Teacher’s Guide

Exhibition Featuring Educational Content Provided by JPL and NASA

Background Information
for the Teacher

This engaging and thought

From the outset, visitors are prompted to grapple with

provoking exhibit appeals to

questions that have puzzled and enthralled thinkers since

visitors of all ages and on many

humans first turned their eyes to the heavens—

different levels. The nine major

Are we alone in the universe?

areas of the exhibit may be
viewed from several distinct
perspectives, thus providing rich
possibilities for investigations in

Are there new, alien worlds yet to be discovered?
Might life exist in extreme conditions unfavorable to most
life forms on Earth?

science, technology, engineering,

What kinds of technologies do we need to develop to

math, language arts, and social

extend our exploration into space?

studies.

How does artificial intelligence play a role?
What does it mean to be human?
Alien Worlds and Androids addresses all of these
questions and more, using multi-media displays, graphics
and charts, interactives, models, and replicas.

Within these pages you will find a brief overview of
each of the nine exhibit areas. The big questions are
highlighted. You may want to use these as focus questions
for students to investigate when you visit the exhibit.

/ / / / / / / / / / / / / / / / OVERVIEW OF THE EXHIBIT

Are We Alone?

Not so very long ago, alien worlds
and androids were the stuff of
science fiction. Now, thanks to
innovative thinking and creative
research coupled with rapid
advances in technology, perceptions
of what is possible continue to
evolve and expand at warp speed.

In this area of the exhibit, we discover
that science fiction has actually inspired
science. Mobile phones, bionic limbs,
robotic rovers, lasers, unmanned
spacecraft, and space telescopes are just
a few real-life examples of what were once
only imaginary feats of engineering.

?

This leads us to the question: Could life
also exist on exoplanets (planets outside
our solar system) with seemingly hostile
environments? Since new planets are being
discovered all the time the possibilities are
literally astronomical.
Students may explore these ideas throughout
the exhibit.

Scientists have also discovered life on Earth
in some very surprising places that would
seem to be too hot, cold, deep, dark, or
acidic to support life.

Exoplanet
A planet outside the Solar System.
A total of 888 such planets (in 693
planetary systems, including 133 multiple
planetary systems) have been identified
as of 16 May 2013.
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Looking for Life in Space

In this area, visitors are led to think more
about the idea of exoplanets. What
are the possibilities that intelligent life,
capable of communicating with us,
might exist among the billions of planets,
moons, and stars that make up the
universe?

“Goldilocks Zone”
A region of space where stellar conditions
are favorable for life as it is found on
Earth. The term is derived from the fairy
story of Goldilocks and the three bears,
where she tries the beds, chairs and
porridge and finds only one “Just right”.

Scientists are indeed weighing those
possibilities, and have developed
instruments to capture signals from
exoplanets. They have even made
mathematical calculations, called Drake’s
equation, to try to figure out how many
civilizations in the Milky Way might be
able to make contact.

?

What if astronomers found an exoplanet in the same “Goldilocks Zone”
as Earth, where conditions are not too hot and not too cold, not too
far or too close to the sun, but always just right? Would that increase
possibilities for intelligent life?
To investigate these concepts, students may take advantage of interactives
that explain the electromagnetic spectrum and how we search for
exoplanets, or try the Extreme Planet Makeover to manipulate variables
that have an effect on the likelihood of life in a particular environment.
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Alien Life On Earth

Scientists used to think that water and
sunlight were essential to life, and that
no life could survive under extreme
conditions of temperature, acidity, or
pressure. But then, biologists began
to discover living creatures that thrive
under some of the harshest conditions on
Earth—in deep-sea hydrothermal vents,
in fathomless caves, on methane–rich
ice in the ocean, and in hot springs
at Yellowstone National Park. These
creatures have been appropriately
named extremophiles.
New technology enables scientists
to collect impressive data on these
extremophiles. The exhibit describes the
submersible, ALVIN, with robotic arms,
thermometers, and cameras to explore
deep-sea hydrothermal vents; and the
Icy World Project that investigates the
possibility of life on Mars. The visitor
also gets a glimpse of some of the
extremophiles themselves, such as giant
tubeworms and crabs, microscopic
bacteria, and ice worms.

?

Thus, a big new question arises: If
life can exist on Earth under such
extreme conditions, then could life also
exist on planets thought to be without
living things because of their extreme
environments?
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Artificial Intelligence
and Robots

In this area we meet mechanical movie stars, among them the T-800 from
“The Terminator” series of films, as examples of science fiction technologies that have
inspired real-life technology. By working with scientists who study human behavior,
computer scientists and engineers have developed robots with artificial intelligence—
that is, the robots are capable of learning and thinking in ways similar to humans.

What’s the difference
between robots
and androids?
Robots are machines, computerized systems that combine
artificial intelligence, electronics, technology, and engineering.
Robots may take the shape of unmanned spacecraft or
deep-sea probes, for example, and are often used in
environments that are unsafe for humans. They are also
used extensively in manufacturing, performing repetitive
tasks flawlessly and uncomplainingly.
An android is a type of highly specialized robot and has
all the attributes of a robot, but it also has more humanlike qualities and appearance, like C-3PO of Star Wars. If
programmed appropriately, for example, an android can
use its mechanical hands to carry out tasks using the same
tools and equipment that humans use.
Additionally, students will have a chance to view FIRST robotics
competitions and be inspired to explore robotics further.
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Robot Space Explorers

Since it is our closest neighbor among
the planets, and since it is also in the
“Goldilocks Zone,” NASA has made
considerable use of robotic technology to
explore Mars and search for life above,
on, and below its surface.
NASA’s spacecraft and rovers to Mars are
interplanetary laboratories, fully equipped
with computers, cameras, magnifiers,
scoops, and drills. The assignment is to
analyze the soils and rocks, take photos,
make readings of the atmosphere, and
send data back to Earth.
In this area, guests will have a chance to
tag along with the rover Curiosity as it
makes its perilous interplanetary journey
to Mars.

?

What is the purpose of the mission to
Mars? How have robot space explorers
supported the ultimate goal to find out if
Mars is or ever was habitable.
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Explore the Solar System

Here visitors focus on our closest
neighbors in space: the Sun, the planets,
the moons, and the millions of asteroids in
our solar system.
Amazing technology developed over
decades of space exploration has
provided us with huge amounts of data
on every planet, many of the moons,
and some asteroids in our solar system.
Scientists have collected copious amounts
of data from the Apollo program, have
launched autonomous spacecraft such as
the Voyager, placed rovers and probes
into orbit, and continue to scan the
heavens with powerful telescopes.

?

How are we expanding
our knowledge about
our solar system?
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The Robotization
of Planet Earth

On display here are many examples of
robotic systems, both those that we see
in our every day lives and those that are
highly specialized for industrial, military,
and research purposes.

Everyday Robots
We will recognize familiar helper
machines such as GPS devices used
to navigate cars, pool cleaners, and
vacuum cleaners. Less familiar are the
surveillance robots that monitor pipelines,
the industrial robots that are programmed
to do repetitive tasks, the submersibles
that make underwater surveys, and the
aerial unmanned drones flying on military
missions.

?

What kinds of jobs do robots do for humans?
In this area students will have a hands-on opportunity to
manipulate mechanical arms and learn about the systems
that assist humans on a day-to-day basis.
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I-Cyborg

Computers are now an integral part of
our social and work lives, and for some,
even our physical lives. Like the fictional
cyborgs Iron Man and The Six Million
Dollar Man, real people can now
benefit from the development of robotic
body parts such as artificial hearts,
eyes, and limbs.

?

Have advances in technology made us less
human and more like machines? How have these
technologies helped humans in everyday life?
Imagine how technology might advance over the next
ten to twenty years?

Robotic Suits
Thus, like cyborgs, humans may now have their physical
abilities extended or replaced by mechanical elements.
For example, a robotic suit called ReWalk enables a
person with spinal cord injuries to walk again. And the
XOS Exoskeleton gives the wearer superhuman strength
equal to three times normal.
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Microbiome

Surprisingly, only one in ten cells in the human body is
a human cell. The other nine cells are “aliens” in a way,
consisting of bacteria, fungi, and viruses. Most of these
are beneficial microbes that aid in digestion, growth, and
warding off disease. Some, of course, cause illness, but if
we can keep the beneficial microorganisms healthy, then
we will keep our bodies healthy too.

human anyway?

?

What kinds of “aliens” inhabit the human body?
So, might we think of our bodies as ecosystems inhabited
by microbial wildlife? Or are these microbes really
extremophiles that have adapted to living inside the
ecosystem of our bodies? What does it mean to be

Pre-visit Activities

ACTIVITIES
GETTING READY FOR YOUR VISIT

Objectives
• To activate students’ prior knowledge about alien worlds, about the possibilities of life on
other planets, and about androids and robots and their role in `exploring exoplanets.
• To introduce appropriate vocabulary in context.
• To prepare students to make the best use of their time at the exhibit.
• To motivate students and to create interest in the exhibit.
• To raise questions.

Materials

Activities

• Chart paper and

1. Discuss some of the main topics students will explore while at the

markers
• One copy of the
exhibit floor plan
for each student
• Access to computers

exhibit. Use leading questions to get students thinking and asking their
own questions. On chart paper, record students’ contributions to the
conversation to use later in the post-visit activities. For example, ask:
• What do you understand by the title of the exhibit, Alien Worlds and
Androids?
• Do you think there are other planets besides our own (called
exoplanets) that support life? Why or why not?
• How might robots and androids be used to explore these exoplanets?
• Why would scientists want to develop androids with human-like
qualities? How might these androids help astronauts?
• What kinds of new technologies do you think humans are developing
or will need to develop in order to explore alien worlds?
• Encourage students to ask new questions, and record these as well.

Robot Space Explorers
Robotization of
Planet Earth

Artificial Intelligence
and Robots
Alien Life on Earth

Microbiomes

Looking for Life
in Space

I-Cyborgs

Exploring the
Solar System
Are we Alone

2. Preview the exhibit to generate interest.
• Distribute copies of the exhibit floor plan and discuss what students
want most to see.
3. Have students go to resources to find out more.
• Visit the website http://planetquest.jpl.nasa.gov to find out how many
new planets are being discovered, and to try out the interactives.
• Check out website called “Alien Life May Exist on Exoplanet Moons” at
http://www.space.com/19213-alien-life-possible-on-exoplanet-moons.
html
• At http://www.smithsonianmag.com/science-nature/Ten-InventionsInspired-by-Science-Fiction.html read about real life inventions
inspired by science fiction.

On-Site Activities

ACTIVITIES
DURING YOUR VISIT

Objectives
• To engage students’ interest.
• To focus students’ attention on the main topics featured in the exhibit.
• To promote thinking more deeply about one or more areas of the exhibit.
• To record observations on a Field Notes activity sheet.
Materials

Preparation

• 1 copy per student

Decide on how you will organize students to record their Field Notes

of the Field Notes
activity sheet

while at the exhibit. Here are a few approaches to consider:
• Group students to work individually or cooperatively in small groups.
• Assign students one topic to explore in depth. Alternatively, students
may select their own topic to explore in depth.
• Provide each student or team of students with a Field Notes activity
sheet on which to record the question(s) they are investigating and
the observations they make.
Activities
1. Give students a reasonable amount of time (10-15 minutes) to explore
the exhibit independently, and using the floor plan, seek out those areas
in which they have the most interest (based on the classroom discussion
and the resources they have investigated). At this time, students may also
try to find answers to the questions they posed in the pre-visit discussions.
2. Once the period of free exploration is over, have students organize into
their teams (if applicable), use the Field Notes activity sheet to record the
question(s) they will investigate, and record their observations in writing
and by drawing.

Post-Visit Activities

ACTIVITIES :: AFTER YOUR VISIT

Objectives
• To share findings, thoughts, experiences, and impressions gathered while at the exhibit.
• To reinforce the big ideas.
• To extend the project into more areas of the curriculum in creative and enjoyable ways.

Materials

Activities

• The chart of prior

1. Lead a discussion on what students learned from the

knowledge and

exhibit. Have students report briefly on the topics they

questions students

explored while on site.

generated in the
pre-visit activity.
• Students’ Field Notes
on the exhibit
experience.

2. Then ask:
• What did you learn that you never knew before? What
surprised you?
• What else would you like to know? What new
questions came up as you viewed the exhibits? How
might you find answers to those questions?
• What do you hope to see happen with technology and
exploration of alien worlds in the future?
3. To expand the conversation, circle back to the questions
students discussed in the pre-visit activity, and, using notes
taken on the chart during the initial discussion, prompt
students to revise and/or add to their original thinking
about alien worlds and androids.

4. To extend the project into other areas of the curriculum,
try the following:
Mathematics
• Revisit the website http://planetquest.jpl.nasa.gov periodically
to calculate how many new planets were discovered in the past
week and month. Make predictions about how many more will be
discovered in the next year.
Design and Engineering
• Find out about the FIRST program at http://www.usfirst.org. Explore
the website, then enter the competition to design and build a robot.
• Design and build a robot to perform a specific task.
• Demonstrate the benefits of designing androids that are built to
perform multiple, general tasks versus the oftentimes singular,
specific tasks of robots.
Science and Art
• Draw and/or build an imaginary exoplanet. Describe and illustrate the
life forms there and tell how they are adapted for survival.
Language Arts
• Write and illustrate an original piece of science fiction.
• Read more about scientists and researchers who study artificial
intelligence.

ACTIVITIES
Websites to Explore

http://www.nasa.gov/centers/kennedy/news/starwarsceleb-12.html
http://www.space.com/13689-nasa-amazing-mars-rover-curiosity-science.html
http://ed.ted.com/lessons/calculating-the-odds-of-intelligent-alien-life
http://science.howstuffworks.com/other-earth.htm
http://www.amnh.org/explore/curriculum-collections/deep-sea-vents/
hydrothermal-vent-formation
http://www.whoi.edu/alvin/
http://www.pbs.org/wgbh/nova/nature/life-in-the-abyss.html
http://www.space.com/6378-nasas-10-greatest-science-missions.html
http://web.mit.edu/newsoffice/2012/robots-hand-gestures-0314.html
http://www.nytimes.com/2012/08/19/business/new-wave-of-adept-robots-ischanging-global-industry.html?pagewanted=all
http://rewalk.com/rewalkers/
http://io9.com/5920874/10-ways-the-human-microbiome-project-could-changethe-future-of-science-and-medicine
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ONE

Robot Space Explorers
Robotization of
Planet Earth

Artificial Intelligence
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Exploring the
Solar System

Are we Alone

Which areas are you most interested in visiting?

Create a robot of your own, what task does it preform? Sketch it here:

Name_______________________________________________________
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NOTES
The question(s) I am investigating:

My observations:

Sketches of what I observed:

What I found out:

New questions:

Date__/___/____

Activity Sheet
TWO

Name_______________________________________________________
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Date__/___/____
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THREE

TRUE or FALSE
1. All robots are androids – True or False
2. There are more human cells in your body than there are other microorganisms – True or False
3. The Curiosity rover took 8.5 months to reach Mars – True or False
4. All organisms need sunlight to survive – True or False
5. Write your own true or false question and answer it.

6. Name Each Of The Planets
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