design Process 

     poster
  1/2 cup measure
  1/2 cup sand
  1 L bracket
  1 roll of duct tape
  1 stick thermometer
  1 sun lamp with bulb
  2 resealable sandwich bags
  5 bubble wrap sheets
  5 sheets of felt
 5 sheets of foam
  6 cotton balls
  20 sheets of construction paper
 20 sheets of foil

Activity Timing:
Investigate:      15 min
Experiment Set-up:
   10 min
Investigate Again: 
                         20 min
Reflect:            15 min

60 min

21st Century Skill 
Highlight:
Critical Thinking

Overview: Youths will get the chance to investigate a few materials to see how well they 
insulate their model homes.  

Note to Educator: This activity should be an open-ended investigation of insulation 
materials. It is not the goal for youths to understand exactly how insulation works, but 
rather understand that it can help keep the temperature inside their model homes stable 
as compared to a control model home that has no insulation. Youths should come to this 
understanding based on their own observations during today’s investigation. Save the 
Insulation Data Chart created during this activty for use later in the unit. 

  Global Homes Cards, this  
     guide, p. 27-35

 optional: other insulation  
 materials such as sandwich  
 bags filled with soil, fabrics,  
     shredded newspaper, etc.
For each group of 3

 1 L bracket
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 stick thermometer
 1 sun lamp with bulb
 1 timer

For each participant
 Engineering Notebook

Educator  
Preview

Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Activity 2 Materials



Insulation Data Chart
Insulation Material Change in Temperature Over 10 

Minutes
Notes

Control (no insulation)

Notebook Pages for Activity 2

Chart for Activity 2

Investigating Insulation, p. 10 Insulation Word Search, p. 11



Youths will learn: 
• that some insulation materials are more or less effective than others.   
• a variety of insulation types are used throughout the world. 

Investigate (15 min)
1. Review what was done during the last activity by referring to the 

Engineering Design Process poster. Ask:
• Can someone share what step of the Engineering Design 

Process we focused on last time, and what we did? We 
identified the problem by watching a video. As part of the 
investigate step we began investigating how heat can affect the 
temperature inside a model shipping container home with no 
insulation. 

2. Have groups reflect on findings from the last activity. Ask: 
• What happens to the temperature in the model shipping 

container home when the sun lamp is turned on? The 
temperature goes up!

• What types of insulation do you know about? Do you know 
what type of insulation might be in your home? Youths may 
have heard of fiberglass insulation; cellulose (paper) and spray 
foam were mentioned in the video from Activity 1. 

3. Tell youths that there are many different types of insulation used in 
homes, and you have some examples of insulation types used in 
homes from around the world. Pass out the Global Homes Cards and 
give groups time to review them. 

Experiment Set-up (10 min)
1. Let groups know they will now get a chance to investigate the 

effectiveness of some different types of insulation. Ask: 
• Do you have any ideas about how we might test and compare 

different types of insulation? 
2. Tell groups that one possible setup for the experiment is suggested 

on Investigating Insulation, p. 10 of their Engineering Notebooks. 
The sun lamp shines on a piece of insulation with a thermometer 
underneath. Taking temperature readings at regular intervals will 
reveal how well the insulation material “protects” or insulates the 
thermometer. Ask:
• What variables or parts of our experiment do you think might 

be important to control or keep the same? The distance 
between the heat source and the insulation, the amount of time 
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Tip: If youths are 
not sure what 
type of insulation 
might be in their 
homes, encourage 
them to ask their 
parents or building 
superintendent if they 
know, or ask if there’s 
a space within the 
building (an attic or 
crawlspace) where 
they could actually 
see the insulation in 
the building. 

Tip: The control will 
need to be tested 
along with all groups 
designs during each 
activity. The control 
is an important way 
to create a baseline 
comparison. Having 
the control will help 
youths judge the 
success of their 
engineering designs. 
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Guide

• Do you 
have ideas 
about how 
we might 
Investigate 
insulation? 
Record 
participants’ 
suggestions 



you are collecting data for, the intervals at which you collect data. 
3. Come to a consensus on the following questions in order to help 

standardize the experimental procedure:
• How far should the sun lamp be from the insulation? We 

recommend about 5 inches.
• How long should insulation be under the sun lamp? We 

recommend about 6-10 minutes. 
• How thick should the layer of insulation be? We recommend 

1/8 of an inch.
• How often should we take temperature readings? We 

recommend every 1-2 minutes.
• Should we have a control? If so, how would we set it up 

and gather data on it? Yes, it should be the same as the other 
insulation tests, but with no insulation. Just the thermometer under 
the sun lamp.

Investigate Again! (20 min)
1. Break youths into groups of three. 
2. Once the experimental procedures have been agreed upon, explain 

that groups will have a few minutes to decide which insulation 
materials they would like to investigate: felt, construction paper, foam, 
foil, cotton balls, sand, or bubble wrap. 

3. Each group should take charge of one material and be responsible 
for the testing and data recording related to it. Assure groups they will 
eventually get to use multiple materials, but for now each group will 
just take charge of looking at one material. Ask:
• Why do you think it might be useful to have each group 

focus on testing just one material for now? If we look at each 
material on its own, we can see how much it might impact our final 
designs. Testing two materials at once is testing two variables. 

4. As youths are testing, they can complete the Insulation Word 
Search, p. 11, in their Engineering Journals. Let them know that by 
completing the word search, they will earn $500 in Insulation Bucks 
to buy materials for their final design. Note you can record team’s 
Insulation Bucks earnings on the last page of this guide, p. 53.

5. Once groups have finished gathering their data, they should record 
findings on the Insulation Data Chart. 

Reflect (15 min)
1. Once all groups have recorded findings, ask:

• What types of insulation worked best? What types did not 
work as well?

• Do these findings give you any information on materials you 
would or would not want to include in your final design?

2. Be sure to save the Insulation Data Chart to post during the next 
activity. 
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Tip: If possible have 
at least one group test 
each material. 

Tip: The group testing 
the sand should lay 
the bag flat and try 
to spread the sand 
evenly in the bag. 
The group testing the 
cotton balls may want 
to pull apart the balls 
so that the cotton lays 
flat. 

Tip: If you have 
different colors of 
construction paper 
or foam, youths may 
wonder if the colors 
will affect their data. 
Encourage this kind 
of thinking and point 
out color is another 
variable! If there’s 
time, have them 
explore this by testing 
two different colors of 
construction paper or 
foam on two model 
homes. 

Tip: It is not the 
goal of this lesson 
to conduct a perfect 
experiment, but 
rather to practice 
setting up controlled 
experiments, 
recording data, and 
reporting findings. 



Global Home Cards

Rondavels of Botswana

Rondavels are often made from materials that are locally available. 
The walls might be made with rocks, cement blocks, or bricks held 
together with mud or sand mortar. The walls tend to be several inches 
thick, which helps to insulate the homes. The roofs of rondavels can be 
made from thatch (similar to straw) or human-made materials created 
specifically to fit the round shape of the exterior walls. 
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Global Home Cards

The Cueva Homes 
of Andalucia, Spain

The Spanish word cueva means cave in English. Cave homes can be 
carved out of clay, creating walls made of earth. While cave homes have 
been used since ancient times, modern cave homes can have running water 
and electricity. The thickness and earth material of the walls can provide 
great insulation. 
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Global Home Cards

Half-timbered Houses of Germany

Because forests and trees covered many parts of Germany, half-timber frame homes using wooden 
beams to form the structure were common. Just as the name says, the frames for the walls were 
constructed with wood (timber) and the spaces in between the beams were filled with plaster or brick 
as insulation.

While half timber frame houses might look quaint or like they are antiques, a German professor 
of architecture has recently proposed a very modern use for this type of building—as earthquake 
resistant structures. Because of the diagonal beams, the homes are braced and do not fall apart 
during earthquakes the way concrete buildings might.1 

1 http://www.dw.de/german-building-style-protects-against-quakes/a-16251856
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Gers of Mongolia

Since traditional Mongolian gers were used by nomadic people who needed 
to easily transport their homes, gers are easy to take apart and reconstruct. 
The base of the structure is a wooden frame that can collapse down (kind 
of like an accordion) so it is easy to carry. The walls of the ger are created 
using layered pieces of fabric or blankets. They can be rolled up to allow air 
to pass through, or layered thickly to prevent the movement of air. 

Global Home Cards
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Superadobe Structures
Global Home Cards

Superadobe structures were originally imagined by an architect named Nader Khalili. He had 
an idea for creating structures out of bags of earth (sandbags) and barbed wire. The barbed 
wire acts like mortar because it grips the bags and holds them in place. The bags of earth 
themselves act as insulation.

Khalili first thought about using Superadobe structures when NASA expressed interest 
in thinking about structures that could be built on the Moon or on Mars. Superadobe was 
actually used to create shelters during the Persian Gulf War. When refugees were sent 
to Iran, branches of the United Nations used this type of construction to build emergency 
housing. 
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Activity 3 Preparation
1. Post the Engineering Design Process poster. 
2. Have graph paper ready for youths to use. 

For the whole group
 Engineering Design Process poster
 1 roll of tape
 colored pencils (optional)

For each participant
 2-3 sheets of graph paper
 Engineering Notebook

Activity Timing:
Introduction:     10 min
Imagine  40 min
Reflect:            10 min

60 min

21st Century Skill 
Highlight:
Creativity

Overview: Youths will explore how they might arrange their belongings in a shipping 
container home. 

Note to Educator: While this activity does not deal directly with insulation and insulating 
the model shipping container homes, it does ask youths to think about what it would be like 
to live in a shipping container home. Because space is very limited, it is not possible to add 
thick layers of insulation within the walls of shipping containers. Thinking creatively about 
all aspects of shipping container homes, including the insulation choices, is very important. 

Educator  
Preview

Engineering Insulated Homes© Museum of Science
Engineering Everywhere

Activity 3 Materials



Notebook Pages for Activity 3

Shipping Container Home Spaces, p. 12 My Shipping Container Floor Plan, p. 13

Insulation Crossword, p. 14



Youths will learn: 
• the size and shape of a home can influence what you decide to put inside and how you 

arrange things inside. 
• because shipping container homes are small, where insulation is placed and how thick 

the insulation is becomes very important. 

Introduction (10 min)
1. Review what was done during the last activity. Ask:

• Can someone share what step of the Engineering Design 
Process we focused on during the last activity, and what 
we did? We investigated how well different materials worked as 
insulation.

• How did we know if there had been a large or small change in 
the temperature? We compared the change in temperature to a 
control with no insulation.  

2. Tell youths that today they will get the chance to think about what 
it would be like to live inside a shipping container home and why 
it is important to think carefully about the space inside, how much 
insulation you are adding, and where you are putting it. 

3. Have youths turn to Shipping Container Home Spaces, p. 12 in their 
notebooks. After youths have had a chance to look at the images, 
ask:
• What do you think it would be like to live in a shipping 

container home? 

Imagine (40 min)
1. Let youths know that they will now get a chance to think about how 

they might live in a shipping container home. Remind youths that 
most shipping containers are 40 feet long and 8 feet wide. That’s 320 
square feet—about the size of a standard school bus. 

2. Point out to youths that the average footprint for some standard 
appliances and pieces of furniture are also listed in their notebooks. 

3. Pass out graph paper and let youths know they will be in charge of 
drawing the floor plan of their shipping container homes, creating a 
scale, and drawing the placement of their appliances and furniture 
inside the floor plan. 

Reflect (10 min)
1. Again, have a few campers share what they drew (and do a gallery 

walk if there is time). Ask:
• Were there any trade-offs you thought about when laying out 

your shipping container home? You might want to have a lot of 
furniture and/or appliances, but there just is not that much space. 
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Tip: Some youths 
might struggle with 
the idea of scale as 
they are creating their 
floor plans. There 
is a note at the end 
of p. 12 in youths’ 
notebooks about 
some scales that 
might make drawing 
easier. 
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You need to decide what things are most important. 
• What do you think you would tell a family of four about the 

possibility of living in a shipping container home? It would 
be very tight! You would probably have to put several together in 
order to make it work.

• What would happen if you tried to add a foot of insulation all 
the way around the shipping container? Where would you 
suggest it go? Adding a foot of insulation to the walls on the 
inside of the container would drastically reduce the space. It might 
be better to put the insulation on the outside of the house, or find 
an insulation that is effective even in thin layers. 

2. Explain that during the next session, groups will begin working on the 
imagine, plan, and create steps of the Engineering Design Process. 
They will be able to imagine and plan changes to their model homes 
and the type of insulation they would like to add.

3. Give youths time to tape their graph paper floor plans onto My 
Shipping Container Floor Plan, p. 13. 

4. With additional time, let youths complete Insulation Crossword, p. 14 
in their Engineering Notebooks, to earn more Insulation Bucks for 
their final design. 
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Tip: If you have a 
lot of extra time after 
today’s activity, you 
might give youths 
some time to go 
outdoors and gather 
natural materials 
(leaves, soil, etc.) that 
they would like to try 
as insulators in future 
activities. 
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Activity 4 Preparation
1. Set out materials that will be available to groups at a Materials 

Store. You may also want to post the cost of each material (see 
Engineering Challenge Details, Engineering Notebooks, p. 15).

2. Post the Insulation Data Chart created during Activity 2. 
3. Create a Results Board like the one shown on the next page. 
4. Create 1 extra model home by gathering an extra empty cracker 

or pasta box, or folding an extra box from posterboard. This will be 
your original model home control during insulation experiments. 

5. Post the Engineering Design Process poster.
6. Post the Your Goal sheet as shown on the next page. 

For the whole group
 Engineering Design Process 

     poster
  1/2 cup measure
  1 extra model home (the control)
 1 roll of duct tape
  1 x-acto knife
  10 cups of sand
  10 transparency sheets
  30 resealable sandwich bags
  40 sheets of bubble wrap
  40 sheets of construction paper
  40 sheets of felt
 40 sheets of foam
 40 sheets of foil
  100 cotton balls

Activity Timing:
Introduction:     10 min
Imagine, Plan, Create:  
                         20 min
Test:                 20 min
Reflect:            10 min

60 min

21st Century Skill 
Highlight:
Collaboration

Overview: Youths will use what they have learned about insulation and the Engineering 
Design Process to engineer a well-insulated model shipping container home. 

Note to Educator: In this activity youths will get the chance to begin combining 
insulation materials, as well as possibly making changes to the size, shape, or structure 
of their model homes. During this activity, your role will be to support groups as they take 
charge of their designs, rather than to facilitate the activity. Encouraging groups to imagine, 
push their thinking, and ask good questions will be important parts of your role today. 

For each group of 3
 1 L bracket
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 stick thermometer
 1 sun lamp with bulb
 1 timer
 1-2 model homes (empty  

 boxes or poster board  
 template models)
For each participant

 Engineering Notebook

Educator  
Preview
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Activity 4 Materials



Results Board
Shipping container 
home size (# of 
boxes)

Insulation materials used Cost Change in temperature over 10 
minutes
Control test Insulated test

1 shipping container None (control home) $0.00

Notebook Pages for Activity 4

Chart for Activity 4

Your Goal:
To use insulation to engineer a model home that stays at a comfortable temperature inside no 
matter how high or low the temperature gets outside. 

Engineering Challenge  
Details, p. 15

Testing, p. 17Plan Your Model, p. 16



Youths will learn: 
• the Engineering Design Process can help guide them to a successful solution. 
• applying what they have learned about insulation can help them create a model 

shipping container home that remains at a stable temperature. 
• working as a team is an important part of engineering their well-insulated model 

shipping container homes. 

Introduction (10 min)
1. Explain that today youths will begin engineering their insulated model 

shipping container homes.
2. Remind youths of their goal and how they will test, ask:

• Can someone remind us what our goal is? To use insulation 
to engineer a model shipping container home that stays at a 
comfortable temperature inside no matter how high or low the 
temperature gets outside.  

3. Have groups look at Engineering Challenge Details, p. 15 in their 
Engineering Notebooks, to review some criteria and constraints for 
their challenge: 
• Groups will get to decide whether they are creating a model 

shipping container home for 1, 2, or 3 people. 
• They can have up to 2 boxes to use and combine as their model 

home. 
• Because youths can make changes to their model homes in this 

lesson (such as adding doors or windows), they will need to take a 
control reading of their design before adding any insulation. They 
should then add insulation and perform the test again. 

• Explain that when they complete their plan, they will need to 
calculate their insulation costs. Their goal will be to keep the cost 
as low as possible. 

4. Let groups know that as they work to engineer their insulated model 
home designs, they can use any combination of insulators they would 
like, and can also change the shape and size of their model homes, 
add windows or doors, change the shape of the roof, or add more 
stories. Ask:
• How do you think your insulation cost might be affected by 

using a very large model home? We might need to buy more 
insulation for a larger home, so our cost would go up. 

• Do you think there are ways to ‘get more for our money’ with 
insulation? What might you suggest? We might try combining 
two good insulators to see if they become even better. We might 
try using layers to make air pockets to create “free” insulation. 
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Safety Tip: Youths 
may make many 
changes to their 
model homes in this 
lesson. If they decide 
to add windows, 
doors, or other holes 
to their models 
they may need to 
use x-acto knives. 
Warn youths to be 
especially careful 
when using these 
knives. Any sharp 
tools must be used 
responsibly!
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Imagine, Plan, Create (20 min)
1. Give groups a few minutes to decide how many people will live in 

their model homes and discuss insulation possibilities. Encourage 
them to also look at insulation costs to get a sense for how much 
their ideas would cost.

2. Group members should try to combine ideas and record one idea on 
Plan Your Model, p. 16 in their Engineering Notebooks, including a 
materials lists and total cost for their insulation.

3. Let groups know that they can begin to create the design from their 
plan by visiting the materials table to gather what they need. 

4. As groups are building, circulate throughout the room. Ask:
• How many people will live in your model home?
• Why did you choose these insulation materials?

5. If groups find they are making small changes to their design as they 
create it (or troubleshooting small problems) they should be sure to 
record that on their plan. 

6. As groups are ready to test, encourage them to do a “control” test of 
their new model home (meaning recording the change in temperature 
when no insulation has been added to the home) prior to testing their 
insulation design. Ask:
• Why do you think it might be important to do a control test 

on your new model home? Once groups change the size and 
shape of their homes you cannot really compare them to the 
original control home. 

Test (20 min)
1. Once groups have added insulation to their homes, they should 

test their insulated homes and record findings in their Engineering 
Notebooks on Testing, p. 17. 

2. You will also need to have one group or youth volunteer to test the 
control model home. 

3. Show groups the Results Board that you created during the 
Preparation time for today. Let them know that they should record 
their change in temperature data on the chart after testing.

Reflect (10 min)
1. Review change in temperature findings posted on the Results Board.
2. Encourage a few groups to share their results. Ask:

• What was your recorded change in temperature?
• What insulation materials did you use?
• What parts of your design worked well? What needs 

improvement?
3. Let groups know that if they did not have time to test their designs 

today, they will have plenty of time to do so during the next session, 
but that there will be a twist to the testing they will do during the next 
activity. They will not use sunlamps to test during the next activity. 
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Tip: While groups 
can choose to add 
no windows or doors 
to their models, you 
might ask them to 
consider whether 
many people would 
choose to live in a 
home without those 
features! 

Tip: Encourage 
groups to use the 
transparency sheets 
to mimic glass in 
windows they may 
choose to add to their 
models. 

Tip: You may want 
to have a more in-
depth discussion with 
youths about why 
it is important to do 
a control test with 
their new models. As 
groups change the 
size of their models, 
or add windows and 
doors, the control box 
used previously may 
not necessarily match 
their models. 

Tip: If you live in a 
particularly warm 
area, you may want 
to challenge youths to 
try placing their model 
home between two 
sunlamps or use a 
higher watt bulb in the 
sunlamp for an added 
challenge.
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Activity 5 Preparation
1. Set out all materials at the Materials Store.
2. Clear out some space in your program’s fridge or freezer, or place 

ice in a large cooler.
3. Create a new Low Temperature Results Board as shown on the 

next page. 
4. Post the Engineering Design Process poster.

For the whole group
 Engineering Design Process 

     poster
 access to a fridge, freezer, or  

 cooler with room for the model  
 homes inside

  1/2 cup measure
  1 extra model home (the control)

For each group of 3
 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 small cardboard box
 1 stick thermometer
 1 sun lamp with bulb
 1 timer

Activity Timing:
Introduction:       5 min
Improve:           20 min
Test:                 25 min
Communicate: 10 min

60 min
21st Century Skill 
Highlight:
Critical Thinking

Overview: Youths will improve the insulation of their model homes and be introduced to 
a new test for their models: testing in low temperatures. They will also think about how they 
will present their designs and knowledge of the Engineering Design Process during the 
Engineering Showcase. 

Note to Educator: In this activity youths are challenged to test their insulated model 
homes inside a fridge or other cold space rather than under sun lamps. This will help to 
reinforce the idea that insulation can help protect against high and low temperatures. It also 
adds an exciting new twist to the testing.

Insulation materials leftover from 
Activity 4

  10 cups of sand
  10 transparency sheets
  30 resealable sandwich bags
  40 sheets of bubble wrap
  40 sheets of construction paper
  40 sheets of felt
 40 sheets of foam
 40 sheets of foil
  100 cotton balls

For each participant
 Engineering Notebook

Educator  
Preview
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Notebook Pages for Activity 5

Chart for Activity 5

Low Temperature Results Board
Shipping container 
home size (# of 
boxes)

Insulation materials used Cost Change in temperature over 10 
minutes
Control test Insulated test

1 shipping container None (control home) $0.00

Improve, p. 18 Communicate, p. 19



Youths will learn: 
• the Engineering Design Process can help guide them to a successful solution. 
• designs do not always work the first time; engineers learn from their failures. 
• insulation can help protect against both high and low temperatures.

Introduction (5 min)
1. Let groups know that they will have about 20 minutes to make any 

final improvements to their insulation designs and then the groups 
will test in a different way than in past activities.

2. Rather than using the sun lamp to test the effectiveness of their 
model home insulation, groups will be testing in low temperatures—
by placing their models in a refrigerator. Ask:
• Does anyone have predictions about how the change in 

temperature of our models might be affected by this change 
in testing? Groups can record predictions on Improve, p. 18 of 
their Engineering Notebooks.

Improve (20 min)
1. Give groups time to continue improving their designs.
2. Try to keep an eye out for groups that might be having difficulties. 

You can assist them, or, if possible see if you can match them up 
with another group of consulting engineers who might be able to offer 
them some advice or help.

3. Remind groups to record changes to their design on Plan Your 
Model, p. 16.

4. The whole group will begin their low temperature testing at the same 
time. Let groups know when they have about five minutes before they 
will need to be ready to test. 

5. Before testing, ask youths to think about whether they will need to do 
a control test in the low temperature environment. Ask:
• What kind of control testing might we need to do in the low 

temperature? Just like we did with the high temperatures and the 
sun lamp, we should test the model homes without insulation as a 
control. 

6. Let youths know that if it is possible for them to remove their 
insulation and do a control test of their model shipping container 
homes, they should plan to do so. If removing the insulation would 
destroy their home design, they should just perform one test 
including the insulation, and will have to rely on data from the original 
group control and the resulting change in temperature inside their 
model to gauge success.
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Test (25 min)
1. Bring all groups to the low temperature testing area.
2. Place all model homes in the fridge for the control test. 
3. Start the timer. Open the door each time groups need to take a 

temperature reading. They can record findings on Improve, p. 18. 
4. Give groups a few moments to place their insulation on their homes 

and begin the test again. 
5. After each reading, ask:

• Does your data support the prediction you made about 
testing in low temperatures?

6. Once readings have been taken every two minutes for 10 minutes, 
remove the models.

7. Remind groups to be sure they post results on the Low Temperature 
Results Board.

Communicate (10 min)
1. Have groups review the results board. Be sure to point out the 

change in temperature of the control model. Ask:
• What do our findings tell us about testing our model home 

insulation in low temperatures? Homes that were better 
insulated than the control in high temperatures were also better 
insulated than the control in low temperatures. 

• What have we learned about insulation in high or low 
temperatures? Insulation works in both high and low 
temperatures!

2. Have groups think about their designs as technology. You may need 
to remind them of the definition of technology (any thing that people 
create to solve a problem or meet a need). Ask:
• Are our insulation designs technology? Why? Yes, insulation 

solves the problem of keeping us comfortable in our homes and 
also helps us use less energy, which helps the environment!

3. Remind groups that they will be presenting during the next activity. 
They will need to share information about their engineering challenge 
with people who are not familiar with the problem. Ask:
• What information might we want to be sure we share with 

the people who will be visiting? Information about shipping 
container homes, how many people our homes are designed 
for, change in temperature of our insulated model homes as 
compared to the control, the materials we used in our design, the 
steps of the Engineering Design Process we used, etc.

4. Tell youths that they will be presenting in the form of a gallery walk, 
meaning they will have their insulated model home designs out for 
others to look at, and people will be able to walk around the room to 
see different designs. 

5. Give youths a few moments to record presentation ideas on 
Communicate, p. 19 in their Engineering Notebooks. 
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Activity 6 Preparation
1. Post the Engineering Design Process poster and the Results 

Boards youths have been adding to throughout the week. 
2. Post the goal chart as shown on the next page.

For the whole group
 Engineering Design Process poster
 Results Board and Low Temperature Results Board from activities 

     throughout the unit

 access to fridge or cooler (optional)
For each group of 3
	 finished	insulated	model	home	designs

 1 L bracket

 1 pair of scissors
 1 roll of masking tape
 1 ruler
 1 stick thermometer
 1 sun lamp with bulb
 1 timer

For each participant
 Engineering Notebook

Activity Timing:
Identify:            10 min
Investigate:      25 min
Reflect:												15	min

50 min

21st Century Skill 
Highlight:
Communication

Overview: Youths will share the insulated model shipping container homes they 
engineered. 

Note to Educator: The showcase is a chance for youths to share the engineering work 
they have done over the course of the unit. If possible, invite parents, other youths in the 
program, or staff to see what the group has engineered. 

Educator  
Preview
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Chart for Activity 6

Notebook Pages for Activity 6

Results boards from Activity 4 and 5:

Results Board
Shipping container 
home size (# of 
boxes)

Insulation materials used Cost Change in temperature over 10 
minutes
Control test Insulated test

1 shipping container None (control home) $0.00

My Engineer Profile 2, p. 20



Youths will learn: 
• communicating to others is an important part of the Engineering Design Process. 
• as engineers, they have valuable knowledge to share about the problem they have 

solved. 

Introduction (10 min)
1. Remind groups that today they will be communicating to others about 

the insulated model shipping homes they engineered. Ask:
• What are some of the important ideas about the insulated 

model homes we engineered that we would like to share? 
That insulation can help in both low and high temperatures, why 
conserving energy is important, how we used the Engineering 
Design Process, things to consider when insulating shipping 
containers. 

Communicate (25 min)
1. Give groups a few minutes to set up their model shipping container 

homes. 
2. Remind them that the engineering showcase will be done in a gallery 

walk format. At least one of their group members needs to be at their 
station at all times to answer questions. Group members should trade 
off standing at the station, since all group members should get the 
chance to visit the stations of other groups.

3. Let visitors spend time in the showcase and encourage them to ask 
questions of the engineers who created each insulation design. 

Reflect (15 min)
1. Gather the whole group together. Ask:

• Were there any models you saw that surprised you?
• According to the data, which models were the most well-

insulated? 
• How do you think you would improve your model if you had 

more time?
• What advice about insulation would you give people thinking 

about living in a shipping container home? 
2. Encourage	groups	to	reflect	on	the	Engineering	Design	Process.	Ask:

• Which steps of the Engineering Design Process were most 
helpful to you? 

• Can you Imagine other problems you might solve using the 
Engineering Design Process? 

3. Congratulate groups on their green engineering work. 
4. Give youths time to complete My Engineer Profile 2, p. 20 in their 
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Engineering	Notebooks.	Giving	youths	time	to	record	their	final	
thoughts	will	help	them	reflect	on	and	wrap	up	the	experiences	they	
have had throughout the unit. 
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Use the chart below to help you keep track of the amount of Insulation 
Bucks earned by each team. 

Insulation Bucks Tracker

Team Completed Word 
Search? $500

Completed 
Crossword? $500

Total

53 Engineering Insulated Homes© Museum of Science
Engineering Everywhere




	0 front matter 2015_1 MCH
	1. PrepActivity1 2015_1 MCH
	2. PrepActivity 2 2015_1 MCH
	3. Activity 1 2015_2_27 MCH
	4. Activity 2 2015_1 MCH
	5. Activity 3 2015_2_27 MCH
	6. Activity 4 Create 2015_1 MCH
	7. Activity 5 Improve 2015_1 MCH
	8. Activity 6 Communicate 2014_11_13 MCH

