
EDUCATOR’S GUIDE
INSIDE:

BIG QUESTIONS and TEACHING
STRATEGIES for the show

CORRELATION to STANDARDS 
and other Adler EXHIBITS

GLOSSARY and Online and print 
RESOURCES

Reto Stöckl, NASA NASA/ESA
Rogelio Bernal Andreo 
(Deep Sky Colors)

http://blog.deepskycolors.com/about.html
http://blog.deepskycolors.com/about.html


WORK URL 2

What does it mean to explore?
Exploration can mean different things to different people and doesn’t just 
mean traveling to unknown places. In astronomy, it is about understanding 
different celestial objects in our universe through the use of telescopes. For a 
world traveler, it’s about rediscovering places for themselves. For a small child, 
it’s about finding new sights, sounds, and textures. What does it mean to you?

What have humans explored?
Humans have visited large portions of the Earth and set foot on our nearest 
celestial neighbor, the Moon. We have also sent robotic missions to the surface of 
Venus and Mars as well as instruments in orbit around the outer planets. Our 
technology physically limits us to our solar system. That doesn’t stop us from 
creating tools to help further our understanding of things beyond our reach. By 
studying light emitted by celestial objects with telescopes we have learned what 
other stars are made of, the age of the universe, and that the universe is 
expanding faster and faster with time, to name just a few things.

What can we continue to explore?
There are many things in the universe that we still have questions about. For 
example, we don’t know why the universe accelerating in its expansion. We may 
want to know more about the Earth, other planets, stars, galaxies, or even the 
universe as a whole. In order to ask questions, we need to know what’s already 
out there, figure out what we do know and, more importantly, what we don’t 
know. There’s plenty to still learn about.

What are the ways we can explore the universe?
We have engineered a multitude of tools that help us study objects. In space 
sciences, this includes satellites, space- and ground-based telescopes, and 
robots. We also have conceptual tools like mathematics, models, and 
simulations. However, one of the biggest and best tools we have is us. We 
work together on all of these problems, come up with the ideas and help 
inspire each other to not only answer questions, but to ask new questions so 
we can continue to explore.

Why is it important to explore?
Humans have an insatiable curiosity. Exploration, in any form, is about finding 
answers and new knowledge that helps us understand the world around us. The 
answers to our questions can lead to great new discoveries that help humans make 
our lives better or help us make sure we do not cause too much harm to our 
surroundings. Exploration also allows us to know what our place is in the universe 
and understand our effects and responsibilities to diminish those effects.
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Overview of the Show

“Welcome to the Universe” gives the visitor a chance to traverse the universe, 
using the Grainger Sky Theater as a virtual spaceship. You begin on Earth, looking 
at the night sky and exploring what is seen with the naked eye. Next, you fly 
above the Earth and look at man made satellites that help us understand our 
planet, including the International Space Station. You then visit the Moon and 
Mars and learn about previous human exploration. As you go farther, you see 
different objects within our galaxy before flying 1 billion light years through 
thousands of known galaxies and back again to our beautiful home, the Earth. 

THEME 1
Human Technology 
and Exploration

We use many 
technologies to 
understand the world 
around us. These 
include satellites like 
Aqua and Terra that 
are discussed in 
“Welcome to the 
Universe”. We use 
telescopes in order to 
gather light from 
objects to study. One 
example is the Sloan 
Digital Sky Survey 
that scans portions of 
the universe in order 
to catalog galaxies and 
other celestial 
objects. We have also 
sent many unmanned 
missions to the surface 
of Mars, including the 
Curiosity Rover 
mentioned in our 
show, due to land in 
August 2012.

THEME 2
The Dynamic 
Universe

The Earth is dynamic. 
Some of the changes are 
too slow for humans to 
notice. An example 
would be how mountain 
ranges form over 
millions of years. Others 
are quite sudden like 
volcano eruptions or 
tornadoes. Global 
climate change, which 
we now monitor 
regularly, occurs over 
decades. On much larger 
scales, the universe also 
changes. Some examples 
include Galaxies 
colliding and merging, 
like the Milky Way and 
Andromeda, stars that 
explode when they die, 
or galaxy clusters 
clumping together over 
time to form a large 
cosmic web.

THEME 3
Large Scales 

“Welcome to the 
Universe” starts at 
the scale of our 
planet and goes out 1 
billion lightyears. 
This does not even 
cover the entire 
observable universe. 
On different scales 
we can learn about 
the universe and how 
it has evolved. On the 
largest scales we can 
see large galaxy 
clusters, where over 
time galaxies have 
been drawn into large 
groups due to the 
gravity. As the 
galaxies clumped 
together, they also 
left large voids with 
very few objects, 
creating a beautiful 
cosmic web, featured 
in the show.
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Before the Visit
•Discuss with students some of the big questions at the 

beginning of this document. However, on the next page 
are more content specific and grade appropriate 
questions that may be good to discuss and teach 
beforehand. Choose the questions that match your 
curriculum best or use your own questions based on 
major themes of the show 

discussed above. 

•Just before the visit, 
encourage students to think of 

questions that they would like more information 
about and how they might want to explore those 
answers.

•Show them pictures of the Grainger Sky Theater 
and the Museum so they are prepared for what they 
will be seeing and the space they will entering.

•Once you are at the Adler, make sure to check out the statue of Jim Lovell covering 
the Earth with his thumb as he orbited the moon. It is located in the Rainbow Lobby. 
Do this before the show as students will be asked to do the same thing in the show.

After the Visit
Revisit these questions and the Big questions 
after the visit and see what students learned. In 
order to foster students curiosity, perhaps allow 
them to do a project that lets them explore 
questions they formulated during their visit. In 
their project, they can ask questions, use 
different tools to answer what they can, and 
explain what future work they or other 
scientists can do to answer new questions.  The 
final product could be a poster, a written 
proposal, a presentation to the class. Consider 

allowing students to create a tour within the 
software called World Wide Telescope. It is availabe for free here:

http://www.worldwidetelescope.org/
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ELEMENTARY SCHOOL
•What objects are out in space or in the sky? 
How do they move? 

•What is the sun? What is a star? What is a 
galaxy? 

•What are stars/galaxies made of? 

•What is a satellite? What is a telescope?

MIDDLE SCHOOL
•What are star clusters and galaxy clusters? 
How are they similar and different? 
•In what ways does the Earth/Universe 
Change? 
•What are satellites and why are they 
important, what can they tell us? 
•What are different kinds of telescopes and what can 
they tell us? How are they similar and different? 

HIGH SCHOOL
•How big is the universe?
•How does gravity affect structure in the 
universe? 
•How does the Earth/Universe change over 
time on different size and time scales? 

•What are the different types of galaxies and 
how are they similar and different? 
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MIDDLE SCHOOL

HIGH SCHOOL

A.1 Identify Questions that can 
be answered through scientific 
investigations

A.3 Use Appropriate tools and 
techniques to gather, analyze, 
and interpret data

D.1 Structure of the Earth 
System

D.2 Earth’s History

D.3 Earth in the Solar System

12.D.3a Explain and demonstrate how 
forces affect motion 
12.E.3b Describe interactions between 
solid earth, oceans, atmosphere and 
organisms that have resulted in ongoing 
changes of Earth.
12.f.3c Compare and contrast the sun 
as a star with other objects in the Milky 
Way Galaxy
13.B.3c Describe how occupations use 
scientific and technological knowledge 
and skills

A.1 Identify questions and 
concepts that guide scientific 
investigation

B.4 Motions and Forces

D.1 Energy in the Earth System

D.3 The origin and evolution of 
the Earth system

D.4 The origin and evolution of 
the universe

11.B.4a Identify a design problem that has 
practical applications and propose possible 
solutions, considering such constraints as available 
tools, materials, time and costs.
12.D.5b Analyze the effects of gravitational, 
electromagnetic, and nuclear forces on a physical 
system
12.E.5 Analyze the processes involved in naturally 
occuring short-term and long-term Earth events
12.F.4a Explain theories, past and present for 
changes observed in the universe
12.F.5b Describe the size and age of the universe 
and evaluate the supporting evidence

National Science Standards: Illinois State Learning Standards

National Science Standards: Illinois State Learning Standards

5

Illinois State Learning Standards
ELEMENTARY SCHOOL

A.1 Ask a question about 
objects, organisms, and events 
in the environment

B.1 Properties of Objects and 
Materials

B.2 Position and motions of 
objects

D.2 Objects in the Sky

National Science Standards:

11.1.1b Develop questions on scientific topics
12.C.1b Compare large scale physical 
properties of matter
12.D.1b Identify observable forces in nature 
12.F.1a Identify and describe characteristics 
of the sun, Earth, and moon as familiar 
objects in the solar system.
13.B.2a Explain how technology is used in 
science for variety of purposes
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The Universe:  A Walk Through Space and Time
This exhibit, opening July 2012, explores cosmology, the study of the universe as a 
whole. It allows you to walk along a timeline of the universe, starting with the big 
bang. You look at the first few minutes of the universe and how they factored into our 
current state. An aspect of cosmology is studying how the large, web-like structure of 
galaxies came to be. This large scale galaxy structure is shown in the “Welcome to 
the Universe”. 

Shoot for the Moon
A powerful moment in the show asks visitors to watch the 
“Earth Rise” as it would have been seen by Apollo astronauts 
during their trips to the Moon. “Shoot for the Moon” takes 
visitors on a journey through the human flight to the Moon. 
It looks at the story of Jim Lovell and his desire to explore 
space and how we managed to use technology and our own 
determination to achieve this amazing feat. The statue of 
Jim Lovell covering the Earth with his thumb, as visitors are 
asked to do with during the show, greets people as you enter 
the museum through the Rainbow Lobby.

Solar System Gallery
The Solar System Gallery takes the visitor on a tour of the 
planets and asteroids in our solar system. It includes pieces of 
Mars and the Moon,  two locations featured in “Welcome to 
the Universe”, that you can look at and even touch.  It also 
gives students a chance to look at a replica of a Mars Rover. 
Two of these rovers were sent to the surface of Mars to 
explore the surface. The next martian rover, curiosity, is 
discussed in the “Welcome to the Universe” as well as some 
future ideas for remote exploration.

Telescopes: Through the Looking Glass
Telescopes allows visitors to explore how these staples of 
astronomy have evolved over time and shows pieces of 
modern telescope technology. It is through these 
instruments that astronomers are able to explore the 
observable universe. Though telescopes are not a large 
feature of “Welcome to the Universe” they are discussed in 
terms of exploring through light. The technology featured 
here can help students think about the tools necessary for 
astronomical exploration.
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Online Resources

Scale of the Universe
http://htwins.net/scale2/

Gravity Recovery and Interior Laboratory (GRAIL)
http://www.nasa.gov/mission_pages/grail/main/index.html

Lunar Reconnaissance Orbiter (LRO)
http://lro.gsfc.nasa.gov/

Earth Observing System (EOS)
http://earthobservatory.nasa.gov

International Solar System (ISS)
http://www.nasa.gov/mission_pages/station/main/index.html

Mars Science Laboratory and Curiosity Rover
http://marsprogram.jpl.nasa.gov/msl/

Other NASA Mission Highlights
http://www.nasa.gov/missions/index.html

Sloan Digital Sky Survey (SDSS)
http://www.skyserver.sdss.org

World Wide Telescope
http://www.worldwidetelescope.org/

Adler Information and Resources

Hours
Check Website for most up to date hours
Address
1300 Lake Shore Dr. Chicago, Il 60605, on the Museum Campus
Adler Exhibits
http://www.adlerplanetarium.org/experience
Educate with the Adler
http://www.adlerplanetarium.org/educate
Additional Adler Teacher Resources
http://www.adlerplanetarium.org/educate/resources
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Andromeda galaxy - the nearest large galaxy to 
our own home, the Milky Way. It will one day 
collide with us to form a new galaxy

astronauts - individuals that travel into 
space, often staying in orbit around the 
Earth. They come from science or military 
pilot backgrounds

astronomy - the scientific field of 
study on the properties and physical 
laws of celestial objects

big bang - the moment over 13 billion 
years ago with the universe began to 
expand from a very hot and dense state

celestial objects - objects in space including such things as stars, 
galaxies, nebulae, black holes, and many other things

cosmology - the study of the universe as a whole entity

dynamic -  constantly changing

galaxy - a large collection of at least a billions of stars. They can be flat (spiral 
galaxy) or round (elliptical galaxy). They also contain 
matter that we can’t see, known as dark matter

galaxy cluster - A large collection of many 
galaxies that are bound by a mutual 
gravitational pull

International Space Station - A large 
satellite orbiting the Earth that astronomers 
stay in and work on science experiments

lightyear - the distance light travels in 1 year, 
about 5.8 trillion miles

Milky Way galaxy - A spiral galaxy made of about 300 billion stars, which 
includes our sun and solar system

models - an often simplified representation of the natural world through the use of 
diagrams and mathematics

observable universe - the part of the universe that we can directly see through 
telescopes or other instruments
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Image Credit: 
GALEX, JPL-Caltech, 
NASA

Image Credit:
 Shuttle Crew 
STS-64, NASA

Image Credit: STS-130 Crew, NASA

http://www.galex.caltech.edu/
http://www.galex.caltech.edu/
http://www.nasa.gov/
http://www.nasa.gov/
http://science.ksc.nasa.gov/shuttle/missions/sts-64/mission-sts-64.html
http://science.ksc.nasa.gov/shuttle/missions/sts-64/mission-sts-64.html
http://science.ksc.nasa.gov/shuttle/missions/sts-64/mission-sts-64.html
http://science.ksc.nasa.gov/shuttle/missions/sts-64/mission-sts-64.html
http://www.nasa.gov/
http://www.nasa.gov/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts130/main/index.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts130/main/index.html
http://www.nasa.gov/
http://www.nasa.gov/
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planet - a rocky or gaseous sphere that does not emit its own light and orbits 
around a star

robots - machines that are controlled through computers

satellites - devices that are in orbit around the Earth

solar system - a collection of planets, their moons, 
asteroids, and comets that orbit around our sun.

simulations - a computer model that uses known 
laws of physics to help describe the physical 

processes

Sloan Digital Sky Survey - a project that used a 
telescope to map ¼ of the observable universe

stars - a large, shining stable ball 
of gas and plasma

star cluster (globular and 
open cluster) - a grouping of stars that are bound 
together by gravity. Globular clusters are very old 
and live in the outskirts of the Milky Way. Open 
clusters are young and live within the Milky Way’s 
disk

telescopes - instruments made of lenses or mirrors 
that focus light from distant celestial objects

universe - all existing matter and space

voids - vast regions of space with a very low density 
of objects
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ImageCredit: NASA, ESA, W. 
Clarkson (Indiana University 
and UCLA), and K. Sahu 
(STScI)

Image Credit: NASA, ESA, 
L. Sromovsky (University of 
Wisconsin, Madison), H. 
Hammel (Space Science 
Institute), and K. Rages 
(SETI)

http://www.nasa.gov/
http://www.nasa.gov/
http://www.spacetelescope.org/
http://www.spacetelescope.org/
http://www.stsci.edu/
http://www.stsci.edu/
http://www.nasa.gov/
http://www.nasa.gov/
http://www.spacetelescope.org/
http://www.spacetelescope.org/
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Size Scale
The actual size of the universe is unknown. However, we know from our various studies 
using telescopes, the universe is about 13.7 billion years old. Now, light from objects 
travels at about 186,000 miles per second. We can use this to define a distance of 1 
lightyear, the distance light travels in one year. This is about 5.8 trillion miles. As a result, 
we can only see objects in our universe that have had the time to travel to Earth for us to 
see. Beyond that, we can only guess the true size of the universe, though we suspect it is 
infinitely large. 

Time Scale
The universe, as mentioned above, is believed to be about 13.7 billion years old. The solar 
systems and our sun are about 4.6 billion years old, only about 33% the age of the entire 
universe.  Humans on the other hand, have only existed for about 200,000 years. That is .
001% of the entire existence of the universe! The existence of humans is been incredibly 
brief compared to astronomical time scales.

Number Scale
 There are billions of galaxies in our observable universe. Each galaxy has hundreds 
of billions of stars. That means there are more than 1 billion x 100 billion stars out there 
(thats 10^20 stars or 100,000,000,000,000,000,000 or 1 sextillion stars) that we know 
about. This does not include things outside of our observable universe. To give a sense of 
how many stars this really is, imagine the entire United States filled with 400 feet of rice. 
Each rice grain would represent a single star in our observable universe. Now, we also 
expect most of those stars to have at least one planet, if not more. How many planets 
would that be out in the universe? 

Thought Exercise for thinking about number scales. 
Imagine each line has the length of 1000 (103)

1000

1000

10
00

1000*1000 
= 1,000,000

10
00

1000

10
00

1000*1000*1000 
= 1,000,000,000

  

 

LENGTH AREA VOLUME

Thousand

Million

Billion
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Most of the matter in our Milky Way is concentrated in our disk. However, globular 
clusters are very old, almost as old at the universe itself! That means they have had 
time to migrate to the outer regions of our Milky Way. As a result they are orbit in a 
spherical distribution around the center of the galaxy.

Globular clusters can help us figure out the age of the universe. At one time we 
thought the universe was only 10 billion years old, until we found 12 billion year old 
globular cluster. You can’t have something in the universe older that universe itself! 
So how do we get the age of star clusters?

All the stars in a star cluster form at around the same time, meaning all stars will be 
about the same age. How long a star lives, is determined by its mass, where the most 
massive stars live for ~1 million years and the lease massive live for about 20 billion. 
Within a cluster, we can find the largest stars that are still living. Knowing how long 
those stars are able to live tells us the age of the cluster. For instance, if the largest 
stars left are about the size of the sun, and we know sun-like stars live for about 10 
billion years, we know the cluster is around 10 billion years old. If it were younger, 
larger stars would still be around, if it were older, the sun-like stars would have died.

Open Clusters
Radius: ~few lightyears
No. of Stars: ~few 
thousand
Location in Galaxy: disk
Age: ~few million years

Globular Clusters
Radius: ~10s of lightyears
No. of Stars: ~millions
Location in Galaxy: ~outskirts of 
galaxy
Age:~8-12 billion years old

Globular Clusters

Open Clusters Image Credit: NASA, COsmic 
Background Explorer (COBE) Project
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