
Visit us at www.nationalgeographic.com/books/librarians-and-educators • Follow us on NGKidsBks

NATIONAL GEOGRAPHIC EDUCATOR’S GUIDE

NEXT GENERATION SCIENCE STANDARDS AND CLASSROOM ACTIVITIES



2 3

Astro_Aqua_CH0_FM_p1-10_REL.indd   4 5/31/17   2:44 AM

Instructional NOTE: 
The Next Generation Science Standards (NGSS) are built on the Core 
Disciplinary Ideas (CDIs) of the Framework for K–12 Science Education. 
In this Educator’s Guide, activities introduce, review, or otherwise 
address one or more of the CDIs used as the basis for the NGSS 
performance expectations for each grade level.

GRADE 2

ETS1.B:  Developing Possible Solutions Design can be conveyed through sketches, 

drawings, or physical models. These representations are useful in communicating ideas for a 

problem’s solutions to other people.  (K-2-ETS1-2)

•  Drawing tools
•  Paper
•  Imagination

MATERIALSDesigning the Future

Prior to reading Chapter 4, read aloud the chapter’s headline: 

“Why Do We Explore?” As a class, brainstorm potential answers to this question.

Then read the chapter aloud. As you read, pause to discuss relationships between 

the text, photos, captions, and illustrations. When you are done reading the 

chapter, revisit the question asked in the headline. Encourage students to add to their earlier 

thoughts. Guide them to recognize that the answer to this question lies in the fi rst sentence of 

the chapter: Humans are curious.

Then point out to the class that this chapter doesn’t just ask why people explore. It also examines 

when, where, and how we explore. In some cases, it even tells who did the exploring. Inform 

students that asking and answering question words like these is how people solve problems and 

learn new things. 

>>>
At the time, the divers just held their breath and 
dove. Later, early versions of a diving helmet 
were developed. The diving helmet was simply a 
bell-shaped metal container worn over the head. 
Air was trapped in the bell as it was submerged. 
The person could breathe as long as the air 
stayed in the bell. The problem was that the air 
did not last for very long, and the person was not 
able to dive very deep. It wasn’t until the 1700s 
that better, more efficient diving bells were  
created. These allowed divers to go as deep as  
36 feet (11 m). This seemed to be the point where 
diving became difficult. At this depth, the pres-
sure on the human body is twice that of atmo-
spheric pressure. Without a pressure suit, the 
divers’ lungs would constrict and their ears 

>>>

DRAWINGS OF DIVING GEAR FROM THE EARLY 1800S

AN INSTRUCTOR CHECKS ON A STUDENT LYING IN A DECOMPRESSION 
CHAMBER DURING A 1930 DIVING CLASS. 

would hurt. One diver explained the pressure in 
his ears as feeling like “a quill [or pen] was being 
stabbed into each ear.” Ouch! 

The first all-in-one diving suits with pressure 
control were designed in the early 1900s. They >>>
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Divide the class into two groups. Identify one group as “space” and the other as “sea.” Assign 

each group its corresponding timeline on pages 58–59.  Instruct groups to search the chapter 

for information about each entry on their timelines. Challenge them to write a caption answer-

ing as many of the question words as they can. Invite groups to share their captions with the 

class. Compare and contrast how technology has changed the way people explore sea and space 

environments.

Then review the activity “Design Your Own Space Suit” on pages 72–73. As a class, discuss the 

questions posed in the “Things to Think About” section. Brainstorm a list of other problems that 

would need to be addressed when designing a new sea or space suit. Encourage students to 

share ideas for solutions.

Then give each student two pieces of paper and access to drawing tools. Give students time to 

draw pictures of both a sea suit and a space suit that could be used on future missions. Remind 

them to include all the tools and safety equipment they might need for the trip. 

Invite students to share their drawings with the class. Compare and contrast the different 

kinds of suits. Discuss how identifying problems and solutions before they began drawing helped 

students create better suits. 

5

GRADE 3

LS4.C:  Adaptation For any particular environment, some kinds of organisms survive well, 

some survive less well, and some cannot survive at all.  (3-LS4-3)

•  Drawing tools
•  Paper

MATERIALS

>>> Adapting to New Environments

Read aloud Chapter 3, “Making a Home,” on pages 44–57. As you read, pause to 

discuss relationships between the text, photos, diagrams, and captions. 

After reading the chapter, create a Venn diagram. Encourage students to compare 

and contrast the size, shape, location, contents, and accommodations in sea and 

space habitats. Challenge the class to create a list of items people would need to 

survive in each place. Encourage students to review the chapter to ensure they don’t overlook 

anything essential, such as air, food, power, or a way to communicate with mission control on 

Earth’s surface.

Point out to students that sea and space habitats are research stations. People live and work 

in them for a limited amount of time. There is not room for anything that isn’t essential to the 

mission. Because of that, people can’t take everything they want on the trip. They must adapt to 

survive with the items that are available. 

Give each student a piece of paper and access to drawing tools. Tell students to draw a design 

for their own sea or space habitats. Challenge them to include all of the essential items the class 

identifi ed earlier. 

Then have students make a list of things they’d like to take but couldn’t. Encourage them to iden-

tify creative ways to adapt existing supplies, the 

environment, or their own behaviors so they can—

in some form—take these things on the trip, too. 

Invite students to share their designs with the 

class. Then poll the class to see if students think it 

would be easier to adapt to life in a sea or space 

habitat. Challenge them to support their opinions 

with information from the chapter. 

UP: LIVING IN SPACE
The ISS is currently the only long-term dwelling  
in space. It is about the size of a five-bedroom 
house and can safely hold a crew of six people.  
The station can accommodate up to 10 people  
living and working there. The extra number is for 
when astronauts or cosmonauts, Russian astro-
nauts, fly up to join the crew or are getting ready 
to leave the ISS to head home. The ISS has living 
areas, research labs, sleeping areas, and of  
course, an air lock for docking spacecraft. It’s a 
combined effort of five different space agencies 
from the United States, Russia, Japan, Canada, 
and Europe. Each agency has its own research lab 
and living quarters. There is a joint area for 
advanced life support, oxygen generators, water 
recycling, a treadmill, and a toilet.  

DOWN: LIVING IN THE OCEAN
If you are chosen to do research under the sea,  
you will probably be going to Aquarius. Aquarius is 
one of the only functioning long-term underwater 
research stations in existence. It is located 60  
feet (18 m) below the surface in the Florida Keys 
National Marine Sanctuary. Aquarius sits on a  
sand patch and is next to a coral reef, which is a 
great place for research and study. The Aquarius 
research station is an 80-ton (72-t) cylindrical 
chamber. If it were on land, it would weigh about  
as much as 10 elephants. Aquarius is much smaller 
than the ISS. It is only 43 feet (13 m) long and  
9 feet (2.7 m) wide. That’s about the size of two 
grown elephants standing in a row. There is room 
for four scientists and two technicians to live 
onboard. The main living area, or main lock,  
contains six bunks for sleeping, computer work  
stations, two large windows, and a kitchen. The 
entry lock is a smaller room where you will find 
communication equipment, the air conditioning  
and heater controls, a sink, a toilet, and life- 
support equipment. An important part of  
Aquarius is the wet porch. It is how the crew 

It is so wonderful to live in space—on a space 
station—that I didn’t really want to go home! In 
fact, very quickly, it felt like home to me. I loved 
feeling like a pioneer, getting to explore our 
solar system and come back and tell everyone all 
about it. I loved looking at planet Earth and 
realizing that everyone I knew was down there, 
and I was here, on a space ship. I realized that 
we are all from one place, and that the borders 
between countries don’t separate us as people.

—Cady Coleman, astronaut 

     What is it like 
to LIVE IN SPACE 
          for a LONG TIME? 

ASTRONAUT TRACY CALDWELL DYSON LOOKS THROUGH A WINDOW 
IN THE CUPOLA OF THE INTERNATIONAL SPACE STATION. 

members enter and leave the research station. 
Unlike the ISS, where the doors are on the sides, 
Aquarius has a door on the bottom or floor of  
its station. 

In order to get into Aquarius, you will scuba 
dive down to the wet porch and come up from 
the sea access point. The wet porch is about the 
size of a normal bedroom. It is fully enclosed and 
has an air lock at one end that connects it to the 
rest of the living space. The air pressure can be 
increased or decreased depending on what is 
needed for the divers. This is where you will store 
your scuba gear, along with the rest of the  
crew’s gear. Next to the wet porch is a gazebo. It 
is there for emergencies in case of total power 
failure on Aquarius. It has enough air for six crew 
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As the population of the Earth keeps growing, 
there has been a lot of discussion about where to 
expand. Should we build space stations on the 
moon? Should we have a colony on Mars? Perhaps 
it would be better to build underwater communi-
ties or cities? The only way to decide is to 
research and invent new technology that would 
make this possible. Living under the sea would 
keep people safe from violent weather systems, 
tsunamis, and even severe temperature swings. It 
would allow humans a unique view of underwater 

SPACE COLONIES AND

life. Living in space would be a new adventure, 
one that might involve new temperatures, 
weather systems, and environments. It would 
expose humans to a new view of space and the 
sky and would offer them the chance to explore 
a new planet or moon. 

The prospects are endless. The idea may 
seem far-fetched, but it is one that’s being  
discussed—even planned for. Which new  
world sounds appealing to you? 

CONCEPT CITY ON MARS

What Have We Learned?86
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GRADE 4

•  Poster board
•   Access to research 

resources, such as 
the Internet

•  Access to a printer
•  Scissors
•  Glue or glue sticks

MATERIALS

ESS2.B:  Plate Tectonics and Large-Scale System Interactions The locations of 

mountain ranges, deep ocean trenches, ocean fl oor structures, earthquakes, and volcanoes 

occur in patterns. Most earthquakes and volcanoes occur in bands that are often along the 

boundaries between continents and oceans. Major mountain chains form inside continents or 

near their edges. Maps can help locate the different land and water features areas of Earth.  

(4-ESS2-2)

Learning From Earth’s Systems

Invite students to read Chapter 5 in pairs or small groups. As they read, instruct students to 

pause and discuss relationships between the text, photos, captions, and illustrations.

After reading, remind students that people have learned a lot from exploration both in space 

and under the sea. Then point out that, with each new discovery, people want to learn more. They 

want to know what its like in the deepest parts of the ocean and the farthest reaches of space. 

Unfortunately, we can’t actually go to these far-off places. But we can use what we already know 

about water and landforms on Earth to help us understand them. Review the information on 

pages 76–77 comparing Hawaii’s volcanoes and the potential icy volcano on Enceladus, one of 

Saturn’s moons, as an example.

Divide the class into pairs. Give each pair a piece of poster board. Instruct students to lay down 

their poster board vertically and draw a line to divide it in half. Tell them to label the top section 

“What Can Space Teach Us About the Ocean?” Have them label the bottom section “What Can the 

Ocean Teach Us About Space?” 

Give students time to conduct research. Challenge them to fi nd at least one example that 

answers each question. Instruct them to gather pictures and write summaries explaining each 

ocean/space connection. Have pairs add the examples to their posters.

Invite students to share their posters with the class. Discuss how each connection could lead to 

important discoveries about the ocean or space in the future.

>>>
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>>>
   It’s extremely difficult to train for the 

microgravity environment in space here on 
Earth. After all, you can’t get away from gravity. 
For years, the only way that astronauts-in- 
training could experience “real” microgravity 
was through a pretty crazy plane ride. NASA  
has a KC-135A turbojet called the “Weightless 
Wonder” that allows astronauts to float for 25 
seconds. How does it work? The plane flies up  
to 26,000 feet (7.9 km) and then starts an 

extremely steep climb curving upward in an arc 
shape. It races upward as fast as it can. The  
people inside feel a huge pull of gravity, more 
than 1.8 times the normal amount. As the plane 
curves downward and goes into sort of a free 
fall, astronauts free-fall as well. They float for up 
to 25 seconds and then the plane levels off. It’s a 
short time to experience weightlessness, but it 
gives the astronauts a tiny idea of what it will  
be like in space.

Astronauts go up in space. They also go 
deep under the water. While it may  

seem strange, NASA trains its astronauts  
in a facility that has long been used by aqua-
nauts. The NASA Extreme Environment 

Discovering  
    Operation
       NEEMO

Blasting Off or Taking the Plunge30
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GRADE 5

•   2 pieces of twine or string
   1 piece long enough to tie around 

your waist and your friend’s with about 
18 inches (46 cm) in between

     1 piece about 18 inches long
•  A large plastic cup
•  A tennis ball
•  An eye screw
•   A friend, an adult, and a large open 

space where you won’t bump anything

MATERIALS

ETS1.B:  Developing Possible Solutions At whatever stage, communicating with peers 

about proposed solutions is an important part of the design process, and shared ideas can 

lead to improved designs. (3-5-ETS1-2)

Solving Problems Together

Prior to reading Chapter 2, “Blasting Off or Taking the Plunge,” prepare a tennis ball and 

twine as outlined in the activity “Docking the ISS,” on pages 42–43. If you wish, prepare more 

than one set.

Depending on how many tennis balls you prepared, select two volunteers or divide the class 

into pairs. Have students complete the experiment. Challenge them to apply what they 

learned from the experience as they answer the “Things to Think About” questions at the 

end of the activity.

Then have students read Chapter 2 in pairs, in small groups, or on their own. As students read, 

encourage them to pause to discuss relationships between the text, photos, and illustrations.

After reading, challenge students to explain why the activity “Docking the ISS” was a good 

way to demonstrate what this chapter is about. (It shows the importance of training, under-

standing forces, and communication. Space and deep-sea explorers rely on these things to 

solve problems when they work.)

Divide the class into small groups. Instruct each group to identify itself as astronauts or 

aquanauts. Then have each group write a script outlining communication between the 

explorers and mission control as they blast off into space or take the plunge into the sea. 

Instruct students to use details from the chapter to describe what they see as they go. 

Challenge them to write a plot in which they encounter and solve a problem along the way. 

Each group member must have a role in the script.

Invite groups to present their scripts to the class. As they do, have classmates discuss how 

training, understanding forces, and communication helped each crew survive its mission.

>>>
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buoyancy

gravity

pressure

gravitygravity

pressurepressure
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MIDDLE SCHOOL

PS2.A:  Forces and Motion The motion of an object is determined by the sum of the forces 

acting on it; if the total force on the object is not zero, its motion will change. The greater the 

mass of the object, the greater the force needed to achieve the same change in motion. For any 

given object, a larger force causes a larger change in motion. (MS-PS2-2)

>>> Exploring Forces

Invite students to read Chapter 1, “Exploring New Environments,” in pairs, 

in small groups, or on their own. As students read, encourage them to pause 

to discuss relationships between the text, photos, and illustrations.

After reading, provide access to the supplies required for the “Sink or Float” 

investigation on pages 24–25. Have students conduct the experiment in 

small groups or as a whole-class activity. Encourage students to compare 

the results they see to the illustrations as they complete each step. 

Point out to the class that this experiment displays the connection between pressure, 

gravity, and buoyancy on an object in water. Understanding what these forces are and how they 

are connected is critical for aquanauts, who explore Earth’s oceans. It’s also important to the 

people who design their equipment. (See the sidebar “Why Are Submersibles Round?” on page 19.) 

But forces affect astronauts in space differently.     

Divide the class into small groups. Identify half of the groups as astronauts and the other half 

as aquanauts. Instruct groups to review the chapter to summarize how forces affect people and 

other objects in space or under the sea. Then, using the sidebar on page 19 as an example, have 

each group compose fi ve questions that illustrate how forces affect space or sea explorers. 

If they cannot fi nd suffi cient information to answer a question in the chapter, encourage them 

to conduct additional research. Challenge them to also fi nd a photo or illustration related to 

each point.

Invite groups to share what they learned with the class. After all groups have presented, 

compare and contrast how forces affect people exploring in space and under the sea.

MATERIALS

•   A pen cap, otherwise 
known as your 
“submersible”

•   A piece of clay or putty 
that is waterproof

•   A 2-liter bottle fi lled 
with water

•   Cap to the 2-liter bottle

MIDDLE SCHOOL
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STANDARDS

Grade 2
ETS1.B:  Developing Possible Solutions Design can be conveyed through sketches, 

drawings, or physical models. These representations are useful in communicating ideas for a 

problem’s solutions to other people.  (K-2-ETS1-2)) 

Grade 3
LS4.C:  Adaptation For any particular environment, some kinds of organisms survive well, 

some survive less well, and some cannot survive at all.  (3-LS4-3) 

Grade 4
ESS2.B:  Plate Tectonics and Large-Scale System Interactions The locations of 

mountain ranges, deep ocean trenches, ocean fl oor structures, earthquakes, and volcanoes 

occur in patterns. Most earthquakes and volcanoes occur in bands that are often along the 

boundaries between continents and oceans. Major mountain chains form inside continents or 

near their edges. Maps can help locate the different land and water features areas of Earth. 

(4-ESS2-2) 

Grade 5
 ETS1.B:  Developing Possible Solutions At whatever stage, communicating with peers 

about proposed solutions is an important part of the design process, and shared ideas can 

lead to improved designs. (3-5-ETS1-2) 

Middle School
PS2.A:  Forces and Motion The motion of an object is determined by the sum of the forc-

es acting on it; if the total force on the object is not zero, its motion will change. The greater 

the mass of the object, the greater the force needed to achieve the same change in motion. 

For any given object, a larger force causes a larger change in motion. (MS-PS2-2)
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