
LESSON 8: How do systems in space explain the patterns in the sky that set the
rhythms for our lives?

PREVIOUS LESSON We examined the structure and movement of objects in the solar system using a computer interactive and then shared what we noticed. Next, we watched a
video about the formation of the solar System to gather information about the role of gravity in this process. We argued how gravity led to the formation of
objects and the patterns of motions of those objects (planets,moons, and stars) in the interactive.

THIS LESSON

INVESTIGATION, PUTTING PIECES
TOGETHER

3 days

We look back at the DQB to identify a set of patterns about stars that we haven’t explained. We look at data
about stars to figure out that we will need to model a different perspective at a larger scale in order to explain all
the star patterns. 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.

NEXT LESSON We will return to the home learning to compare various pop culture references. We will read about extremophiles to think about where we might find life in
space. We will add questions to the DQB about the possibility of life in space. We will 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. We will decide what data we need to find evidence for life in space.

BUILDING TOWARD NGSS

MS-ESS1-1, MS-ESS1-2, MS-ESS1-
3, MS-PS2-4, MS-PS4-2

WHAT STUDENTS WILL DO

8.A Develop a model of stars and our solar system by representing subsystems of systems at different scales.

8.B Respectfully provide and receive critiques about a model of systems in space that explains patterns we see in the shape and motion of objects
in the sky.

8.C Construct an explanation of patterns we observe in the shape and motion of stars in the sky using a model of stars and our solar system.

WHAT STUDENTS WILL FIGURE OUT

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.
These patterns of apparent shape and motion can be described, predicted, and explained with models of the solar system and its
subsystems at various scales.
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.



Lesson 8 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 7 min NAVIGATION
Consider what we have figured out so far about how systems in space can
produce patterns in the sky and identify a set of patterns we have not yet
answered all our questions about.

A-B chart paper, markers, DQB

2 18 min ZOOMING OUT TO SEE THE SUN AS ONE OF MANY STARS
Use data on Star Data as evidence to decide that it makes sense to think of
stars as part of a larger system than our solar system, and we may need two
perspectives to model them accurately on paper.

C-O Star Data, Modeling Multiple Perspectives at Different Scales, 3-D constellation
model made before class using Constellation Template

3 12 min ZOOMING IN ON OUR SOLAR SYSTEM
Consider the scale of our solar system, and how we might zoom in and out
on various subsystems of our solar system to create more accurate
representations.

P-S Modeling Multiple Perspectives at Different Scales,
https://www.youtube.com/watch?v=zR3Igc3Rhfg

4 8 min CONSENSUS MODEL FOR CONSTELLATIONS
Create a class consensus model for explaining constellations using our new
conventions for zooming between scale or perspective.

S Modeling Multiple Perspectives at Different Scales, Consensus Model for
Constellations poster, markers, Stellarium or a similar planetarium software

End of day 1

5 3 min NAVIGATION
Take stock of the star patterns that we have explained so far and highlight
what we have yet to figure out.

Star Patterns poster, DQB

6 12 min CONSIDERING SEASONAL STAR PATTERNS
Notice the patterns in stars we see in the Ojibwe constellations over a year.

U-W www.teachersopensciedfieldtest.org/space, The Loon, The Great Panther

7 27 min PHYSICAL MODELING
Make a physical model in small groups to explain seasonal constellations,
using Observing a Physical Model of Seasonal Constellations as a guide.

X-AA Observing a Physical Model of Seasonal Constellations, 1 4-inch sphere, axis
dowel and wooden base, 1 bare-bulb lamp, 1 ruler, 1 Sharpie marker, 2 copies
of Stayer and Strayer Peer Feedback, The Loon, and The Great Panther

8 3 min NAVIGATION AND SELF-ASSESSMENT
Assign home learning where students reflect on the peer feedback from their
physical models.

BB Peer Feedback Self Assessment

End of day 2

9 25 min ASSESSMENT: MODEL THE STAR PATTERNS INDIVIDUALLY
Students use Model of Star Patterns Assessment to develop a model
individually as an assessment to explain patterns we see in the stars.

CC Model of Star Patterns Assessment, Key Model of Star Patterns

10 15 min TAKING STOCK
We go back to the DQB to take stock of what patterns we have explained by
modeling systems in space.

DD-EE 3 sticky dots, 1 marker, 1 5” x 8” index card, tape, push pins (optional), DQB



Part Duration Summary Slide Materials

11 5 min NAVIGATION AND SHIFTING GEARS
Navigate into the next lesson set by shifting gears and getting students
thinking about the potential for life in space. Send students home to collect
pop culture references to life in space.

FF-GG Extraterrestrials in Pop Culture

End of day 3



Lesson 8 • Materials List
per student per group per class

Lesson
materials

science notebook
Star Data
Modeling Multiple Perspectives at Different
Scales
Observing a Physical Model of Seasonal
Constellations
Peer Feedback Self Assessment
Model of Star Patterns Assessment
3 sticky dots
Extraterrestrials in Pop Culture

1 4-inch sphere
axis dowel and wooden base
1 bare-bulb lamp
1 ruler
1 Sharpie marker
2 copies of Stayer and Strayer Peer
Feedback
The Loon
and The Great Panther
1 marker
1 5” x 8” index card
tape
push pins (optional)

chart paper
markers
DQB
3-D constellation model made before class using Constellation
Template
https://www.youtube.com/watch?v=zR3Igc3Rhfg
Consensus Model for Constellations poster
Stellarium or a similar planetarium software
Star Patterns poster
www.teachersopensciedfieldtest.org/space
The Loon
The Great Panther
Key Model of Star Patterns

Materials preparation (60 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Test the video www.teachersopensciedfieldtest.org/space ahead of time.

Review the unit front matter for an overview of how systems and systems models, scale proportion and quantity, and patterns are scaffolded in this unit.

Prepare chart paper for posters. The posters you will make in this lesson are as follows:
Star Patterns
Key for Modeling Space Systems
Consensus Model for the Constellations (with a horizontal line through the middle)

Be sure you have materials ready to add the following words to the Word Wall and/or a personal glossary: constellation, extraterrestrial. Do not post these on the Wall until after your class has
developed a shared understanding of their meaning.

Build the 3-D constellation model using Constellation Template, 8.5” × 11” florist foam (or cardboard), 4 skewers, a 1” ball of modeling clay, and 4 1” Styrofoam spheres (or marshmallows).
1. Tape Constellation Template to the foam (or cardboard).
2. Cut 4 skewers to the following lengths: 10”, 9.5”, 8.5”, and 2.5”. Leave the pointy end attached so that you can use it to pierce the foam (or cardboard).
3. Poke a Styrofoam sphere (or marshmallow) with the blunt end of each skewer.
4. Using the sharp ends, poke the 10” skewer into the star Imai, the 9.5” skewer into the star Mimosa, the 8.5” skewer into the star Acrux, and the 2.5” skewer into the star Gacrux. If

necessary, use a little modeling clay at the base to keep the skewers in place.

file:///tmp/www.teachersopensciedfieldtest.org/space


Lesson 8 • Where We Are Going and NOT Going
Where We Are Going

This lesson puts the pieces together from both Lesson Set 1 and Lesson Set 2. At the end of this lesson, students should be able to demonstrate competence on the following performance
expectation and related DCIs: MS-ESS1-1: Develop and use a model of the Earth-Sun-Moon system to describe the cyclic patterns of lunar phases, eclipses of the Sun and Moon, and seasons.
In Lesson Set 2 we also developed the following performance expectations: MS-ESS1-2: Develop and use a model to describe the role of gravity in the motions within galaxies and the solar
system, and MS-PS2-4: Construct and present arguments using evidence to support the claim that gravitational interactions are attractive and depend on the masses of interacting objects.
While this lesson is grounded in a set of phenomena we have not explained yet (constellations and seasonal star patterns), the goal is to use what we figure out to generalize across all the
patterns we have described using models to help students see how many of the patterns we see in the sky can be explained using models of space systems and subsystems at various scales
and that the motions in those systems are all determined by gravity.

Where We Are NOT Going

We have not yet begun to organize the systems outside of our solar system. We will add an additional scale and perspective to our understanding of the role of gravity in organizing the
universe in Lesson Set 3 when we add a galactic scale to our models.



7 min

LEARNING PLAN for LESSON 8
1 · NAVIGATION
MATERIALS: science notebook, chart paper, markers, DQB

ADDITIONAL
GUIDANCE

Connections to Me and My Community
Students consider several constellations in this lesson. Some of these come from Greek or Roman traditions,
some from Ojibwe traditions, and some from Aboriginal Australian traditions. Communities across the world
use different constellations to make sense of and give meaning to the patterns they see in the sky. Make room
for students to suggest alternative constellations to the ones presented in this lesson that they may have heard
in their homes or that they might see in the sky independent from any cultural tradition.

At the end of this lesson, there is an opportunity for students to bring part of their authentic selves into the
classroom. This can be a powerful way to support students in forging connections between their identity
outside of the classroom and the science ideas they engage with inside the classroom. For students who have
no interest in science fiction, framing their families, friends, and communities as legitimate funds of knowledge
can serve multiple purposes. It can (1) help students feel like they belong in the science classroom by situating
their family and community knowledge as productive resources for science, (2) engage students’ families in
conversations about what is happening in the classroom, and (3) help students make connections between the
science classroom and their everyday lives.

Review the unit front matter for an overview of how this unit is designed to help students see why the patterns
in the sky are relevant to their lives, their communities, and life on Earth.

What have we accomplished? Project slide A. Invite students to quickly flip through their science notebooks and find some of the patterns
we’ve investigated to this point. Very briefly recall what we figured out from investigating those patterns.

Suggested prompt Sample student response

How did we figure out why daytime is longer in the summer in the
Northern Hemisphere?

We made a physical model of the Earth-Sun system, including the tilt
of Earth.

We looked at data of the distance from Earth to the Sun over a year
and saw that this wasn’t it.

How did we figure out why the Moon changes shape over a month? We made a physical model of the Earth-Sun-Moon system.

Say, After we figured out what interactions caused these patterns, we dug a little deeper into the system to figure out how gravity caused the parts of
the system to end up interacting this way in the first place.



18 min

Suggested prompt Sample student response

How did we figure out why the Moon is in orbit around Earth, and why
Earth is in orbit around the Sun?

We used a computer interactive to do experiments with the Earth-
Moon-Sun system and observe the effect on the gravitational force.

We learned about Newton’s thought experiments from readings and
videos.

Draw students’ attention to what we have not yet explained. Say, It sounds like we figured out a lot of things about the patterns of the Moon and
the Sun. What about some of the other things we see in the sky?

Suggested prompt Sample student response

What have we figured out about stars and planets? We figured out that planets also orbit the Sun.

We figured out that stars don’t orbit the Sun; they seem to stay in the
same place.

How did we figure these things out? We used a computer interactive to observe the motions of planets in
the solar system.

Say, So in Lesson 7, we noticed that the stars were not going around the Sun. Instead, they seemed to stay in the same place. I’m curious about this,
aren’t you?

Return to the DQB to find questions about stars. Project slide B and say, I think we still have some questions about stars. Let’s go back to the
DQB and find all our questions about stars.

Look for students to point to questions about stars or constellations or even the zodiac or horoscopes. Record these patterns on chart paper
at the front of the room, with the title “Star Patterns.”

Say, It sounds like we haven’t fully explained all the patterns related to stars yet. I wonder if we can put together a physical model that can explain
those patterns.

2 · ZOOMING OUT TO SEE THE SUN AS ONE OF MANY STARS
MATERIALS: science notebook, Star Data, Modeling Multiple Perspectives at Different Scales, 3-D constellation model made before class using Constellation Template

Think back to Lesson 7 to make public what we know about stars. Present slide C. Say, We want to figure out how to add stars to our models
and try to explain some of these patterns. What did we observe in Lesson 7 about where stars fit into the system we have been modeling? Turn and
talk to a partner.



After 1-2 minutes, ask students to share out. Highlight student ideas about gravity and systems. You can use the prompt response table
below as a guide.

Suggested prompts Sample student responses Follow-up questions

What did we observe in Lesson 7 about
where stars fit into the system we have been
modeling?

Stars may be very far away.

Stars seem fixed in the sky around everything
else in the system.

Stars don’t seem to be affected by the Sun’
gravity.

Stars don’t appear to orbit the Sun.

That’s interesting; what evidence do you have
that the stars are far away?

That is a great observation. What does that
observation mean about where stars fit in
the system?

Look for students to point to the fact that gravity from our solar system is not affecting these stars and/or that they are not in our solar
system. Also look for students to point to the fact that the stars are not moving, so they are probably not orbiting the Sun. Say, It sounds like
we agree that the stars are not orbiting the Sun, and that means that maybe they are not really affected that much by the gravitational forces we
have been learning about. Do you agree? Make sure everyone has come to consensus around this idea.

Present slide D. Ask, What do we know about the factors that affect the strength of gravity forces between two objects that might explain this? Look
back in your notebooks at Lessons 5 and 6. What did we figure out about what might make gravitational forces between our Sun and the stars very
weak? Once you have had a chance to look in your notebooks, turn and talk with a partner.

After 1-2 minutes, ask students to share out. Look for the following ideas:
The stars may be very small.
The stars may be very far away.
The stars may be going very fast.

Decide what data we need. Present slide E. Ask, What data do we need to figure out which of these explanations might help us understand where
stars fit in the system? Look for students to suggest the following:

data about how big stars are
data about how far away stars are
data about how fast stars are moving

Say, I thought you might be curious about this, so I did a quick internet search. There are so many stars in the sky, so I chose just the stars in the Crux
constellation, otherwise known as the Southern Cross, because we heard about it in a few of the podcasts in Lesson 1 and because there is a star in
that constellation called Alpha Centauri that is the closest star to our Sun. For the indigenous Tukano people of Northwestern Brazil, these stars form
the Tortoise. Hand out Star Data. Ask students to work on this handout individually or in pairs.



ADDITIONAL
GUIDANCE After students have completed Star Data, pause to

record the word constellation on your Word Wall or in
students’ personal glossaries.

Process the data about stars together. When students have finished filling in Star Data, project slide F. Ask, What question were we trying to
answer? Look for students to suggest that we were trying to figure out why stars appear not to be orbiting the Sun.

Project slide G, and ask, Why did we see the stars in the interactive appear to be standing still and not orbiting the Sun?

Look for students to explain that the stars are too far away for us to see their movement and too far away (and perhaps moving too fast) for
the gravity force of the Sun to have any effect.

Brainstorm how to make a physical model of constellations. Project slide H. See the table below for examples of how students might
respond.

Suggested prompts Sample student responses Follow-up questions

To us, all the stars in the sky appear to be the
same distance from Earth. Is this an accurate
representation of the stars? Explain your
answer.

The distances to them are really different.
They are actually far away from each other
and scattered through space in 3-D.

So are you saying that the constellations
look one way from our perspective on Earth,
but we wouldn’t see them that way if we were
someplace else in space? Does everyone
agree?

If we were to make a physical model out of
Styrofoam spheres as stars and skewers to
show the distance, like we have been doing,
what would it look like?

The spheres would be on sticks so that at one
angle they would look like a constellation,
but the sticks are actually different lengths,
so if you walk around them it doesn’t look like
a constellation anymore.

That’s a great idea, maybe we can put that
together later.

Demonstrate a physical model of constellations. Take out the constellation model that you created before class of the Tortoise (Crux) using
Constellation Template. Hold the model and walk around so that students can all see what it looks like from the top. Then hold the model
sideways and rotate it so that students can see what the model looks like from other angles.



Then present slide I and ask, How does this model explain the constellations we see in the sky? Turn and talk to a partner. Elicit student ideas
briefly before moving on. Look for students to describe how the model shows that the stars can be at different distances from Earth, but we
can only see them as a 2-D pattern.



Establish similarities in scale between the Sun and the stars. Ask the other questions (3 and 4) on the handout and project slide J. See the
table below for examples of how students might respond.

Suggested prompts Sample student responses Follow-up questions

If these stars are the same size or larger than
the Sun, why do they appear so small?

Because they are so far away they look
small.

Can you give me some evidence from your
experience of things far away looking
smaller?

What do you think you would see if you could
get close to a star, about as far as Earth from
our Sun?

I think it would be really big and bright, like
the Sun.

You think it would look like the Sun. Do other
people think that stars would look like the
Sun close up?

At this point, you may have students who know that the Sun is a star. Regardless of whether students bring this knowledge, you have
established a potential similarity between these objects.

Present slide K and say, We think that the Sun and the stars are probably very similar, it’s just that the stars are very, very far away. If the stars are
really that far away and not interacting with the Sun or any of the planets through gravity forces, are they even in the same system that we have been
modeling? Turn and talk. Give students 1 minute and then take a show of hands. Ask, How many people decided that stars might be in a different
system? Look for most students to raise their hands.

Present slide L and remind students, In previous units, we have talked about how we get to decide what is inside a system and what is
outside a system based on what we find interesting. We can also break systems into smaller systems, called subsystems. As an example, in

Inside Our Bodies Unit we learned about interacting subsystems in the human body. How are these six systems on the slide subsystems that make up
a larger system? Look for students to suggest that these systems have parts that interact, but that they also interact together to make our
bodies function.



ASSESSMENT
OPPORTUNITY

Building towards: 8.A Develop a model of a system in space that is too large to see from our perspective on
Earth, using multiple perspectives at different scales, and use this model to explain patterns we observe in the
shape and motion of objects in the sky.

What to look/listen for: Use this moment to formatively assess the level of scaffolding your students will need
around systems and subsystems.

What to do: If students are stumped by the prompt How are these six systems on the slide subsystems that make
up a larger system?, spend extra time here making explicit what it means to bound a system. Highlight that
these decisions are arbitrary. Consider using Systems Modeling Scaffold to revisit what a system is and how to
decide what is and is not in a system. Then use the human body context to consider how organs can make up a
system and that these systems can make up a larger system. Explain that we can call these smaller systems
subsystems.

Present slide M. Say, All these subsystems are at about the same scale as the body. That makes it easy to represent them all together on one slide.
But we also talked about subsystems of these subsystems that are much, much smaller, like a cell. How did we represent where something on a very
different scale fits into a larger system? Turn and talk to a partner.

Present slide N and say, Here is how we represented this in Cup Design Unit. Maybe we can get some ideas for how to represent subsystems within
larger systems from this as well.



12 min

Establish a convention for multiple systems at different scales. Present slide O. Ask, If stars are really a different system or maybe a different
subsystem of the same system, how are we going to represent this in our models? How can we draw two systems that are at such drastically different
scales in the same model? Turn to the model you made in your notebook in Lesson 4 and consider with you partner, how would you represent stars in
this model when they are at such a different scale? When you have an idea, sketch it on this handout in the first box. Hand out Modeling Multiple
Perspectives at Different Scales.

Give students 3-5 minutes to sketch their ideas in the first box on Modeling Multiple Perspectives at Different Scales. As students work, move
from group to group and look for models that represent stars at one scale and then indicate zooming in on a star to show the solar system.
Approach these groups and ask if they would share their model with the class. Ideally, choose 2-3 groups to share. When you bring the class
back together, ask these students to hold up their drawings and describe how they represented stars as a different subsystem at a different
scale.

Ask, Did anybody else try to represent zooming in or zooming out in their models? If another group volunteers, give space for a couple more
students to share.

Make a key to record your conventions that includes zooming boxes. There are a couple of different versions of this zooming convention
that you might agree on.

In the examples in this Teacher Guide (during the consensus model), the class is using a thick box with an arrow to indicate
subsystems within systems that can’t be seen at that scale.
Another approach would be to add a piece of chart paper above or below the model created by the group to model at another
scale and use a box with an arrow to indicate how the Earth-Sun-Moon system chart is a subsystem of this system or vice-versa.

Briefly review the conventions we established in previous units for indicating force pairs. Make a key on chart paper at the front of the room
to record these decisions; title this poster “Key for Modeling Space Systems”. In addition, remind the class that we need to indicate
perspective for each system and subsystem.

3 · ZOOMING IN ON OUR SOLAR SYSTEM
MATERIALS: science notebook, Modeling Multiple Perspectives at Different Scales, https://www.youtube.com/watch?v=zR3Igc3Rhfg

Consider our solar system. Present slide P. Ask, What would it take to make a physical model of the solar system that more accurately represents
the relative scale of the objects in the system and the distances between them? Turn and talk to a partner. Elicit student ideas and revoice ideas
about using a larger space to allow for representing larger distances, like an auditorium, a football field, or a long path.

Present slide Q. Say, I found this video where some guys did exactly that--they modeled the solar system to scale. They decided they had to go all
the way out into the desert to have enough room to do this! As you watch, jot down what you notice and what you wonder. Ask students to prepare
their notebooks to record their ideas in a T-chart as shown on the slide. Then pull up the video https://www.youtube.com/watch?v=zR3Igc3R
hfg and play it for students. Solicit a couple of noticings from students quickly before moving on.

https://www.youtube.com/watch?v=zR3Igc3Rhfg


ALTERNATE
ACTIVITY

If your students are interested or suggest the idea, you could spend an extra day building a scale model of the
solar system with the class, either physically or virtually. If your school has a football field, you can use a Ping-
Pong ball for the Sun (and place it on the zero-yard line), peppercorns for the four gas giants (Jupiter, Saturn,
Uranus, and Neptune), and grains of kosher salt to represent the terrestrial planets (Mercury, Venus, Earth, and
Mars). The planets should be held by students as follows:

Mercury at the 1-yard line,
Venus at the 2-yard line,
Earth at the 3-yard line,
Mars at the 5-yard line
Jupiter at the 17-yard line,
Saturn at the 32-yard line, and
Uranus at the 64-yard line.

If you are making a virtual model, start with a physical model for Earth and the Moon to establish scale. Use a
marble and a peppercorn for Earth and the Moon, placed about a foot apart. Then use Google Maps to drop
pins at the locations of the Sun and the other planets. Using a marble to represent Earth, like in the video, the
Sun would be about 4-1/12 feet (1.37 meters) in diameter, perhaps the height of a sixth grader. First drop a pin at
the Sun, which will be 579 feet (176.48 meters) away from the classroom. Going out from the Sun, Mercury is
224 feet (68.28 meters) away, Venus 447 feet (136.25 meters), Mars 881 feet (268.53 meters), Jupiter 0.57
miles (917.33 meters), Saturn 1.1 miles (1.77 kilometers), Uranus 2.1 miles (3.38 kilometers), and Neptune 3.5
miles (5.63 kilometers) away.

Point out limitations of models. Say, We can’t really do a model as these people did. So I think we are just going to have to accept our physical
models as imperfect when it comes to representing the relative scale of objects in our solar system and the distances between them. But that’s OK.
This is often the case for scientists, that a model can be useful for explaining something but is inaccurate in some other way. That is the nature of
models in science.

Apply our new convention to the solar system. Say, If we can’t model the whole system accurately inside the classroom with a physical model,
maybe we can use our zooming convention to model it on paper. Let’s try it out. Present slide R and ask, Could we use this new convention to show
where this Earth-Moon subsystem fits into the larger solar system?

Ask students to quickly sketch what this might look like in the second box on Modeling Multiple Perspectives at Different Scales. Say, Zooming is
a way to change perspective. Whenever you zoom in or out, make sure to label the perspectives that you took in each zooming box.

ADDITIONAL
GUIDANCE

Look for students to have at least two perspectives in their sketches, one that is hovering near or above the
Earth-Moon system and one that is zoomed out, hovering much further away and above the entire solar
system. If students are not representing multiple perspectives, ask challenge questions like these:

Can you show me how this subsystem fits into a larger system?
Can you show me what subsystems fit into this system?

After five minutes, say, I saw a lot of people zooming out from the Earth-Moon subsystem to a larger system that includes the Sun and other
planets. I think this could be helpful for explaining some of the patterns we see in the sky related to stars since stars are so far away. Let’s try it out.



8 min4 · CONSENSUS MODEL FOR CONSTELLATIONS
MATERIALS: Modeling Multiple Perspectives at Different Scales, Consensus Model for Constellations poster, markers, Stellarium or a similar planetarium software

Develop a consensus model to explain constellations. Project slide S. Say, Let’s see if we can use our zooming convention from Modeling
Multiple Perspectives at Different Scales to represent how these subsystems fit together into one system and explain the constellations we see in the
sky.

Draw students’ attention to a piece of chart paper that you have prepared with a horizontal line through the middle and the title “Consensus
Model for Constellations.” Ask, What should the smallest scale be in order to explain constellations? Look for students to say the sky from Earth
(or Earth and the sky from near Earth). Sketch this in the bottom half of the chart paper.

Choose a constellation to model as a class. The constellation modeled here is Ursa Minor, which shares many stars with the Loon. You might
choose to model the Loon or the Great Panther instead, or the Tortoise (Crux). If you choose to model the Tortoise (Crux), remember to
position your observer in the Southern Hemisphere! Use www.stellarium.org or a similar planetarium software to show students the
constellation you have decided to model.

Then ask, What does this look like when we zoom all the way out, so far out that we can see the Sun and the other stars at the same scale? Look for
students to suggest that the Sun will look like just another star, maybe with a little solar system around it, and that the stars that make up the
constellation you have chosen to model will look different, with the stars scattered in space in three dimensions if we move far enough away.
See a possible representation on the next page.

file:///tmp/www.stellarium.org


3 min

Navigation. Present slide T. Ask, How did zooming out to another scale help us explain the constellations better than if we had included only one
scale? Elicit a couple of student ideas and then say, This seems like a powerful way to help us explain the patterns we see in the sky. Let’s see if we
can finish explaining star patterns next time we meet, and then you will get a chance to model all these patterns on paper in an individual
assessment.

End of day 1

5 · NAVIGATION
MATERIALS: Star Patterns poster, DQB

Take stock of the star patterns that we have explained so far. Point to the Star Patterns poster and say, Which patterns from this list did we
explain last time? Look for students to point to one or more of the following patterns, if they are on your poster:

From a perspective hovering above the solar system, the stars are fixed--they do not move compared to each other.
The stars appear very tiny.
The stars are organized in constellations that seem constant.

If there are questions on the DQB about seasonal star patterns or the zodiac, point to these questions now. Say, We haven’t yet explained the
patterns that happen over a year that we had questions about.



12 min6 · CONSIDERING SEASONAL STAR PATTERNS
MATERIALS: science notebook, www.teachersopensciedfieldtest.org/space, The Loon, The Great Panther

Consider the movement of stars over a year. Say, Let’s refresh our memory about the patterns we see over a year.

Cue up www.teachersopensciedfieldtest.org/space and say, As you watch, take note of what you notice in the video in your notebook using a
noticings and wonderings chart because we are going to model this physically in groups. And then you will get the opportunity to demonstrate your
understanding and your modeling and explanation skills individually on paper as an assessment next time we are together. Display slide U and
present www.teachersopensciedfieldtest.org/space , which uses Stellarium to observe the movement of Ojibwe constellations over a year,
when observed at 12 AM. Play this short clip 2-3 times and solicit noticings.

Students will notice that the Loon rotates around Polaris but does not disappear under the horizon. The Great Panther, on the other hand,
disappears in June and does not reappear until late in the year.

file:///tmp/www.teachersopensciedfieldtest.org/space
file:///tmp/www.teachersopensciedfieldtest.org/space


27 min

Navigate to the physical model using the prompts below.

Suggested prompt Sample student response

This video showed us changes in the sky over a year. Can someone
remind me what a year represents?

A year is the time it takes Earth to go around the Sun.

So if the pattern we see is repeating over a year, what parts do we
think might be important to include in our physical model of the
system?

Earth, Sun, stars.

Can someone remind us of what we did to make a physical model of
the Earth-Sun system before?

Styrofoam sphere and lightbulb.

Present slide V. Ask, Is this model that we make of the Earth-Sun-stars system going to accurately represent scale? Why or why not? Turn to a
partner and discuss.

Give students a minute and then elicit student ideas.
Look for students to say that the stars are so far away that it is not possible to include them accurately in the physical model.
Students may also point out that even the foam Earth and the lamp Sun will not be to scale as their distance at the scale of our
model will be outside of the classroom, if not outside of the school.
Students may also point out that the lightbulb is significantly smaller than the Sun would have to be to be at the same scale as the
foam Earth.

Navigate to building physical models of stars. Present slide W. Say, If we are sticking with modeling a scale where we can see the Sun and Earth,
we need to represent what the stars look like at that scale, not at the one represented in the Crux model. We saw a computer model at solar system
scale in Lesson 7. What did the stars do in the visualization in Lesson 7?

Students should remember that the stars didn’t appear to move. Say, OK, so let’s make them fixed in place. Because from our perspective here,
that’s what they do. I’ve got some images of these constellations that we are going to need to figure out how to keep fixed. Hold up copies of The
Loon and The Great Panther. Say, It sounds like whoever is holding these constellations as part of the model is going to have to stand still.

7 · PHYSICAL MODELING
MATERIALS: Observing a Physical Model of Seasonal Constellations, 1 4-inch sphere, axis dowel and wooden base, 1 bare-bulb lamp, 1 ruler, 1 Sharpie marker, 2 copies of Stayer and Strayer Peer
Feedback, The Loon, and The Great Panther

Make a physical model to explain seasonal constellations. Present slide X. Tell the class, Let’s see if we can make a physical model of this
seasonal pattern in the visible constellations in small groups before trying to develop a drawing to model star patterns individually. Hand out
Observing a Physical Model of Seasonal Constellations to guide students.

ADDITIONAL
GUIDANCE

One way you can provide feedback while you’re looking at the students’ models is to say something like, I
noticed (x). That made me wonder (y), where x and y are things that you want to provide guidance about. For
example, I noticed here that your Great Panther constellation is up pretty high in the sky. That made me wonder if an
observer might see something different if it was lower down. What do you think?



Invite two students to stay while two students stray. Display slide Y and pass out two copies of the Stayer and Strayer Peer Feedback to each
group, one for the stayers and one for the strayers. Ask each group to nominate half of their group to spend 5-10 minutes visiting other
groups' models. If your groups are larger than four students, ask only two students to stray while the rest of the team stays to curate their
physical model. Only one roving pair of students should be visiting any stationary pair of students at a time. In order to facilitate this, you can
set a timer for two minutes and ask all strayers to rotate to another stayer group at the same time when the timer goes off. At each model,
students should use the Stayer and Strayer Peer Feedback handout to guide their interaction. Use slide Z to provide students with ideas about
what to say as they visit each model.

Stayers
We are confident that _______________. Did you also include that in your models?
We are not sure about ________________. Do you have any ideas?

Strayers
The part where you said or showed _______________ is not part of our model. Could you tell me more so that I can bring this idea back to
my group?
Your model said or showed ________________. I disagree because _________________. I think you should change
____________________.
I notice that your model seems to be missing _________________. It would be more complete if you added ____________________.

Review peer feedback. Tell groups to go back to their original models and process the feedback that the stayers received from other groups
and ideas that the strayers got from the other models. Display slide AA to suggest a structure for reviewing and incorporating feedback.
Explain, We use peer feedback to improve our work, making it more clear, more accurate, and better supported by evidence. When you receive
feedback, you should take these steps:

Strayers should communicate the feedback they received on their model.
Decide if you agree or disagree with the feedback and talk with your group about why you agree or disagree.
Strayers should communicate the new ideas they got from their peers’ models.
Decide if you agree or disagree with these new ideas and talk with your group about why you agree or disagree.
Revise your work to address the feedback and new ideas.

ALTERNATE
ACTIVITY

Students are using feedback to improve their modeling, but they are not producing a product. If you want
students to produce a product from this physical modeling activity, consider using a tool like Flipgrid for
students to make a record of their ideas. See Lesson 4 for an example of how this might look in practice.

ADDITIONAL
GUIDANCE

Remind students that they will be asked to model this system next time as an individual assessment and
suggest that they ask questions of their team and take notes to clarify their understanding now.



3 min8 · NAVIGATION AND SELF-ASSESSMENT
MATERIALS: Peer Feedback Self Assessment

Assign self-assessment as home learning. Display slide BB. Ask students to use Peer Feedback Self Assessment as home learning to
reflect on their use of peer feedback . Alternatively, if there is time, you can do this in class.

Forecast the next class. Say, Wow, together, we created some really great models of this subsystem to explain this phenomenon. Next time, you will
get a chance to work individually to explain seasonal star patterns using our new conventions for drawing multiple perspectives at different scales
that fit together.

ASSESSMENT
OPPORTUNITY

Building towards
8.B Respectfully provide and receive critiques about a model of systems in space that explains patterns we see
in the shape and motion of objects in the sky.

What to look/listen for: This is a self-assessment, so students will get a chance to reflect on their use of peer
feedback on their own.

What to do: Check in privately with students who you think might need to work more on giving and receiving
feedback about the self-assessment process and what they would like to work on. Ask them if they would like
any support from you in this.

End of day 2



25 min9 · ASSESSMENT: MODEL THE STAR PATTERNS INDIVIDUALLY
MATERIALS: science notebook, Model of Star Patterns Assessment, Key Model of Star Patterns

Direct students to create a new model that will explain the patterns we see in the stars.✱ Say, I’m going to give you an opportunity to
demonstrate what you have figured out about how to model systems in space to explain patterns we see in the sky. We are going to do an

individual assessment where you will explain star patterns. Display slide CC. Provide students with Model of Star Patterns Assessment to model
the seasonal appearance of certain constellations. Collect the models when students are finished and assess them using the Key Model of
Star Patterns.

ASSESSMENT
OPPORTUNITY

Building towards: 8.A Develop a model of stars and our solar system by representing subsystems of systems at
different scales.

8.C Construct an explanation of patterns we observe in the shape and motion of stars in the sky using a model
of stars and our solar system.

What to look/listen for: Look for students to model the Sun, Earth, and two Ojibwe constellations using
multiple perspectives at different scales to show how a constellation cannot be observed when Earth is on the
opposite side of the Sun.
What to do: Use Key Model of Star Patterns to evaluate each student’s model and provide timely feedback about
what they’re doing well and what they may still be missing.

You can hand Model of Star Patterns Assessment back to students the next time you see them and give them a chance to modify their models
before asking them to tape them into their progress trackers.

✱ SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA

Note that although students probably know
enough now to model the entire solar
system, they are not asked to do so in this
lesson. This is because such a model is not
yet necessary to explain a phenomenon that
we are interested in. This would be a
representation of a thing, not a model for
explaining or figuring out. In OpenSciEd,
models are distinct from the
representational forms they take. These
representations may take the form of
diagrams, words, equations, computer
programs, or mental analogies, but they are
not models until they embody ideas about
how and why the phenomenon occurs or
about components and relationships of the
system being studied.

Take something like the foam sphere
representing Earth. The sphere itself is just a
sphere until it is used in the service of
figuring out how Earth moves around the
Sun and why that creates the patterns we
see. Thus, it is not the sphere that is the
model here, but the ideas about what the
sphere is showing and how it helps us
understand a pattern like Earth’s seasons that
makes it into a part of a model. We could just
as easily represent Earth with a wadded-up
piece of paper, a student’s own body, or a
circle drawn on the board. Each of these
depictions could be representing the same
underlying idea that this spherical object is
moving around the Sun in a particular way.



15 min10 · TAKING STOCK
MATERIALS: 3 sticky dots, 1 marker, 1 5” x 8” index card, tape, push pins (optional), DQB

Revisit the Driving Question Board and review questions. Show slide DD and say, You will have a few minutes to look through the questions on
the Driving Question Board and put sticky dots on those that you think we can now answer based on what we have learned about patterns in the sky
up to this point. We will then work in small groups or with a partner to document answers to those questions.✱

Ask students to gather around the DQB, then give them 2-3 minutes to 3 place sticky dots on questions. Have them step back and take a
look at the selected questions. After students have had time to look through the questions, ask students to share their selections.

Suggested prompt Sample student response

Under which categories did we find questions that we can now
answer?

Star patterns.

Sun patterns.

Planet patterns.

Moon patterns.

The categories on your DQB and the questions selected may differ slightly from those in the sample responses.

Document and post answers to selected questions from the DQB.✱ Show slide EE. Have students work either in pairs or in small groups of
3. Each pair or small group should select a question with a sticky dot and return to their desks. They should tape the question to the upper-
left corner of a large (5” x 8”) index card, then use a marker to document on the index card the answer to the question. While students work,
write the category titles on large index cards and use tape or push pins to post these cards near the Driving Question Board. Leave room
under each category card for answered questions. As pairs or groups finish, have them use tape (or push pins) to post the answered questions
(question and index card) under the appropriate category. All unanswered questions will remain on the DQB.

✱ SUPPORTING STUDENTS IN
THREE-DIMENSIONAL LEARNING

Lesson Sets 1 and 2 are primarily focused on
the following performance expectations
from the NGSS:

MS-ESS1-1: Develop and use a
model of the Earth-sun-moon
system to describe the cyclic
patterns of lunar phases, eclipses
of the sun and moon, and seasons.
MS-ESS1-2: Develop and use a
model to describe the role of
gravity in the motions within
galaxies and the solar system.

This taking-stock activity is an opportunity to
generalize across all the patterns we have
described using models to help students see
how many of the patterns we see in the sky
can be explained using models of space
systems and subsystems at various scales
and that the motions in those systems are all
determined by gravity.

To make sure students see how these
performance expectations work together,
highlight the role of gravity in our models
using probing questions as students answer
the DQB questions. When students describe
the motions that explain the patterns we
see, push them to go further and explain the
why of these motions: gravitational forces.
(We will add an additional scale and
perspective to our understanding of the role
of gravity in organizing the universe in
Lesson Set 3 when we add a galactic scale to
our models.)

Make this explicit for students by
summarizing, Wow, we have identified a lot of
patterns in the sky, and they all seemed very
different at first! But by developing models of
systems in space, we were able to explain how



5 min

ALTERNATE
ACTIVITY

Please note that this activity may take more than the allotted 15 minutes to complete, especially if students
have little or no experience documenting answers to questions from the DQB. If you do not have enough time
to complete this activity in class, each student can select a question and tape it to an index card. Then the
question cards can be sent with students as a home learning assignment. Each student can document the
answer to the assigned question at home and return the completed card at the beginning of the next class
period.

gravity causes predictable motions in these
systems and how those motions cause the
patterns we see in the sky.

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals: When
students are tasked with expressing their
ideas, as they are when they are answering
questions from the DQB, allow them to do
so through linguistic (oral and written
language) and nonlinguistic (e.g., drawings,
graphs, symbols, gestures) modes. Providing
emerging multilingual students with such
opportunities allows them to use all of their
resources to express meaning.

It is also helpful to intentionally group
emerging multilingual students. This could
be peers who know the same language or it
could be peers whose English language
development is slightly more advanced. It is
important that these groupings be
thoughtful so that they benefit from working
in pairs or small groups.

11 · NAVIGATION AND SHIFTING GEARS
MATERIALS: Extraterrestrials in Pop Culture

Set up the next lesson set. Say, 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? What do you all think?

Take a poll. Present slide FF and say, Let’s take a poll, do you think there is any life out there, somewhere else besides on Earth? Take a quick tally.

Assign home learning. Present slide GG and say, We are clearly not the only ones who have ever imagined whether there could be life somewhere
else besides on Earth. Another word for life that would be found anywhere other than Earth and is from a place other than Earth is “extraterrestrial”.

Ask, Where have you seen references to extraterrestrials? Look for students to suggest books, movies, TV shows, comic books, and perhaps
strange “sightings” that they’ve heard about in the tabloids or on the internet. Suggest that students go home and find one reference from
pop culture about aliens. This can be from any medium. Tell students, If you aren’t particularly interested in science fiction, check in with a family
member or friend who might have some ideas or check with a librarian. Hand out Extraterrestrials in Pop Culture to guide students as they record
the following information about these pop culture extraterrestrial life forms:

Where are these extraterrestrial life forms from originally?
How is the place they are from different from Earth?
Do you think we would be able to live where they come from? Why or why not?

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals
It can be very helpful for all students, and
particularly emergent multilinguals, to break
down compound words like extraterrestrial.
Ask students to reason about the first part of
the word by asking, What does “extra” sound
like? What other words have you heard that
sound like that? Students will probably use
the word extra to mean more than is needed
or over-the-top. Some students might know
words like “extraordinary.” Tell students that
extra means “over-the-top” in our everyday
language, but in science we use it to mean
“outside of”. Ask students to consider how
these two meanings might be related.



Then ask students about the word terrestrial.
Students may be stumped. You can tell
them that the word terra means earth in
Latin. Encourage students to consider and
suggest cognate words in other languages as
well, such as tierra (Spanish), terra (Italian), or
terre (French). Then summarize the idea of
putting both words together, "extra" and
"terrestrial", to make a single compound word
that indicates that this is something that lives
outside of Earth. Add this word to the Word
Wall.

For more information on Developing Scientific
Language, refer to this section of the
OpenSciEd Teacher Handbook.


