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Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1
4 days

What patterns in the sky set
the rhythms for our lives?
Anchoring Phenomenon

 

People across cultures and time have studied
the sky and relied on the sky in their lives.

We consider how changes in sunlight can impact our
daily lives, and then brainstorm other interesting
patterns in the sky based on our own experience,
stories from our friends and family, and a series of
podcasts about how humans across cultures and
throughout time have relied on and made
connections to the sky. We model some of the
patterns we have identified, develop questions for
the Driving Question Board, and then brainstorm
ideas for where to go next. We figure out:

Patterns in the sky set the rhythms for life on
Earth.

⇓ Navigation to Next Lesson: We decided to use planetarium software to make virtual observations of the sky.

LESSON 2
3 days

Why do we see seasonal
patterns?
Investigation

 

Patterns of the Sun in the sky and sunlight
over the globe vary in predictable patterns
every year.

We use planetarium software to observe the motion
of the Sun through the sky over a year. We notice that
in summer there the day gets longer, and the
apparent path of the Sun gets wider and higher. We
learn that Earth’s axis of rotation is tilted. We model
the system in small groups to explain the patterns we
noticed. We also use our models to explain seasonal
temperature variation. We figure out:

Because of Earth’s tilt, the sunlight shines on us
directly when we are tilted toward the Sun.
When we are tilted away from the Sun, the
sunlight is at an angle. This causes the seasonal
temperature changes we experience.
When the sunlight is direct on the top half of
Earth (the Northern Hemisphere), it is at an
angle in the Southern Hemisphere, and vice
versa. This is why the seasonal patterns are the
opposite in places like Australia and South
Africa compared to our area.

⇓ Navigation to Next Lesson: We went back to the DQB to see what questions we answered and to decide where to go next. We still had a lot of questions about the Moon, so we decided to investigate that
next.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
2 days

Why do we see the shape of
the Moon change?
Investigation

 

The apparent shape of the Moon from
anywhere on Earth’s surface changes over the
course of a month, growing to a full circle and
then shrinking to nothing.

We look at the current shape of the Moon and then
look for patterns in photographs of the Moon over a
month. We look at historic images of the Moon from
cultures around the world. We use a 3-D model to
help make sense of the positions of the objects in the
Earth-Sun-Moon system and how the apparent
shape of the Moon we see changes. We use an
interactive to help us explain how changes in the
position of the Moon affects the shape of the Moon
we see. We figure out:

The Moon is a sphere; it is going around Earth in
a (nearly) circular orbit.
Unlike the Sun, the Moon doesn’t shine on its
own.
Light from the Sun shines on only half of the
Moon; what we see when we look up at the
Moon is only the part of the sphere that
sunlight shines on.
The shape of the Moon we see from one day to
the next is a result of its position in space
relative to Earth; the shape can be explained in
terms of how much of the sunlit side we can
see.

⇓ Navigation to Next Lesson: We figured out that as the Moon moves around Earth, the part we can see that is lit up by the Sun determines what the shape of the Moon looks like to us. Though this explains
many of the changes we see in the shape of the Moon, we wonder if our model could explain any other patterns we see in the shape of the Moon, such as eclipses.

LESSON 4
3 days

What other patterns related
to the Moon can our model
explain?
Investigation, Putting Pieces Together

 Sometimes the Sun gets blocked by the Moon
and the daytime sky on Earth turns dark.

We watch videos of two kinds of eclipses. We try to
reproduce and explain what we saw in the videos
using a computer interactive and then with a physical
model of the system. We compile the ideas we want
to include in a conceptual model. We model and then
explain (in our own videos) how the position of the
Moon changes what you see on Earth in eclipses and
lunar phases. We provide feedback to our peers
before taking an individual assessment. We figure
out:

Sometimes the Moon looks like it covers the
Sun and we get a solar eclipse. Sometimes the
Moon falls into Earth’s shadow and we get a
lunar eclipse.
The Moon’s orbit is not perfectly flat relative to
Earth’s orbit around the Sun; it is tilted just a
little. This is why we don’t see eclipses every
month.

⇓ Navigation to Next Lesson: We figured out that lunar phases and eclipses occur because the Moon goes around Earth. But wonder why does the Moon do that? Why does it stay in the sky?
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LESSON 5
1 day

Why doesn’t the Moon fall
down onto Earth?
Investigation

A computer interactive allows us to simulate
the factors that affect the strength of the
gravity force on the Moon and its orbit around
Earth.

We consider why the Moon orbits Earth even though
it’s made of rocks, which usually fall down toward
Earth when thrown up into the air from Earth. We use
a computer simulation of the Earth-Moon system,
noticing how the mass and speed of the Moon and its
distance from Earth affect the force of gravity and the
Moon’s motion. Depending on how these factors
change, the Moon eithers stays in orbit, crashes into
Earth, or flies away. We figure out:

Gravity forces are attractive and increase in
strength with increased mass of the interacting
objects and decrease in strength as the
distance between the objects increases.
An object will only orbit a planet if it is moving
at the right speed and has the right amount of
gravity force acting on it. If the speed is too
slow or the force of gravity is too strong, the
orbiting object will collide with the planet. If the
speed is too fast or the force of gravity is too
weak, the orbiting object will fly away.

⇓ Navigation to Next Lesson: We wonder if it might be possible to put a rock into orbit around Earth, just like the Moon.

LESSON 6
1 day

How do objects get in orbit?
Investigation

A thought experiment demonstrates how, if
we could get an object moving fast enough in
the right direction, we could put it in orbit
around Earth like the Moon.

If the Moon is a rock in space, we wonder what it
would take to get an ordinary rock on Earth into orbit.
We read about a thought experiment involving a
cannonball launched from the top of a mountain, and
construct an explanation that orbiting objects are
pulled by gravity toward Earth like other objects, but
they move fast enough that they “fall” with Earth’s
curvature, never reaching the ground. We figure out:

Just like objects that fall toward Earth, an object
in orbit around Earth has a gravity force acting
on it, pulling it toward Earth.
However, orbiting objects have sufficient speed
and height that by the time they fall the
distance of their initial height, they have moved
far enough across Earth’s surface that the
curvature of the planet prevents them from
reaching the ground.

⇓ Navigation to Next Lesson: We figured out why objects orbit others in the solar system and took stock of those that we have already used to explain patterns in the sky, but we wondered about the other
orbiting objects in the solar system.
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LESSON 7
1 day

What is the solar system, and
how did it form?
Investigation

  

Objects in the solar system orbit the Sun in
characteristic ways.

We examine the structure and movement of objects
in the solar system using a interactive and then share
what we notice. Next, we watch a video about the
formation of the solar system to gather information
about the role of gravity in this process. We argue
how gravity led to the objects and the patterns of
motions of those objects (planets and moons) in the
computer interactive. We figure out:

Planets, asteroids, and comets orbit the Sun in
our solar system.
The stars and constellations appear fixed in the
sky behind the objects in the solar system and
do not orbit the Sun.
The solar system was formed billions of years
ago when a cloud of dust spun and gravity
pulled together most of the matter to form the
Sun and planets.

⇓ Navigation to Next Lesson: We feel like we have figured out a lot about the motions of objects in the solar system and how this explains the patterns we see in the sky. But have we explained all the patterns
we have set out to explain?

LESSON 8
3 days

How do systems in space
explain the patterns in the sky
that set the rhythms for our
lives?
Investigation, Putting Pieces Together

The patterns that we see in the sky that help
set the rhythms of our lives are explained by
the locations and motions of objects in space,
which are determined by gravity.

We look back at the DQB to identify a set of patterns
about stars that we haven’t explained. We watch a
video about seasonal constellations, and then in
small groups we make a physical model to explain
the patterns we see. We individually model these
systems on paper as an assessment. Then we take
stock of all the questions we have answered already
and get ready to shift gears and talk about life in
space. We figure out these ideas:

The patterns in the sky that help set the
rhythms of our lives are explained by the
locations and motions of objects in space,
which are determined by gravity.
Stars are scattered at different distances
from the Earth-Sun system, and we need to
change our scale and/or our perspective in
order to see and represent this. From our
perspective we see the familiar
constellations.
As Earth orbits the Sun, from the
perspective of Earth the Sun appears to
move through different constellations in the
sky. When this happens, we cannot see the
constellation because the Sun is out at the
same time.

⇓ Navigation to Next Lesson: We have explained a lot about how the motion of systems in space causes the patterns that have set the rhythms for life on Earth over thousands of years. But what about life that is
not on Earth? We know Earth isn’t the only planet in our solar system. Could there be other life out there too?
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LESSON 9
1.5 days

Are we alone?
Problematizing

Scientists have looked for life in places on
Earth they didn’t expect to find it and were
surprised to find living organisms there.

We compare various pop culture references to life in
space. We make a class barometer to show how
much we agree or disagree with the idea that there is
really life in space out there somewhere, and then
consider what questions we need to answer to
support our claims and add them to the DQB. Finally,
we make plans about where to go next to begin
answering our questions about life in space. We figure
out:

There are a lot of very different ideas out there
about life in space (extraterrestrials).
There is a lot we don’t know about whether this
popular idea from fiction could be a reality.

⇓ Navigation to Next Lesson: We have a lot of questions about life in space. We decide to look more closely at our own solar system to investigate the potential for life. We have some ideas about sources of data
that could be productive to look at more closely, including data from spacecraft and telescopes.

LESSON 10
1.5 days

Could there be life in our
solar system?
Investigation

 

The solar system consists of the Sun and a
collection of objects, some of which have the
potential for sustaining life.

We jigsaw gathering information from a series of
infographics to learn more about the diverse
collection of objects in our solar system where we
might look for life. We argue that there is potential for
life in our solar system, both past and present, but
that it is unlikely that it was or is intelligent. We
decide to investigate outside of the solar system
next. We figure out these ideas:

Our solar system is made up of a great
diversity of objects, including planets,
moons, asteroids, and dwarf planets.
There is the potential for life in our solar
system, both in the past and in the present.
We haven’t yet found any concrete
evidence of life in our solar system, and it is
unlikely that anything we find in the future
will be intelligent.

⇓ Navigation to Next Lesson: We agree that there is probably not intelligent life in our solar system, even if there is the possibility of microbes under the surface of Mars, or something bigger swimming around in
the oceans under Enceladus or Europa. But we are wondering about what else is out there, outside of our solar system.
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LESSON 11
1 day

Can we see systems like our
solar system around other
stars?
Investigation

 

When seen through a telescope, stars appear
brighter, but we still cannot make out any
detail about their surfaces or star systems.

We are wondering if there are systems around other
stars, so we read an article about looking at images of
stars through a telescope. The reading doesn’t answer
our questions because we don’t see planets around
other stars with our eyes, but we are not quite
convinced that this means there are definitely not
systems there. We figure out:

Light is the only way that we can get
information about objects outside of our solar
system because they are so far away.
Telescopes collect light from space so that we
can see objects more clearly.
Because light can travel through space, it
cannot be a matter wave, like sound or water
waves.

⇓ Navigation to Next Lesson: We looked at images taken through a telescope to see if there are planets around other stars, and we saw no evidence of planets. So we want to look at other kinds of evidence.

LESSON 12
3 days

How can we use light to
detect whether there are
planets around other stars?
Investigation, Putting Pieces Together

When we measure how bright the light is
coming from a star using a light meter, we
sometimes see dips in the light.

We compare two arguments about whether or not
other star systems include planets and decide what
additional evidence is needed to support either
argument. We use a model of a star system to
generate light curve data to establish what the data
would like if a star did have a planet. We look at light
curve data and see that there appear to be many
stars with planets. We figure out:

Scientists analyze the amount of light coming
from a star to collect evidence for orbiting
planets. They look for dips in the light that
could be caused by a planet blocking the light
from the star as it orbits.
The stars in the sky have planets orbiting
around them, and maybe even moons,
asteroids, and comets as well.

⇓ Navigation to Next Lesson: The evidence we collected indicates that there are a lot of star systems out there. We wondered what additional data would we need about each of these planets to determine if
there could be life on any of them and we started brainstorming other things we’ve seen change about the light from our Sun over time, besides brightness.
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LESSON 13
3 days

What else can light tell us
about planets in other star
systems?
Investigation

  
Exoplanets appear certain colors in images
due to the wavelengths of light they absorb or
reflect.

We use our experience with sunsets to think about
how the color of light changes as it passes through
the atmosphere of a planet. We play with prisms to
determine that sunlight is made up of all the colors.
We obtain information about how astronomers use
color, which tells us about the wavelength of light, to
learn more about the properties of exoplanets. We
figure out:

Light coming from a star is made up of all
the colors.
When light passes through glass, or air,
some wavelengths of light interact and get
absorbed or reflected, while other
wavelengths are transmitted without
interacting.
Which wavelengths of light are transmitted
depends on the substance the light is
moving through.
Scientists can break up light coming from a
star into the different colors, and look for
what color is missing.
The missing wavelengths of light tell us
information about what the exoplanets’
atmosphere is made of.

⇓ Navigation to Next Lesson: If we have some data about what the planet is made of we will know if there is water, or other chemicals associated with life. We want to research real exoplanets and find out more
about what’s out there, and what they are like.

LESSON 14
3 days

What is the potential for life
in other star systems?
Investigation

 

There is a huge diversity of exoplanets in our
galaxy, some of which hold the potential for
life.

We work in small groups to Obtain, Evaluate, and
Communicate Information about exoplanets from
multiple sources. We create podcasts to share with
the class that describe the exoplanet, where this
planet is compared to Earth, how the planet was
discovered, and create an argument about if this
planet could potentially support life.
We figure out:

There is a huge diversity of exoplanets in our
galaxy, some of which hold the potential for
life.

⇓ Navigation to Next Lesson: We were able to discover so much in the sky that seems invisible at first glance. But what else is out there that we can’t see? We are wondering if we could use a telescope to look
beyond the stars we can see.
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LESSON 15
2 days

What is beyond the stars?
Investigation

Our galaxy is one of many in the universe.

We look at a photo taken by the Hubble telescope of
blobs in the space between stars. We learn that these
are galaxies, islands of stars much like the ones we
see in the sky. We watch the movie Powers of Ten to
visualize how scientists model the universe at various
scales. We notice that the universe appears to be
organized into systems held together by gravity,
separated by vast emptiness. We figure out:

Earth orbits the Sun, making the Sun and Earth
part of our solar system along with other
planets, asteroids, comets, and so forth.
Moons orbit planets, creating subsystems of
the solar system.
Earth and its solar system are part of the Milky
Way galaxy, which is one of many galaxies in
the universe.
Gravity appears to dictate this organization
because in the places where there is stuff, that
stuff is held together by gravity.

⇓ Navigation to Next Lesson: While we now can describe the organization of systems in the universe due to gravity, we want to use this model to estimate the probability of success if we are looking for
extraterrestrial life.

LESSON 16
2 days

What is our place in the
universe?
Investigation, Putting Pieces Together

Scientists use mathematical models based on
their knowledge of the universe to consider
how many civilizations might be out there,
ready to communicate with us.

We are wondering if we can come up with an
estimate about the probability of life in space. We use
what we know about the universe to quantify the
probability of life in space. Finally, we go back to our
DQB to take stock of where we have been and reflect
on Earth’s very special place in the universe. We figure
out this idea:

The universe is vast, so even if extraterrestrial
life is extremely rare, it is still very likely that we
are not alone out there.

LESSONS  1-16
35 days total


