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Good morning, I’m Bob Bachelder. I’ve led one of Massachusetts’ oldest charitable 
institution for many years. Nearly a decade ago, we sponsored the first public 
education program on the space debris issue with the help of the Union of Concerned 
Scientists in Cambridge. I am going to describe the debris problem and then Bev, who 
was a classroom teacher, district curriculum director, and middle school principal in 
Douglas, will describe our curricular approach. We’re glad you’re here and look 
forward to conversation later in the hour.
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It’s time to connect the problem of space 
debris to the larger issue of environmental 
sustainability.

http://thewillowpatternproject.blogspot.com/2012/08/earthrise.html

Earthrise

NASA image from 
the July 1969 Apollo 
moon mission.

Bev and I think it’s time to connect the problem of space debris to the problem of 
global warming and the larger issue of environmental sustainability. Unless we solve 
the debris problem in space so that Earth-observing satellites can continue to 
perform their missions, our ability to monitor climate change and address its impacts 
will be sorely limited. The big idea that animates and shapes our approach is that in 
the Space Age, we need a new ecological perspective that integrates Earth orbit and 
planet Earth. We need a clean space environment in order to enjoy a green planet 
with healthy and sustainable communities. For environmental activists to care for 
Earth without also caring for space will be self-defeating. 

10/30/2018 4:32 PM

2



Education should emphasize two points:

Orbital space is a valuable natural resource, serving as 
home to spacecraft that provide essential information 
and perspective for understanding Earth’s Place in the 
Universe, Earth’s Systems, and Earth and Human 
Activity.  

The growing problem of space debris requires us to 
clean up the space environment – utilizing new 
technologies and public advocacy – before it becomes 
too dangerous to navigate.

Education about the space environment should incorporate two basic elements:

1) Orbital space is a valuable natural resource, serving as home to spacecraft that 
provide essential information and perspective for understanding Earth's Place in the 
Universe, Earth's Systems, and Earth and Human Activity; and

2) The growing problem of space debris requires us to clean up the space 
environment - utilizing new technologies and public advocacy - before it becomes too 
dangerous to navigate.
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Orbital space is a valuable natural 
resource, serving as home to:

View from the International Space Station

https://upload.wikimedia.org/wikipedia/commons/9/95/Tracy_Caldwell_Dyson_in_Cupola_ISS.jpg

International 
Space Station

Fermi space 
telescope

1,400 satellites

Let’s consider these elements in turn, beginning with the theme of orbital space as a 
valuable natural resource.  Two short videos from NASA illustrate the value of Earth-
observing satellites. Both of them are included in our instructional resources for high 
school. 
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https://www.youtube.com/watch?v=uVkfh89iyeU

The first video features CERES—which stands for Clouds and Earth’s Radiant Energy 
System. It’s an instrument onboard several satellites that helps scientists understand 
Earth’s changing climate by measuring reflected sunlight and thermal radiation 
emitted by Earth.
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(Video plays.)
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https://www.youtube.com/watch?v=IW0Ay0rmvWk

The second video describes how the International Space Station’s Agricultural Camera 
helps farmers improve agricultural productivity.
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(Video plays.)
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Space debris varies in size, from defunct 
satellites to stray nuts and bolts.

http://www.abc.net.au/news/2016-12-06/space-junk-why-it-is-coming-back-to-bite-us/7884396

Unfortunately, our growing utilization of space during the past 60 years has created 
an orbiting junkyard. Most space missions create debris, mainly rocket booster stages 
that are expended and released to drift in space along with bits of hardware; there 
also are some 2000 obsolete satellites still whizzing around. Serious fragmentations 
are usually caused by events such as explosions or collisions. These can be either 
unintentional, as in the case of exploding rocket fuel tanks, or intentional, as in the 
testing of anti-satellite weapons in space. Even a stray bolt traveling at 17, 500 miles 
per hour can disable a satellite on impact. There have been a number of collisions 
between pieces of debris and civil, commercial, and military spacecraft. 
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The U.S. Space Surveillance Network tracks 
nearly 23,000 pieces of debris the size of a 
softball or larger in low Earth orbit.

Credit: NASA

Today the U.S. Space Surveillance Network tracks nearly 23,000 pieces of debris the 
size of a soft ball or larger in low Earth orbit. This is the area of space that extends 
from 99 to 1200 miles above Earth’s surface. The NASA graphic on the slide uses dots 
to represent the location of tracked objects; the dots are scaled to the image. An 
additional 500,000 objects larger than a centimeter also orbit Earth and there are 
millions of smaller fragments. 
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In order to perform their missions, 
spacecraft such as the Terra satellite 
must orbit at certain altitudes.

Credit: NASA

We tend to think of space as vast and even limitless, and students may presume that 
If certain regions of space have become too crowded to navigate safely, we can 
always launch our new satellites into orbits that are uncongested. But this is not the 
way spacecraft operators look at things. They use common engineering solutions 
based on orbital mechanics that lead to a clustering of satellites at certain altitudes 
suitable for particular missions. For example, many Earth observing satellites, such as 
Terra, the flagship of NASA’s fleet, orbit at altitudes between 435 and 560 miles 
above the Earth’s surface. At these altitudes, sensors have the best resolution and 
communication systems require less power to talk to earth. 
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Low Earth orbit’s resource system 
resembles a parking garage with limited 
spaces.

Worcester 
Parking 
Garage

Credit: Unistress Corporation

Because of the clustering of satellites at certain altitudes, Low Earth orbit’s resource 
system resembles a parking garage where the basic resource units are parking spaces 
and the number of spaces is limited. Physical crowding issues with vehicles make it a 
challenge to manage a parking garage and it’s a similar situation in space where the 
basic resource units are orbital slots and their number is limited. In space, though, 
the situation is more complicated and dangerous. Imagine what it would be like if you 
had to share your local parking garage not only with other drivers but with vehicles 
that had broken down in the garage years ago and were never removed. This is the 
situation in space where active satellites must crowd into orbits with spent rockets 
and zombie satellites from old missions. 
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The exponential growth of debris 
threatens the accessibility of key orbits.

https://www.nap.edu/catalog/13244/limiting-future-collision-risk-to-spacecraft-an-assessment-of-nasas#orgs

How serous is the debris problem?  A report from the National Research Council 
(NRC) published in 2011 said the problem had already reached a tipping point in key 
Earth orbits where debris is growing exponentially. Debris will continue to grow from 
future collisions even if we never launch another spacecraft into orbit because the 
density of debris is so great already that collisions among existing objects generate 
new pieces of debris faster than atmospheric drag removes them from orbit. Donald 
Kessler, who led the study, said: We have lost control of the space environment. In 
2018, there is further pressure on the space environment as a result of plans by 
private companies and other entities to launch large constellations of spacecraft that 
could increase the active satellite population from 1400 to as many as 18,000 over 
the next decade. 
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https://www.youtube.com/watch?v=xXIV_Fo3lj0

Perhaps no one appreciates the threat posed by debris as acutely as astronauts 
working on the International Space Station, which orbits at an altitude of 249 miles. 
ISS crews have had to jump into their Soyuz capsule for protection and potential 
evacuation on five occasions, most recently in 2016. This short video from the 
Science Channel describes a close call in 2011 and is included in our instructional 
resources for high school.
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(Video plays.)
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Removing large debris objects from 
congested orbits is essential for stabilizing 
the space environment.

Credit: European 
Space AgencySpace Garbage Truck

The growing problem of space debris requires us to clean up the space 
environment—utilizing new technologies and public advocacy—before it becomes 
too difficult to navigate. The answers will not be easy and we are running out of time. 
There is an international scientific consensus that because debris is growing 
exponentially, removing dead satellites and rocket bodies from orbits where collisions 
are most likely to occur is essential for stabilizing the space environment. It would 
reduce the volume of existing debris from which new debris can be created.  The 
process is called Active Debris Removal, or ADR.

To its credit, the European Space Agency has set an ambitious goal to conduct the 
world’s first active debris removal mission in 2023. It will target a European-owned 
defunct satellite, attempt to capture it with a robotic arm, as pictured here, and then 
safely burn it up in a controlled atmospheric reentry. This approach is one of several 
under investigation around the world but each approach must solve serious technical 
challenges before it can be tested in orbit. 
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Removing a large piece of debris is like trying to 
grab a spinning skater, only harder.

-Ray Sedwick

Dir.ector, Center for Orbital
Debris Education and Research,
University of Maryland

https://www.flickr.com/photos/yellowrotus/4059953959

Ray Sedwick, a professor of aerospace engineering, describes the challenge of reeling 
in a large piece of space junk with a robotic arm or space net. He says: “Imagine 
trying to grab a spinning skater on an ice rink except instead of a person, it’s an SUV 
traveling over 17,000 miles per hour. And instead of you being there in person, you’re 
flying a drone, the lighting is bad, you have limited sensory data, there is no obvious 
place to grab onto, and you may be operating under a time delay.”
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The diplomatic and legal problems 
associated with debris removal are 
challenging.

https://en.wikipedia.org/wiki/United_Nations_General_Assembly#/media/File:UN_General_Assembly_hall.jpg

A recent 
initiative by 
the European 
Union failed 
to gain 
traction at 
the United 
Nations.

Then there are the diplomatic challenges. The space garbage truck of one nation will 
be viewed as a space weapon by an adversary. If a country has the technical 
capability to grab one of its own dead satellites, then it also has the capability to grab 
an active satellite belonging to a foe. Unfortunately, diplomatic efforts over the past 
five years to build the trust and confidence among major space powers that is 
needed for them to agree on what debris to remove, how to do it, in what order to 
do it and when to do it, have all come to a grinding halt.
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The U.S. needs to address the debris 
problem with a sense of urgency.

https://www.commons.wikimedia.org

Despite these varied challenges, we should strive to foster a clean space environment 
for the sake of a green planet with sustainable communities. The impetus for action 
on environmental issues often comes from knowledgeable citizens – and perhaps the 
biggest challenge right now for space age environmentalists is persuading Congress to 
address the debris problem with a sense of urgency.

Teachers and environmental educators can help lead this effort.
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Our Curricular Approach is…

Standards-
Based

Flexible

Adaptable

It’s a pleasure to be here with you this morning!

Recognizing that instructional time is precious, our curricular approach for educating 
students about this important issue is not intended to be a stand-alone curriculum, 
but simply a standards-based approach that is flexible and adaptable – one that can 
be easily and seamlessly integrated into the standards-based content that teachers 
already teach.  Whether it is implemented in one grade or at all levels, and whether 
one suggested resource is utilized, or all for a particular grade level or subject area –
it will enhance student understanding. It is designed for use by classroom teachers as 
well as museum educators, and is appropriate for any number of instructional 
settings, including STEM summer camps and after-school programs.  Through this 
approach, students will be better able to view outer space as a valuable natural 
resource; to see that space debris is putting this resource at risk; and to recognize the 
importance of finding solutions.  We hope that as students learn more about this 
issue, they will be challenged and inspired to become the innovators and engineers of 
tomorrow who will devise solutions to this serious threat. 
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Entry Point for Extensions are:

Standards-Based Lessons Aligned with 2016 MA 
Science & Technology/Engineering Curriculum 
Framework

NSTA-Vetted (NGSS@NSTA – National Science 
Teachers Association – ngss.nsta.org)

Our approach, which we have entitled, “Educating Space Age Environmentalists: A 
Pre-K – HS Standards-Based Curricular Approach,” begins with a standards-based 
lesson.  Almost all of the lesson plans we suggest are vetted by the National Science 
Teachers Association.
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Extension 1: Outer space 

is a valuable natural 

resource, serving as 

home to spacecraft that 

provide essential 

information and 

perspective for 

understanding Earth’s 

Place in the Universe, 

Earth’s Systems, and 

Earth and Human 

Activity.

Extension 2: The growing 

problem of space debris 

requires us to clean up 

the space environment –

utilizing new 

technologies and public 

advocacy – before it 

becomes too dangerous 

to navigate. 

Extension 1 Extension 2

Big Idea: Environmental literacy needs to 

include both Earth and outer space.

The “Big Idea” serving as the basis of our curricular approach is that environmental 
literacy needs to include both Earth and outer space.  Two statements supporting the 
“Big Idea” serve as the focus for student learning and are labeled as “Extension 1” 
and “Extension 2.” 

With the aid of Extension 1 instructional resources, students learn that orbital space 
is a valuable natural resource, serving as home to spacecraft that provide essential 
information and perspective for understanding Earth’s Place in the Universe, Earth’s 
Systems, and Earth and Human Activity.  

From there, Extension 2 activities help students see that the growing problem of 
space debris requires us to clean up the space environment – utilizing new 
technologies and public advocacy – before it becomes too dangerous to navigate.  
The goal is to help students recognize that solving the space debris problem is key to 
addressing such issues as climate change.  Clean space for a green planet!
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Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

Earth and Space Science

ESS1. Earth’s Place in the Universe

ESS2. Earth’s Systems

ESS3. Earth and Human Activity

All resources we provide for Extension 1 are aligned with the 2016 MA STE standards.  
All three disciplinary core ideas from Earth and Space Science are included.

In grades Pre-K through 8, Extension 1 activities and resources are correlated with a 
lesson plan aligned with an Earth and Space Science standard.  These lesson plans are 
simply suggestions; any other lesson plan aligned to the relevant standard could 
serve as an equally good entry point.

Extension 1 materials also are provided for high school teachers that are correlated 
with the high school Earth and Space Science standards.  We did not include lesson 
plans at the high school level.  Rather, we simply provided Extension 1 and 2 
resources correlated to a particular ESS standard.
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Ext. 1 - Featured Spacecraft  
Pre-K-8

Pre-K  - International
Space Station

K  - GOES

Gr. 1  - GPS

Gr. 2  - Terra’s MODIS

Gr. 3  - GOES-R

Gr. 4  - Terra’s MISR

Gr. 6  - Hubble

Gr. 7  - Aqua

Photo Credits: NASA

Gr. 8
Aura

Extension 1 materials highlight the distinctive contribution 15 different spacecraft and 
instruments make to our understanding of Earth’s Place in the Universe, Earth’s 
Systems, or Earth and Human Activity.  Eleven spacecraft and instruments are 
featured in grades Pre-K through 8.
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Ext. 1 - Featured Spacecraft  
High School

HS – ESS1
FERMI

HS – ESS2
CERES

Photo Credits: NASA

In the high school, four different spacecraft and instruments are featured that align 
well with the topics covered in the Earth and Space Science standards. 
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Extension 2 – Pre-K – 8
The growing problem of space debris requires us to clean up the 
space environment - utilizing new technologies and public advocacy 
- before it becomes too dangerous to navigate.

Pre-K – 2
An orbital junkyard surrounds Earth, and it must be cleaned up.

Gr. 3-5

Gr. 6-8

Students continue to learn about the problem, and possible solutions.

Students participate in technology/engineering design 

challenges related to protecting astronauts and cleaning up 

space and as young citizens, write advocacy letters to their 

U.S. Representatives and Senators. 

Extension 2 resources help students see that space debris poses a growing threat to 
spacecraft and requires us to address difficult technological and policy issues.  
Extension 2 resources are correlated with Extension 1 in each grade-level or subject 
area. The content builds gradually and steadily from one grade to the next.  In grades 
Pre-K-2, students learn there is an orbital junkyard surrounding Earth that needs to be 
cleaned up. In grades 3-5, they continue to learn about the problem and begin 
thinking about potential solutions. Students in grades 6-8 participate in 
technology/engineering design challenges related to active debris removal solutions, 
as well as protecting astronauts from space debris.  They also write space advocacy 
letters to their United States Representatives and Senators.  
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Extension 2 – High School
The growing problem of space debris requires us to clean up the 
space environment - utilizing new technologies and public advocacy -
before it becomes too dangerous to navigate.

High School

High school students further deepen their 

knowledge of space debris and 

prospective solutions and are challenged 

to expand their perspective on 

sustainability to include a clean space 

environment as well as a green planet.

High school students further deepen their knowledge of space debris and prospective 
solutions and are challenged to expand their perspective on sustainability to include a 
clean space environment as well as a green planet.
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Educating Space Age Environmentalists:  
A Pre-K – High School Standards-Based 

Curricular Approach

Standards-
Based 
Lesson

Extension 
1

• Outer space is a valuable natural resource, serving as 
home to spacecraft that provide essential information 
and perspective for understanding Earth’s Place in 
the Universe (ESS1), Earth’s Systems (ESS2), and 
Earth and Human Activity (ESS3).

Extension 
2

• The growing problem of space debris 
requires us to clean up the space 
environment, utilizing new technologies 
and international diplomacy, before it 
becomes too dangerous to navigate.

Aligned with 2016 MA STE Standards for Earth and Space Science and

vetted by the National Science Teachers Association (NSTA) at webpage

NGSS@NSTA (ngss.nsta.org).

Credit: NASA

Just to sum up, then -- The approach we have proposed is essentially the same for all 
grades.  It incorporates two complementary instructional goals at all grade levels.  
With the aid of extension 1 instructional resources correlated with a standards-based 
lesson plan, students learn that orbital space is a valuable natural resource, serving as 
home to spacecraft providing information essential to life and health.  With the aid of 
extension 2 instructional resources, students learn that space debris poses a growing 
threat to these spacecraft, and that solutions must be found.
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Let’s Take a Look…

Here’s the first page of the extension summary chart handout that you picked up on 
your way in, which provides an overview of our curricular approach.  As you can see, 
the chart contains – reading from left to right – the grade level, the standard 
addressed, the disciplinary core idea, the lesson title, and the instructional focus for 
extensions 1 and 2, from preschool up through high school. 
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www.protectouterspace.com

This chart is posted on our website at www.protectouterspace.com, along with our 
suggested curricular approach for each grade.  For Massachusetts educators, the 
documents are aligned specifically to the MA standards.  For educators in other 
states, we have aligned our approach to the NGSS. As I’m sure you are aware, there 
are many similarities between the MA standards and the NGSS standards, as well as 
some significant differences.
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www.protectouterspace.com

To use our website, simply click on the grade you wish to view.  The extension 
summary chart is the first document listed, followed by recommended resources for 
each grade level.  
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In the interest of time this morning, we will share with you a few highlights from our 
curricular approach, starting with the high school, followed by several grades at the 
elementary and middle school level.  

10/30/2018 4:32 PM
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HS - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

ESS2

Earth’s Systems
ESS1

Earth’s Place in the Universe

ESS3

Earth and Human Activity

Above: from video – Fermi Sees 

Gamma Rays from Far Side Solar 

Flares.

Right: from video – NASA: 

Farming from Space

High School Extension 1 resources are designed to help students understand that 
orbital space is a valuable natural resource, serving as home to spacecraft that help 
us understand and address global challenges, including potentially dangerous coronal 
mass ejections, climate change, and food security. Extension 1 materials related to 
each of these three issues are presented and are correlated with learning standards 
and core disciplinary ideas.
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HS - Extension 1B
Climate Change and CERES
Outer space is a valuable natural resource, serving as home to spacecraft that provide 
essential information and perspective for understanding Earth’s Place in the Universe, 
Earth’s Systems, and Earth and Human Activity.

ESS2 – Earth’s Systems

CERES’ purpose is to measure the Earth’s 

energy balance for a better understanding of 

global climate change.

-NASA’s Joint Polar Satellite Program

NASA’s Clouds and Earth’s Radiant Energy System 
(CERES), onboard the Aqua, Terra, Suomi NPP and 
JPSS-1

Let’s take a closer look at Extension 1B, which is aligned with ESS2 – Earth’s Systems –
and highlights the issue of climate change. Recommended resources include a video 
which you viewed a few minutes ago, along with a related article from NASA.  
Students learn how NASA’s Cloud and Earth’s Radiant Energy System – or CERES -
instruments onboard the Aqua and other satellites measure reflected sunlight and 
thermal radiation emitted by Earth, and help scientists understand how the planet’s 
heat budget is changing.
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Outer space is a valuable natural resource 
because it is “home” to:

the CERES instruments that are playing 
a key role in helping scientists better 
understand and address climate change.

The “Takeaway” from HS 
Extension 1B Activities:

The key point to emphasize with students is that outer space is a valuable natural 
resource because it is home to the CERES instruments that are playing a key role in 
helping scientists better understand and address climate change.  
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HS - Extension 2B
Climate Change and CERES
The growing problem of space debris requires us to clean up the space environment -
utilizing new technologies and public advocacy -before it becomes too dangerous to 
navigate.

From video:

Space Debris – A 
Journey to Earth

European Space 
Agency 

Unfortunately, our increasing reliance on satellites has led to a growing debris 
problem and a deteriorating space environment.  The Extension 2B resource includes 
a European Space Agency video in which students journey from the outer solar 
system back to Earth.  This video gives students a look at the different regions used 
for space flight and explains how debris mitigation and removal measures could 
preserve future usage of these orbits.
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The growing problem of space debris puts 
the lives of astronauts, and valuable 
spacecraft, at risk – and solutions must be 
found!

The “Takeaway” from HS 
Extension 2B Activities:

The main point to emphasize with students here is that the growing problem of space 
debris puts the lives of astronauts, and valuable spacecraft, at risk – and solutions 
must be found!
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Now let’s look at how the approach works in the elementary grades, starting with 
grade 3.  In these grades, the arts and literacy connections are integrated into the 
approach.  

10/30/2018 4:32 PM
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Grade 3

Here we have listed just for grade 3 the standard, the disciplinary core idea, the 
lesson, and the Extension 1 and 2 instructional focus areas. 
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Grade 3 – My NASA Data Lesson: Climate Graphs

Standard: 3-ESS2-1. (Earth’s Systems) Use graphs and tables of local weather data to 
describe and predict typical weather during a particular season in an area. 

Student worksheet from 
My NASA Data Lesson: Climate Graphs

First, students participate in a standards-aligned lesson about climate graphs, in 
which they learn how to analyze NASA wind speed climate data using a line plot 
graph, and to understand the relationship between measurement, data collection, 
and graphing.  A book entitled Brady Makes a Weather Graph provides an excellent 
accompaniment to this lesson, aligning well with the grade 3 ELA standards for 
reading informational text.  Students learn how to use information gained from 
illustrations to demonstrate understanding of the text. 
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Grade 3 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

Left:
NASA Booklet

Right:
Story Time from Space
book

Extension 1 materials for third graders emphasize the key role of satellites in 
promoting life, health, and safety here on Earth, particularly on how satellites provide 
key weather and climate data essential for accurate weather forecasting.  A Storytime 
from Space book by Astronaut John Olivas helps students appreciate the integral role 
of spacecraft in making space exploration possible, and in improving life and health 
on Earth.
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Grade 3 - Extension 2
Literacy and Arts Integration

Grade 3 –

Space Junk 

Cleanup 

Robot

Grade 3 Writing Standards

Text Types and Purposes

1. Write informative/explanatory texts to examine a topic and convey ideas and

information clearly.

Extension 2 activities include a National Public Radio podcast about the “Gecko 
Gripper,” and the potential of biomimicry to develop space debris solutions.  Students 
subsequently write their own informative/explanatory texts in alignment with ELA 
standards, describing how engineers are using biomimicry to design space debris 
removal technologies.  As a culminating activity, students design and share their own 
space junk cleanup robot.
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Grade 1 - Extension 2
Literacy and Arts Integration

Grade 1 – “Keep Outer Space Clean” T-Shirt

Now let’s take a quick look at several other Extension 2 activities in the lower 
elementary grades.  In grade 1, students design their own space debris T-shirts as a 
culminating activity.
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Grade 2 - Extension 2
Literacy and Arts Integration

Grade 2 – Space Debris Bookmark

Grade 2 Reading Standards for Informational Text

Key Ideas and Details

1. Ask and answer such questions as who, what, where,

when, why, and how to demonstrate understanding of

key details in a text.

Text Types and Purposes

1. Write informative/explanatory texts that introduce a

topic, use facts and definitions to develop points,

and provide a concluding statement or section.

In grade 2, students design their own space debris bookmarks after reading an 
appealing Geronimo Stilton series book entitled, Beware: Space Junk, and writing 
informational texts that align with grade 2 ELA standards.
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Grade 5

Let’s turn next to the upper elementary grades, starting with grade 5.  Here we see 
the grade 5 standard, the disciplinary core idea, the lesson, and the Extension 1 and 2 
focus areas. 
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Grade 5 – Global Water Distribution (NSTA-Vetted)
Standard: 5-ESS2-2. (Earth’s Systems) Describe and graph the relative amounts of salt water in the 

ocean; fresh water in lakes, rivers, and groundwater; and fresh water frozen in glaciers and polar ice 

caps to provide evidence about the availability of fresh water in Earth’s biosphere.

https://mass.pbslearningmedia.org/

First, students participate in a series of standards-based lessons entitled, “Global 
Water Distribution.”  Students predict and model the availability of water on Earth 
and discuss methods for purifying and conserving it.  They assess their own water 
usage and explore ways to reduce it, while also learning about various techniques for 
water management.
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Grade 5 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

From video – NASA’s GRACE Mission - Credit: NASA TV

GRACE satellites

Extension 1 materials include two NASA videos and related materials, showing how 
the GRACE satellites provide a detailed picture of vital fresh water reserves hidden 
beneath Earth’s surface.  Students see how the GRACE satellites monitor water 
availability, polar melt, and continental drift from 311 miles up!
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Grade 5 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

From video – Benefits for Humanity: Water for the World.  

Children in Chiapas, Mexico drink clean, safe water.  Credit: NASA TV

(ECLSS Module)

Students also learn about the Environmental Control and Life Support System (or 
ECLSS), a water purification component aboard the International Space Station 
developed for astronauts working in space, and how it is now used to supply clean 
drinking water for impoverished communities across the globe.  
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Grade 5 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

NASA ISS Activity Book

Max Goes to the Space Station

By Jeffrey Bennett

The Story of Space: 

Space Stations

By Steve ParkerSpace Explorers: 

Space Stations

By Jenny VanVoorst

Also included is a NASA International Space Station Activity Book, which students may 
use to create and build their own space stations. Three excellent books about the 
International Space Station help students see its enormous value.  A book entitled, 
Max Goes to the Space Station, written by former NASA scientist Jeffrey Bennett, 
follows a dog named Max on his trip to the International Space Station, where he 
shares in the adventures of astronaut life and helps save everyone from a potential 
disaster along the way.  
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Grade 5 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

Astronaut Mike Hopkins reads this book from space.

www.storytimefromspace.com

This book, which is recommended by the National Science Teachers Association, was 
the first book read aloud from the International Space Station, and a link is provided 
on the Story Time from Space website where students can watch and hear this book 
being read aloud from space by a real-life astronaut, Mike Hopkins.  
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Grade 5 - Extension 1
Outer space is a valuable natural resource, serving as home to spacecraft 
that provide essential information and perspective for understanding 
Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity.

https://spotthestation.nasa.gov/

Spot the Station

Students also learn how to track the International Space Station as it passes overhead 
in their neighborhood, based on information from a NASA website.
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Grade 5 - Extension 2
The growing problem of space debris requires us to clean up the space 
environment – utilizing new technologies and international diplomacy –
before it becomes too dangerous to navigate.

From video – Is the ISS Safe from Space Debris?

Tension mounts as the astronauts wait for the “all 
clear.”

At this point, Extension 2 activities are introduced, designed to help students learn 
about the threat that orbital debris poses to spacecraft.  Students view a space debris 
graphic and read a NASA article on orbital debris.  They also view a Science Channel 
video – one of the videos you viewed earlier - depicting a close call occurring on 
board the International Space Station back in 2011, when a large piece of space 
debris travelling at 8 miles per second narrowly missed the station by only the length 
of a football field, resulting in the astronauts being forced to evacuate into Soyuz 
lifeboats.  
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Grade 5 - Extension 2
The growing problem of space debris requires us to clean up the space 
environment – utilizing new technologies and international diplomacy –
before it becomes too dangerous to navigate.

“Space Junk Song” 

Artists: Rhett & Link

Discussion 
Question:

“In the song, you 
saw the ‘space 
garbage men’ at 
work.  What do you 
think an actual 
‘space garbage 
truck’ might look 
like?” 

Students learn a song about space debris performed by the artists Rhett & Link, thus 
encouraging a cross-disciplinary focus that integrates the arts.  After viewing the song 
video, students discuss the lyrics about the space garbage men at work, and share 
ideas about what an actual space garbage truck might look like.  
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Grade 5 - Extension 2
The growing problem of space debris requires us to clean up the space 
environment – utilizing new technologies and international diplomacy –
before it becomes too dangerous to navigate.

Writing Assignment: Narrative

Aligned with 2017 MA English Language Arts and Literacy Framework – Grade 5 Writing Standards

Writing Prompt:

Imagine that you are the commander on board the International Space Station.  
Suddenly, Mission Control notifies you that you must evacuate immediately, due to the 
danger of a major collision with a piece of space junk.  

• How do you feel? 
• What do you do next?  
• What happens?  
• What do you learn from this experience? 

Include details from the NASA article entitled, “What is Orbital Debris?” in your 
narrative.

Students then write a narrative piece, in alignment with the 2017 MA ELA Standards.  
Students imagine that they are serving as the commander on board the International 
Space Station, and that they have been ordered to evacuate, due to an imminent 
collision with a piece of space junk.  They then describe their feelings, their actions, 
and what takes place, including details in their narrative from the NASA article 
entitled, “What is Orbital Debris?”  This writing activity helps students more fully 
experience what such a life-threatening situation such as this would be like.  
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Now let’s move on to the middle school level – specifically, grade 7.  
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Grade 7
Standard: 7.MS-ESS2-4. Develop a model to explain 

how the energy of the Sun and Earth’s gravity drive 

the cycling of water, including changes of state, as it 

moves through multiple pathways in Earth’s 

hydrosphere. 

Here is the grade 7 part of the extension summary chart, listing the standard, the 
disciplinary core idea, the lesson, and the Extension 1 and 2 focus areas.
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Grade 7 - Exploring the Water Cycle 
(NSTA-Vetted)

https://pmm.nasa.gov/education/lesson-plans/exploring-water-cycle

Standard: 7.MS-ESS2-4. Develop a model to explain how the energy of the 

Sun and Earth’s gravity drive the cycling of water, including changes of 

state, as it moves through multiple pathways in Earth’s hydrosphere. 

First, students participate in a standards-aligned lesson in which they learn how 
energy from the sun and the force of gravity drive the water cycle.  They create their 
own model of the water cycle from the viewpoint of a water molecule.
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NOVA: “Earth from Space”

Water Vapor Fuels 

Hurricanes

Monitoring Earth’s Water 

Vapor

Extension 1 activities include two video clips from NOVA: Earth from Space, showing 
the critical role played by satellites in understanding the water cycle, and how this 
cycle creates Earth’s weather.  The Aqua satellite and five weather tracking satellites, 
including GOES-13, are highlighted.  Students learn to appreciate the value of outer 
space as home to these spacecraft that monitor the complex interaction between 
sunlight and water.

58



Grade 7 - Extension 2
The growing problem of space debris requires us to address difficult 
technological and policy issues.

7.MS-ETS1-2. Evaluate competing solutions to a given design problem using a decision matrix to 

determine how well each meets the criteria and constraints of the problem.  Use a model of each 

solution to evaluate how variations in one or more design features, including size, shape, weight, or cost, 

may affect the function or effectiveness of the solution.

Extension 2 activities help students learn more about the threat posed by orbital 
debris.  Students participate in a spacesuit design challenge aligned with the grade 7 
technology/engineering standard: ETS1. Engineering Design.  This standard requires 
students to “evaluate competing solutions to a given design problem.”  Working in 
teams to design spacesuits for their “taternauts” – or astronauts in the form of a 
potato – students design and build a spacesuit for their “taternaut” to protect it from 
tiny pieces of space debris and micrometeorites.  Students then test and evaluate 
their designs.
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https://www.pbslearningmedia.org/resource/86dabcaa-2aef-4f5c-b228-fbf4a14c1387/space-junk-fast-

trash-webcast/#.Wej2UGiPKM8

First, students view an introductory PBS video clip posted by the Smithsonian’s Air 
and Space Museum.  The clip consists of a segment from a program called “STEM in 
30,” designed to engage middle school students in STEM topics through 30-minute 
interactive activities.  
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PBS Video: Space Junk, Fast Trash

Astronaut Donald Thomas joins “STEM in 30” host Marty 
Kelsey at the Smithsonian Air & Space Museum to test 
“taternaut” space suits made by a middle school class 
from Washington, D.C.

This video includes a 5-minute segment on the Spacesuit Design Challenge, showing 
Washington, D.C. middle schoolers building and testing their “taternaut” spacesuits.
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(Video plays.)
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Spacesuit Design Challenge

We’ll stop here – but the video goes on to show all of the groups testing their 
“taternauts.”  As you can see, this is an appealing and relatively straightforward 
experiment.  
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Spacesuit Design Challenge
Student Data Sheet

Students complete the data sheet as they proceed.  After testing, they are given the 
opportunity to evaluate and redesign.  As a class, they formulate generalizations 
about spacesuit design, based upon what they have learned.
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Did your Taternaut experience visible damage on the outside of its 
spacesuit?

Did your Taternaut experience damage that was visible once the 
spacesuit was removed?

What could be done to improve the suit’s ability to withstand 
impacts with space debris that have even more kinetic energy due 
to more mass and/or more speed?

Spacesuit Design Challenge
Evaluate/Redesign

As students go through the evaluation and redesign process, they ask questions 
regarding what they saw on the outside of the spacesuit, what they saw when the 
spacesuit was removed, and what could be done to improve the design going 
forward.
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Grade 6 – Extension 2
The growing problem of space debris requires us to address difficult 
technological and policy issues.

Standard: 6.MS-ETS1-6 (MA). Communicate a design solution to an 

intended user, including design features and limitations of the solution.

Now let’s take a moment to highlight another middle school extension 2 activity –
this one in grade 6.  In grade 6, students deepen their knowledge about the debris 
problem, and learn about several debris removal technologies currently under 
investigation.  They participate in a Technology/Engineering standards-based design 
team project entitled, “Engineering Designs for Active Debris Removal.”  Student 
teams research various designs, learning about the strengths and limitations of each 
design.  Each team then presents its proposal to the class, whereupon the class 
decides which idea is best.
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https://www.youtube.com/watch?v=j847hzLjrWQ

To begin, students view an introductory video from Scientific American.  Let’s take a 
look!
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(Video plays.)
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Gr. 6 Design Team Project: 
Engineering Designs for Active Debris Removal

https://www.youtube.com/watch?v=j847hzLjrWQ

Laser

Net

Electro-
Dynamic 
Debris 

Eliminator

(EDDE)

Sail
Electrified 

Tether
Sling-Sat

After viewing the video, the class is divided into five teams, one for each of the 
designs discussed in the video, including lasers, nets, sails, Sling-Sat, and electrified 
tether.  Unfortunately, the tether has been tested unsuccessfully, but the Japanese 
are continuing to work on this technology.  The student teams research their 
respective assigned designs and report back to the class on the strengths and 
limitations of each design.  If possible, a local STEM professional – ideally an 
aerospace engineer – could participate in the discussion and help select the winning 
design.
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Grade 8 – Extension 2
Aligned with Guiding Principles for Effective Science and Technology/Engineering Education.  Principle IV – An 

effective S/TE program provides opportunities for students to collaborate in scientific and technological 

endeavors and communicate their ideas.  Principle VI – An effective S/TE program integrates S/TE learning 

with mathematics and disciplinary literacy – “In addition to mathematics, reading, writing, and communication 

skills are necessary elements of learning and applying STE.” (p. 12)

In grade 8, we propose writing space advocacy letters as a terrific Extension 2 
culminating activity, serving as a way for students to act upon the knowledge and 
perspective gained on the space debris issue as they have learned about it over the 
years.  
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“High-quality science and technology/engineering 
education relates student interests and experiences to 
real-world problems and decisions.”

(from the MA Science and Technology/Engineering Education for All 
Students: The Vision)

As stated in the new STE curriculum framework, a high-quality curriculum helps 
students apply knowledge to real-world problems and decisions.  Encouraging 
students to make their voices heard helps them see themselves as active, concerned 
citizens who can shape public policy decisions. Thus, this project aligns with the new 
standards, as well as the Guiding Principles for Effective Science and 
Technology/Engineering Education.
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Pre-Writing Activities

What is Orbital Debris?

from the NASA Knows! series for grades 5-8

Space Junk: The Dangers of Polluting 

Earth's Orbit, by Karen Romano Young

To prepare students for writing their letters, we recommend several resources, 
including four articles, a book, and a video.  An article entitled, “What is Orbital 
Debris?” that I referenced earlier provides an excellent overview.  A book by Karen 
Romano Young, Space Junk, could be read by the entire class, or, it could be used as 
an enrichment activity for selected students to read, and to use in preparing a 
presentation for the class on space debris remediation methods.  
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Pre-Writing Activities

Video - Space Debris Story

European Space Agency

In addition, a video from the European Space Agency, entitled Space Debris Story, 
helps students understand how the unintended consequences of intense spaceflight 
activity over the past 60 years has resulted in a growing population of debris objects 
that pose hazards to safe space navigation.  It also highlights the current state of 
debris mitigation measures and presents several concepts for removing defunct 
satellites now being studied in Europe.
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Pre-Writing Activities

How Can Humans Clean Up

Our Space Junk?

The Verge - Dec. 30, 2016

Earth, Clean Up Your Trash!

Air and Space Magazine – August 2017

Cooperation Should Reign as Spacefaring Nationals Clean 
up Earth Orbit and Venture Beyond ISS

Space News – Oct. 24, 2017

Three Additional

Articles

Three recommended articles from The Verge, Air and Space Magazine, and Space 
News provide students with the necessary background to write in a knowledgeable 
and compelling way.
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Grade 8 - Final Pre-Writing Activity

As a final pre-writing activity prior to writing their letters, students review and discuss 
five questions, sharing their opinions on the space debris issue.  They deliberate 
together regarding the seriousness of the threat and evaluate potential solutions.
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Grade 8 
Space 
Advocacy 
Letter from
a Student

Topic:

What should the 

United States be 

doing to clean up 

the orbiting 

junkyard in 

space?

At this point, students should have adequate background knowledge to begin writing 
their one-page letters.  A topic we recommend is: What should the United States be 
doing to clean up the orbiting junkyard in space? Here is an actual letter written by a 
Douglas Middle School student.  We were very impressed with his thoughtfulness and 
insight.  It was heartening for us as educators to read this sentence in his third 
paragraph: “Everyone should help clean up outer space.  Many people worry about 
polluting our planet with garbage and gasoline emissions, but in order to find the 
largest trash heap you have to look up at space.  By cleaning up space, we will make it 
safer for astronauts.”  This student has shown that he clearly understands the danger 
of space debris and wants to take action!
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Sample 
Response from 
Congressman 
Richard Neal

These letters received personalized responses back from legislators.  Many students 
have kept these responses and appreciate that their voices were heard.  As 
Congressman Neal wrote, “Please know that I will keep your letter and those of your 
fellow students in mind when legislation related to this important matter reaches the 
House floor.” We encourage students to share their letters and the responses they 
get back with their classmates.
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Dr. David Wright 
speaks to students 
about the dangers of 
orbital space debris.

Community Partners

We were very fortunate in being able to host Dr. David Wright from the Union of 
Concerned Scientists as a guest speaker who did a presentation on orbital debris for 
our students at Douglas Middle School.  We also truly appreciated our community 
partners offering their skills and expertise on behalf of our students.  In these days of 
tight resources, tapping the expertise of STEM professionals from area cultural 
institutions, as well as from business and higher-education, is so valuable.  An 
additional benefit to such collaborations is the resulting exposure students gain to a 
variety of STEM career opportunities.  We encourage you to access these resources 
within your own communities.  
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ISS 
Astronauts 
speak with 
Douglas 
students via 
live downlink 
from space on 
June 10, 2013! 

http://www.telegram.com/article/20130611/NEWS/106119824

ISS Downlink
Worcester Telegram & Gazette  
Posted June 11, 2013

We were also thrilled to host a downlink from the International Space Station at 
Douglas Middle School back in 2013.  There’s no better way to impress upon students 
the value of the outer space environment!  
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We Welcome Your Feedback!

Please visit our website:

www.protectouterspace.com

We have had time for just a quick overview today – but we hope you will visit our 
website, where you can access all of our documents.  Please feel free to contact us at 
any time!  We welcome your feedback.  Also, please sign up for our e-mail list if you 
have not done so already, and feel free to take copies of our materials from today’s 
presentation.
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Closing Thoughts

In closing, I would like to share a few words from a book I referenced earlier - Max 
Goes to the Space Station, by Jeffrey Bennett, one of our recommended resource 
books for grade 5.  He writes: Working in space may someday help us learn to live on 
other worlds, but its greatest value is in the way it teaches us the importance of 
taking care of our own world.  After all, no matter how far we travel in the future, 
Earth will always be our home planet, and if we don’t take good care of our home, no 
one else will.

We hope that the takeaway from this workshop is that we all must enlarge our vision 
of environmental literacy to include both Earth and space before it is too late!  Our 
very future depends on it!
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Thank You!

Any Questions/Comments?

Thank you!  Any questions or comments?
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