
LESSON 2: Why do we see seasonal patterns?
PREVIOUS LESSON We collected ideas about patterns in the sky from our own experience, from family or community members, and from interviews with cultural astronomy experts.

We modeled some of the patterns we identified and developed questions for the Driving Question Board. We had the idea of actually going outside and
observing these patterns in the sky, but due to time constraints we decided to try using software to make virtual observations of the sky instead.

THIS LESSON

INVESTIGATION

3 days

 

We use planetarium software to observe the motion of the Sun through the sky over a year. We notice that in
summer the daytime gets longer and the apparent path of the Sun gets wider and higher. We model this pattern
as a class, but something is missing. We learn that Earth’s axis of rotation is tilted. We use to revise our model of
the system in small groups to explain the patterns we noticed. We also use our models to explain seasonal
temperature variation. Finally, we come to consensus on why Earth has seasons and go back to the DQB to see
what questions we answered and then decide where to go next.

NEXT LESSON We will look at the current shape of the Moon and then look for patterns in photographs of the Moon over a month. We will model the Earth-Sun-Moon system
to see how the apparent shape of the Moon we see changes and will use an interactive to help us explain how changes in the position of the Moon affects the
shape of the Moon we see.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

2.A Develop, revise, and use models of the Earth-Sun system to explain seasonal patterns of the motion of the Sun in the sky and of temperatures
over the surface of Earth.

2.B Use data to refute the claim that distance from the Sun causes the patterns of seasonal temperature variation that we experience on Earth.

WHAT STUDENTS WILL 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.



Lesson 2 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 3 min NAVIGATION
Orient students to where we have been and where we are going. Introduce the planetarium
software.

A

2 5 min MAKE PREDICTIONS ABOUT THE SUN
Make predictions about what we will see the Sun do when we run the planetarium software.

B-C

3 18 min OBSERVE THE SUN WITH PLANETARIUM SOFTWARE
Use planetarium software to make and record observations of the Sun over the course of a
year.

D Observations of the Sun: Location ____________________,
computer with Stellarium software installed or one of the
localized Observing the Sun videos

4 15 min PROCESS PATTERNS OF THE SUN IN THE SKY
First in small groups and then as a whole class, students use discussion questions to make
sense of our observations.

E chart paper titled “Solar Patterns”

5 3 min NAVIGATION
Engage students in brainstorming materials to represent the Earth-Sun system so that we can
model the patterns we observed today.

F

End of day 1

6 10 min NAVIGATION
Recall the patterns we noticed in the motion of the Sun and decide on what the 3-D physical
model needs to include.

G Patterns in the Sky poster that the class made in Lesson 1

7 15 min INITIAL CLASS 3-D MODEL OF EARTH-SUN SYSTEM
Model the system for students in 3-D at the front of the room. Record the parts and
interactions in a model map.

H-K Earth-Sun Modeling Demonstration

8 15 min GROUPS MODEL THE EARTH-SUN SYSTEM IN 3-D
Model the Earth-Sun system using 3-D objects and record changes in the length of the Sun’s
path in the sky. Keep track of limitations of the model individually and as a class.

L-M Mapping Models to Real World Systems (optional), Mapping the
Model to the Earth-Sun System (optional), chart paper, markers,
Modeling the Earth-Sun System

9 5 min NAVIGATION AND HOME LEARNING
Assign home learning where, using evidence from the data, students will support or refute an
explanation about how the distance between Earth and the Sun affects our experience of
seasons on Earth.

N Are we closer to the Sun in summer?

End of day 2

10 7 min NAVIGATION AND RETURN TO HOME LEARNING
Return to the home learning from the last class by making a class barometer.

O Are we closer to the Sun in summer?, Agree and Disagree signs



Part Duration Summary Slide Materials

11 14 min INVESTIGATE SEASONAL TEMPERATURE VARIATION
Conduct an investigation using flashlights and graph paper to establish a link between the
angle of sunlight, how spread out the sunlight is, and surface temperature.

P-Q Modeling the Earth-Sun System, Modeling Sunlight Angles

12 14 min CONSENSUS DISCUSSION: SEASONS
Facilitate a Consensus Discussion to develop a classroom consensus model for understanding
seasonal patterns in the motion of the Sun and related seasonal changes in temperature.

R-S Modeling Sunlight Angles, Northern Hemisphere and Southern
Hemisphere Seasons (optional)

13 10 min NAVIGATION AND OPTIONAL EXTENSION
Offer an optional extension reading. Return to the DQB to answer some questions about the
Sun and choose another set of patterns to investigate (the Moon). Assign home learning to
observe the shape of the Moon.

U-V The Equator, the Midnight Sun, and the Analemma (optional)

End of day 3



Lesson 2 • Materials List
per student per group per class

Earth-Sun Modeling
Demonstration materials

science notebook
Mapping Models to Real World
Systems (optional)
Mapping the Model to the Earth-Sun
System (optional)

1 4-inch sphere
4 pushpins
1 thumbtack
1 fabric tape measure
1 ruler
1 twist tie
1 rubber band
1 light bulb
1 bulb socket
1 extension cord with power strip
1 plastic clamp
bareba1 Sharpie marker
1 block
1 dowel
masking tape to secure lamp to table (optional)

Modeling the Earth-Sun
System materials

Modeling the Earth-Sun System 1 4-inch sphere
2 pushpins
1 thumbtack
1 rubber band
1 light bulb
1 bulb socket
1 extension cord
with power strip
1 plastic clamp
1 fabric tape
measure
1 ruler
1 twist tie
1 Sharpie marker

Modeling Sunlight Angles
materials

Modeling Sunlight Angles 1 tray (or
hardcover book)
1 flashlight
2 pieces of graph
paper
1 pencil
1 ruler
tape

chart paper with T-chart with these column headings: “Light at an angle (Sun
lower in the sky)” and “Direct light (Sun higher in the sky)”



per student per group per class

Lesson materials Observations of the Sun: Location
____________________
science notebook
Mapping Models to Real World
Systems (optional)
Mapping the Model to the Earth-Sun
System (optional)
Are we closer to the Sun in summer?
Modeling the Earth-Sun System
Modeling Sunlight Angles
Northern Hemisphere and Southern
Hemisphere Seasons (optional)
The Equator, the Midnight Sun, and the
Analemma (optional)

computer with Stellarium software installed or one of the localized Observing the
Sun videos
chart paper titled “Solar Patterns”
Patterns in the Sky poster that the class made in Lesson 1
chart paper
markers
Agree and Disagree signs

Materials preparation (60-90 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.

Use Stellarium Orientation video at www.teachersopensciedfieldtest.org/space to orient yourself to the software, including getting ready to move the perspective, zoom in and out, set the date
and location, and speed up and slow down time.

Use Observing the Sun video at www.teachersopensciedfieldtest.org/space to walk you through the process of using Stellarium to collect a year’s worth of solar observations with your
students.

Check that the dowels fit into the hole in the pre-drilled blocks. If they are too thin for the hole, use clay to stuff the holes so that the dowels will stay at an angle when pressed into the hole.

Before class on day 3, make sure you have identified a place in the classroom where students can stand in a line for the barometer activity. Tape a sheet of paper that says "Agree" and a sheet
of paper that says "Disagree" at opposite ends of this line.

Make sure the Patterns in the Sky poster that the class made in Lesson 1 is posted and visible for all students and that the DQB is accessible. Prepare chart paper for new posters. These are the
posters you will make in this lesson:

Solar Patterns
Limitations of the Model

In addition, prepare a piece of chart paper to record data. You will need to draw a T-chart. Label the left side of the T-chart “Light at an angle (Sun lower in the sky)” and the right side “Direct
light (Sun higher in the sky).” Leave enough room underneath for 6 groups of students to record their data in each column and for the class to calculate an average at the bottom of each
column.

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

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


Lesson 2 • Where We Are Going and NOT Going

Where We Are Going

In this lesson, students will use planetarium software to observe the motion of the Sun through the sky. This entry point into thinking about seasonal patterns builds on first grade standards
about the number of hours of daylight at different times of year (1-ESS1-2) and the fifth grade standards for explaining day and night using a model of the Sun and Earth and the rotation of
Earth around it axis (5-ESS1-2). Students use these observations to build an understanding of how Earth’s tilt and orbit around the Sun affect the apparent height of the Sun in the sky. On day
3, students make the connection between the path of the Sun in the sky, the resulting angle of the sunlight, and the seasonal temperature patterns we experience. Optionally, students discuss
how these temperature patterns are the opposite in the Southern Hemisphere, connecting back to some of the podcasts we listened to in Lesson 1.

Where We Are NOT Going

We do not explicitly develop a model for temperature variation by latitude, the solar anallema, or the midnight Sun, even though these are well explained by our model. Instead, an optional
reading allows students who are interested to dig deeper. When observing the planetarium software, students may notice additional patterns that they did not ask about on the DQB. Tell these
students to record their new questions on sticky notes and add them to the DQB as they leave class.



3 min

LEARNING PLAN for LESSON 2
1 · NAVIGATION
MATERIALS: None

ADDITIONAL
GUIDANCE

Connections to Me and My Community
In Lesson 1, students considered how changes in the length of a day impact their experience. In this lesson,
students get the opportunity to explain this phenomenon by connecting a model of objects in space to the
seasonal patterns they have experienced their whole lives. Students also get a chance to explain why their
region has a different range of temperatures than other places on the globe and to consider other regions where
they may have lived or visited or where they have family.

Review the front matter for this unit 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.

Orient students to where we have been. Present slide A. Say, Last time we were together we had the idea of actually going outside and observing
these patterns in the sky. But we only have a couple of weeks for this unit, and some of these patterns happen over a period much longer than that. We
decided to try using planetarium software to make virtual observations of the sky instead.

Ask, What were some of the things in the sky that we were interested in observing to figure out more about some of these patterns? Turn and talk with
a partner.

Solicit student ideas. Listen for students to talk about the Sun, the Moon, planets, and so forth.✱

Then say, All of those things are in the software. We can see planets, the Moon, the stars, and the Sun. But we started this unit thinking about day and
night and patterns in sunlight. So I think we should try to focus on the patterns we see related to the Sun right now to start and see if we can figure
those out. Things that are related to the Sun are called “solar.”✱ So let’s look for solar patterns.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

Continue to encourage students to use both
everyday and scientific vocabulary to
consider scale by asking questions to probe
their ideas. For example, if a student says
that something happens really fast, say to
the student, “Really fast” might mean
something different at different time scales!
When you say “really fast,” do you mean like in
a couple of seconds? In an hour? Over a year? A
year might seem long to us, but in the life of
Earth, remember, that is pretty fast.

✱ ATTENDING TO EQUITY

Supporting emergent multilingual students
If you teach in a linguistically diverse
classroom, this is an opportunity to build on
the language expertise of your students by
soliciting student ideas about cognates.
Cognates are words that are similar in both
spelling and meaning. The word solar comes
from the Latin word for the Sun: Sol. Sol has
cognates across many languages, including
Spanish and Portuguese (sun = sol), French
(sun = soleil), Icelandic (sun = sól), Italian (sun
= sole), and Russian (sun = солнце, read as
solntse). Using cognates, teachers can
support emerging multilingual students in
making connections between new science
vocabulary and their native language(s). This
can reduce the vocabulary overload that
they may experience in science. If you use a
Word Wall or personal glossary to support
your students’ vocabulary learning, place
cognates alongside the new vocabulary
terms or include cognates in text using
parentheses.



5 min2 · MAKE PREDICTIONS ABOUT THE SUN
MATERIALS: None

Make predictions about the Sun. Present slide B. Say, What patterns do we think we are going to see related to the Sun over one day when we
speed up time in the software?

Suggested prompts Sample student responses Follow-up questions

What patterns will we notice in the sky when
the Sun is up or when it’s down?

It will be dark when the Sun is down and light
when the Sun is up.

What will happen to the stars in the sky when
the Sun is up?

What patterns will we see in the motion of
the Sun?

The Sun will rise in the east and set in the
west.

(If students do not give cardinal directions
[such as north, south, east, west], you can
push them for more details, but avoid playing
“guess what’s in my head.” In other words, if
students only identify the sunrise and sunset
or that the Sun is in different places at the
beginning and end of the day, this is
sufficient.)

Say, We are going to call day and night and sunrise and sunset daily patterns, which means they happen every day.✱

Record these predictions at the front of the room:
Daily (every day), the sky will get light when the Sun is up, and we will not see the stars.
Daily (every day), the Sun will rise (in the east) and set (in the west).

Present slide C. Ask, What about if we speed it up even more and watch the Sun over a year? What patterns will we see? Because this is a more-
sophisticated set of patterns, ask students to turn and talk about this question for a minute before eliciting their ideas. Accept all predictions.
Look for students to suggest changes in where the Sun rises and sets or when the Sun rises and sets or how high it goes in the sky. Record at
least one prediction at the front of the room underneath the daily prediction. Here are a few prediction examples:

Yearly (every year), the Sun will set later and earlier.
Yearly (every year), the Sun will get higher in the sky.
Yearly (every year), the Sun will rise and set in different places.

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals
If you have a linguistically diverse classroom
and/or a large population of emergent
multilingual students, this is another
opportunity to build on students’ language
experiences, this time to make sense of the
words daily and yearly. We chose not to use
the words diurnal and annual in this unit to
better align with students’ everyday talk
without losing scientific accuracy. But in
some classrooms, diurnal and annual might
be more familiar words because they are
cognates to the Spanish words día and año.
Consider what vocabulary your students will
be the most comfortable with, and if you
choose to use synonyms interchangeably
during instruction, make it explicit by putting
these synonyms next to each other on a
Word Wall or personal glossary. Regardless
of what vocabulary you choose to use in
your classroom, considering pausing for a
moment to have students explain what daily
and yearly (or diurnal and annual) mean in
their own words, either in their notebooks or
with a partner. When you use these words
over the next couple of days, scaffold their
use by adding a parenthetical explanation,
for example: What patterns did you see yearly
(happening every year)?



18 min3 · OBSERVE THE SUN WITH PLANETARIUM SOFTWARE
MATERIALS: Observations of the Sun: Location ____________________, computer with Stellarium software installed or one of the localized Observing the Sun videos

Introduce the planetarium software. Say, Let’s test out these predictions with the planetarium software. We can speed up time to observe the
sunrise and sunset over a day and then speed it up even more to observe how this pattern changes over a year.

Bring the Stellarium software (or any alternative planetarium software) up on your computer at the front of the classroom. Make sure that
before class you had a chance to view the Stellarium Introduction video www.teachersopensciedfieldtest.org/space and read Stellarium
Introduction Teacher Reference to orient yourself to the software, including getting ready to move the perspective, zoom in and out, set the
date and location, and speed up and slow down time. Pass out Observations of the Sun: Location ____________________. Use slide D to orient
students to how to record on this handout the position of sunrise, sunset, and the approximate path of the Sun on multiple days. For an
alternative to using Stellarium live, you can watch one of the prepared videos as described in the callout box below.

Make observations using Stellarium. In addition to getting oriented with Stellarium Introduction Teacher Reference and the Stellarium
orientation video at www.teachersopensciedfieldtest.org/space , you can also use Observing the Sun with Stellarium or watch the Observing
the Sun video at www.teachersopensciedfieldtest.org/space before class to guide you through the following observation process.

1. Set the location to your own, and the time to now. If you have not already, and speed up time until the Sun is moving quickly
through the sky, but not so quickly that you can’t see where it rises and sets. Students should record the location at the top of
Observations of the Sun: Location ____________________ and the month beneath the image for the first observation.

2. You can pause the Sun’s movement at sunrise and sunset to give students a chance to make their observations. Students should
draw a circle at the locations of the sunrise and the sunset on the first image and then record the approximate time that they
observed each, as shown on slide D.

3. Then allow the Sun to move quickly through the sky for 2-3 days so that students can observe its path. They should record this as a
curve between sunrise and sunset, paying close attention to the height of the curve. They do not need to re-record sunrise and
sunset. Do not move more than 3 days ahead or the location/time of sunrise and sunset will change noticeably.

4. After observing a couple of days, ask students if they are ready to move forward and record their second observation of a little later
in the year. Skip forward two months (or three if you are short on time). Have students record the new month and then move
through steps 2-3 again. Repeat this process until students have collected six observations across an entire year (or four if you are
moving forward three months at a time).

ALTERNATE
ACTIVITY

If you cannot access the Stellarium software for any reason or are tight on time, you may choose to use one of
the following videos localized for various regions across the United States.

California Not available for field test
Iowa Not available for field test
Louisiana Not available for field test
Massachusetts Not available for field test
New Jersey www.teachersopensciedfieldtest.org/space
New Mexico Not available for field test
Oklahoma Not available for field test
Rhode Island Not available for field test
Washington Not available for field test

file:///tmp/www.teachersopensciedfieldtest.org/space
file:///tmp/www.teachersopensciedfieldtest.org/space
file:///tmp/www.teachersopensciedfieldtest.org/space
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/www.teachersopensciedfieldtest.org/space
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test
file:///tmp/Not%20available%20for%20field%20test


15 min4 · PROCESS PATTERNS OF THE SUN IN THE SKY
MATERIALS: chart paper titled “Solar Patterns”

Discuss questions in small groups. When students have finished taking their observations, present slide E. Say, Remember “solar” means
related to the Sun. Review the words daily and yearly if necessary. Then ask students to consider the questions on the slide in small groups:✱

What daily patterns do you observe?
What yearly patterns do you observe?

Bring the class together to process as a whole group. Ask students to share out the patterns they noticed. Record these patterns on chart
paper. Title this list “Solar Patterns.” Look for students to say things like these:

When the Sun is up, we cannot see stars.
The Sun moves in an arc shape across the sky from east to west.
The Sun gets higher in the summer (or the opposite in the winter).
The Sun is in the sky for longer (or the day is longer) in the summer (or the opposite in the winter).
The places where the Sun comes up and goes down changes over time; they move closer to the south in the winter and further
from the south in the summer.
Sunrise is earlier in the summer than in the winter, and sunset is later in the summer than in the winter.

Reinforce these patterns kinesthetically. Ask students to imagine that the front of the classroom is the southern sky and that the wall at their
left is the east and the wall at their right is the west. Then have students point with their arms extended to recreate some of these patterns.
Say:

Let's all make an arc shape to show what we mean by moving from east to west. Students should begin by pointing at the wall on their
left (east) and then swoop their arms upward along the front of the classroom (south) and then back down to end at the wall on
their right (west).
Let's all show what we mean by the Sun getting lower in the sky in the winter. Students should recreate the arc they made earlier, but as
they sweep upward they should point lower on the wall at the front of the classroom before dipping back down toward the west.

ADDITIONAL
GUIDANCE

As students build physical and conceptual models of solar patterns, we will be asking them to make
connections between where someone stands on Earth relative to the Sun and where the Sun would appear in
the sky for that person. This exercise establishes a convention of “pointing” toward the Sun that will help
students model the phenomenon later. In the physical model, students will use a twist tie to indicate a person
pointing. In their diagrams, students may also choose to include a stick figure pointing toward the Sun as well.
The magnitude of the angle at which student, the twist tie, or the stick figure points corresponds qualitatively to
the angle of the Sun in the sky.

Say, We think the stars disappear when the Sun is out. We aren't going to explore that right now, but it might be important later, so I wanted to make
sure we didn’t lose that idea. Make note of this pattern in your notebooks.

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals
Depending on the goals of a lesson or the
goals for a particular aspect of a lesson, it is
helpful to intentionally group emerging
multilingual students with certain peers.
Sometimes this could be peers who know
the same languages as them, while other
times it could be peers whose English
language development is slightly more
advanced. It is important that this grouping
be thoughtful and that it varies throughout
the course of a unit so that students benefit
from working with different peers.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

Remind students that we are seeing a
pattern when we observe something repeat,
such as an event, a shape, or a color. Noticing
patterns is often a first step to organizing
phenomena and asking scientific questions
about why and how the patterns occur. See
the unit front matter for more on how to
engage students in using patterns and
systems to organize their thinking in this
unit.



3 min5 · NAVIGATION
MATERIALS: None

Brainstorm materials to represent the Earth-Sun system. Present slide F. Point to the title of the slide. Say, Remember, “solar” means related
to the Sun.

Then say, We noticed some really interesting solar patterns today! What could we do to try to recreate and model these patterns next time? Look for
students to suggest using physical objects like spheres of various sizes, lights, globes, and so forth. These are physical models. If students
suggest diagrammatic models exclusively, ask, Is there anything we could gain from starting in three dimensions and moving on to paper later?

Say, These are some great ideas. It sounds like you are describing a physical model, which means we create a physical representation of the real
system using 3-D objects. Have we used physical models before in science class? Some examples of physical models that students may
remember include the box system in OpenSciEd Unit 6.1: Why do we sometimes see different things when looking at the same object? (One-way
Mirror Unit) and the clay and springs in OpenSciEd Unit 8.1: Why do things sometimes get damaged when they hit each other? (Collisions Unit).✱

Say, I’ll see if I can have some of those materials available for next time so we can put these models together.✽

✱ ATTENDING TO EQUITY

Universal Design for Learning
The goal in this moment is twofold: (1) to
support engagement by supporting
connections across units, and (2) to have
students think about how physical models
can be used for explaining phenomena or
solving problems. Accept all examples from
students.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

A physical model is a mapping to a system
that exists in the real world. It is often scaled
and more simplistic than the system to
which it maps. Decisions about scale and
mapping take into account what is important
for explanation of a phenomenon. Some
examples of physical models from
OpenSciEd include the box system in One-
way Mirror Unit and the clay and springs in
Collisions Unit.

The other kind of model that we use in
OpenSciEd is a conceptual model, which is
typically represented through diagramming.
A conceptual model is used to explain how
parts of the system interact to result in the
phenomenon. In this unit, because the scale
of the phenomena is so large, students will
usually create physical models for a
phenomenon before modeling a system
conceptually.

End of day 1



10 min

15 min

6 · NAVIGATION
MATERIALS: Patterns in the Sky poster that the class made in Lesson 1

Recall the patterns we noticed in the motion of the Sun. Students will be working in small groups today. Arrange students into about six
groups of 3-5 around tables where they can build their models, but bring everyone’s attention to the front of the room to start. Point to the
poster we made as a class on day 2, titled “Solar Patterns.” Say, We noticed some patterns related to the Sun last time.

Decide on what the model needs to include. Present slide G. Ask students to discuss the following questions in their groups:
What parts of the system do we need to include in our model in order to explain these patterns?
What interactions will we need to include in our system?
How could modeling this system help us explain these patterns?

Bring the class’s attention back to the front of the room to discuss their ideas.
Listen for students to say that we need something to represent the Sun and something to represent Earth.
Listen for students to describe the orbit of Earth around the Sun and the spin of Earth every day.
Listen for students to say that we need something to represent a person standing on Earth and how they would point to show
where they see the Sun in the sky.
Listen for students to explain that by modeling the system with physical items to represent the parts of the system, we might be
able to recreate what we see on Earth.

Say, It sounds like we want to model this a little differently than we have been doing in other units. We have been making a lot of drawings and
diagrams on paper to model systems. But we are talking now about a three-dimensional representation of the system to model our ideas. Why would
three-dimensions be helpful for understanding the Earth-Sun system? This is a complex question, and we will come back to it. At this point,
accept all ideas and move on after about a minute.

7 · INITIAL CLASS 3-D MODEL OF EARTH-SUN SYSTEM
MATERIALS: Earth-Sun Modeling Demonstration

Create a model map as a class. Present slide H. Tell students that we will make a model map in their notebooks for their 3-D Sun-Earth
representations. You can use Mapping Models to Real World Systems and Mapping the Model to the Earth-Sun System to support students if they
are not familiar with making a model map.

ADDITIONAL
GUIDANCE

Model maps are useful when students are trying to make sense of a concept that is difficult to understand. The
purpose is to map the elements of the physical (or conceptual) model to the real-world system we are trying to
understand. A model map allows students to break the model into smaller pieces of information and then
analyze what each part means. The first few times your students use a model map, you should go through a row
with students to make sure they understand how to complete it. In addition, consider giving them some already
completed sections. As students become more adept at mapping their models, you might fill in a few of the
sections in the different columns and allow students to complete the map. Always leave at least one or two
empty rows for them to add any additional parts to their maps.

Model the system at the front of the room. Ask students to get up and gather around a table at the front of the room. Follow the instruction
steps below for a teacher demonstration. As you demonstrate each item, ask students to record it in the “Feature of the representation”
column of their model maps along with, in the second column, the real-world feature it represents.



1. Turn off any classroom lights. Hold up a lamp and point out the safety
concerns of using electrical devices. Remind students not to touch a hot
lightbulb, to keep liquids away from electrical cords, and to be very careful
whenever plugging in or unplugging an electrical device. Then show
students how to turn on and off the lamp. Say, This can be our Sun. Give
students a moment to record “Sun” in their model map in the second
column as they record “Lamp” in the first column.

2. Hold up a Styrofoam sphere with a dowel stuck through the middle. Say,
This can be our Earth. Then hold up the thumbtack and tell students that
this can represent us in the model. Say, We need something to represent our
perspective on Earth so that we can imagine what we see from our position. I’m
going to stick this thumbtack where we are. If there is a globe in the
classroom, point to our location on the globe and ask students to
approximate where that location would be on the sphere before placing
the thumbtack there. Draw a little eyeball on the thumbtack with a Sharpie
marker to indicate perspective. Then put a rubber band around the globe at
the same latitude as the thumbtack. Tell the class, This band represents the
path that the observer will take around the globe as Earth spins. Another way to
think about it is as a line of latitude. Spin the globe so that students see that
path. Give students a moment to record the sphere, the thumbtack, and
the rubber band in their model maps along with the real-world feature that
each represents.

3. Tell students, It’s kind of hard to tell where this person is looking so we can see what the angle of the Sun would be for them, I
was thinking we could give this little person an arm so that they can point at the Sun for us. Produce a twist tie and tell
students you want to use this to represent the arm of the observer. Twist it around the thumbtack and use it to point at
the lamp.

4. Hold the sphere next to the lamp, using a ruler to measure a foot away. Do not simulate tilt yet, simply hold the
sphere straight up and down. Then slowly spin the sphere counter-clockwise so that students can see the thumbtack
move from one side of the illuminated area to the other side. Ask, When is it sunrise for us, and when is it sunset? Have
students turn and talk with a partner and then elicit ideas. Look for students to point to the moment that the
thumbtack moves into the light as sunrise and the moment that it moves back out of the light as sunset. Say,
Remember that the rubber band is the path of the observer through the light. So this point here, where the observer tack
passes into the light, is sunrise, and this point here, where the observer tack passes into the shadow, is sunset. Give students a
moment to record both of these in their model maps.



5. Show students the pushpins and explain that we can use these to measure
the distance between sunrise and sunset. Use slide I to illustrate this. Then
have a student come up and place pushpins at sunrise and sunset, where
the path of the observer (the rubber band) intersects with the line
(indicated with the dashed line in the slide photo) between light and
shadow at two places.

Display slide J. Have another student use the fabric tape to measure the
path between the pushpins. Round to the nearest half inch. Then say, OK, if
this is now, where should I hold the sphere to model what the system will be like
in six months? Look for students to suggest moving the sphere to the other
side of the lamp.✽

7. Repeat this process (steps 5 and 6) on the opposite side of the lightbulb, moving the sphere counter-clockwise around
the lamp if possible. Round the measurement to the nearest half inch. Notice that the day length should not change!
Say, We know that the path the Sun takes over a year changes. There must be something missing from our model. Let’s take a
look at the diagram of the Earth-Sun system on this slide and see if we notice anything missing. Present slide K. Look for
students to notice that Earth is tilted.

8. Say, Aha! We didn’t include that in our model. Earth is tilted at about 23.5
degrees in relation to the Sun. What does that mean for what we observe in the
sky? Let’s take a look at Stellarium and see if we notice anything related to the
tilt. Open Stellarium and turn on Western constellation lines. Fast forward
three times so that the Sun is moving quickly through the sky, but not too
quickly. Tell students that you will turn off the interaction between sunlight
and the Earth’s atmosphere so that you can see all the stars. Use Observing
Polaris with Stellarium and www.teachersopensciedfieldtest.org/space to
support this. Ask, Are all the stars moving? Draw students’ attention to the
fact that all the stars in the sky appear to rotate around a star at the end of
the constellation ursa minor.

9. Say, So because the Earth is tilted, the North pole is always tilted toward the
same star, Polaris, the North Star. Point this out on slide K. Say, As we move
our Earth around the Sun, let’s include this tilt in our models by keeping the
North Pole of the globe pointed toward the picture of the star Polaris on this
slide. Show students the block and dowel and demonstrate how to use
them by inserting the dowel into the sphere at its “South Pole” and sticking
the bottom end of the dowel into the hole in the block. Move the
contraption around the lamp counter-clockwise while keeping the top of
the dowel pointed at the picture of Polaris on the slide. You may need to
push the sphere down on the dowel so that it is parallel with (the same
height as) the lightbulb.

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


15 min

5 min

ADDITIONAL
GUIDANCE

Some students might suggest changing the distance from the lamp to the sphere at different places in the orbit.
Ask those students why they think we should change the distance. Listen to their responses for the common
student idea that the Sun is closer to Earth in summer. If this comes up, do not downplay it. Instead, highlight
the idea for the class and record this prediction at the front of the room. Tell students that you find it very
interesting but that you are not convinced and that we will investigate the idea as home learning.

Introduce the word orbit. If students are using a variety of words to describe the motion of the Earth around the Sun, take a moment to
explain that scientists describe this particular motion as an orbit, add the word orbit to the class word wall, or to students’ personal glossaries.

8 · GROUPS MODEL THE EARTH-SUN SYSTEM IN 3-D
MATERIALS: Modeling the Earth-Sun System, science notebook, Mapping Models to Real World Systems (optional), Mapping the Model to the Earth-Sun System (optional), chart paper, markers

Model the Earth-Sun system using Modeling the Earth-Sun System. Present slide L. Ask students to collect the materials for their group.
Each group will need a 4-inch sphere, 4 pushpins, 1 thumbtack, 1 light bulb, 1 bulb socket, 1 extension cord with power strip, 1 plastic clamp for
keeping the power strip upright, a fabric tape measure, a Sharpie marker, and a ruler. Encourage students to draw an eyeball on their
thumbtack with the Sharpie.

Using Modeling the Earth-Sun System to record the data, students will measure the length of a day with pushpins and the fabric tape measure.
They will do this at each of four positions around the lamp (12 o’clock, 3 o’clock, 6 o’clock, and 9 o’clock). Walk around the classroom and make
sure that students are accurately pointing the axis of the sphere, represented by the dowel, toward the image of Polaris on the slide. For each
position on the 2-D model shown on Modeling the Earth-Sun System, students will need to record in inches the length of the Sun’s path for the
observer and predict the shape of the Sun’s apparent path for the observer on a screen shot of the Stellarium skyline in the table.

When students are done taking data, they should finish filling in the model map, either in their notebooks or using Mapping the Model to the
Earth-Sun System. You can use Mapping Models to Real World Systems to scaffold this process regardless of whether students are using their
notebooks or the handout.

Bring the class together to record limitations of the model. Present slide M. Ask students to share the differences that they recorded on their
model maps. Say, When a model does not do everything for us, it is important to keep in mind where it falls short. We call that the “limitations” of the
model. What limitations of this model did you discover? Consider providing additional support around this new vocabulary word by adding it to a
word wall or personal glossary. Label a piece of chart paper “Limitations of the Model” and begin to record some of the ideas that came up.

9 · NAVIGATION AND HOME LEARNING
MATERIALS: Are we closer to the Sun in summer?

Assign home learning. Present slide N. Pass out Are we closer to the Sun in summer?. This handout includes data showing the distance of Earth
from the Sun each month of the year. It also reminds students about the connection between temperature and sunlight that they figured out
in OpenSciEd Unit 6.3: Why does a lot of hail, rain, or snow fall at some times and not others? (Storms Unit), if they did OpenSciEd in sixth grade.
On the handout, students are asked to use evidence from the data to either support or refute an explanation about how the distance
between Earth and the Sun affects our experience of seasons on Earth. Students will return to this conversation in the next class meeting.

In the final minutes of class, ask students to do a quick Turn and Talk on the questions at the bottom of slide N about the meanings of
“support” and “refute.” Before they leave, ask at least one student to share their ideas using their own words.

End of day 2



7 min10 · NAVIGATION AND RETURN TO HOME LEARNING
MATERIALS: Are we closer to the Sun in summer?, Agree and Disagree signs

Return to home learning. Present slide O. Say, One of the things we were wondering about last time was how Earth’s distance from the Sun affects
our experience of seasons on Earth. Create a classroom barometer of agreement with the claim in the home learning. Before class, make sure
you have identified a place in the classroom where students can stand in a line. Place Agree and Disagree signs at opposite ends of this line.✱

Ask students to vote with their feet, taking their Are we closer to the Sun in summer? handouts with them. Say, If you used the evidence to support
the claim in the home learning, stand near the Agree sign. If you used the evidence to refute the claim in the home learning, stand near the Disagree
sign. Once students have arranged themselves, ask someone from each side to share their thinking. Push each student who shares to justify
their claim with evidence. Then ask if anybody has a different claim. Encourage students to return to the evidence in order to establish
consensus around the idea that distance cannot be related to seasonal temperature variation. Then give students a chance to rearrange.
Ideally, most (or all) students will end up near the Disagree sign.

ADDITIONAL
GUIDANCE

It is valuable to think of ideas like Marnie’s not as misconceptions that need to be erased but as productive ideas
that we can use to build understanding. This helps students feel more comfortable talking about science, build a
scientific identity, and it improves science learning across the board. Many students believe that the seasons are
caused by Earth being in closer proximity to the Sun during summer. This is a theory constructed from external
evidence such as textbook images and supported by personal evidence like “When I get closer to a fire, it feels
hotter.” Simply telling students that this is wrong and explaining that the seasons are a result of the tilt of Earth
is not as productive as investigating the inaccurate proximity theory and building evidence against it that will
help students construct a new, more accurate conceptual model for the Earth and Sun.

Collect Are we closer to the Sun in summer? from students to get a sense of where students are in terms of argumentation, analyzing
and interpreting data, and noticing patterns.

ASSESSMENT
OPPORTUNITY

2.B Use data to refute the claim that distance from the Sun causes the patterns of seasonal temperature
variation that we experience on Earth.

What to look/listen for: Look for the following:
1. Did the student identify the incorrect reasoning? If not, did the student change their position during

the class barometer activity? If they did not, you may need to provide additional supports for this
student.

2. Did the student use evidence from the data table in their argument? If not, provide feedback for the
student such as this: “Please use evidence. The data table shows that we are closest to the Sun in
January. Does this match every piece of Marnie’s claim? Describe the data in your argument, and why
they support or do not support the claim.”

3. Did the student connect the evidence from the data table to their critique? If not, provide feedback for
the student such as this: “You present evidence that the data table shows that we are closest to the
Sun in January. But I’m not sure what this means. Does this match Marnie’s claims? Describe why this
evidence supports or does not support each claim.”

What to do: Use your review of students’ handouts as a formative tool to both help students identify where
they need to focus their efforts and get a sense of what the class needs to work on moving forward. Note that
Marnie’s explanation is not all wrong. Her claim that Earth’s orbit is not a circle is supported by the evidence. But
her claim that "when we are closer to the Sun ... it is hotter" is not true for the Northern Hemisphere.

✱ SUPPORTING STUDENTS IN
ENGAGING IN ARGUMENT FROM
EVIDENCE

Explanation and argumentation are focal
practices for this unit. These practices can be
tricky to tease apart. The goal of engaging in
scientific explanation is to provide a causal
account of events in the natural world.
Argumentation, on the other hand,
fundamentally involves uncertainty and
disagreement. The goal of engaging in
scientific argumentation is to decide
between two competing causal accounts,
critique someone else’s causal account,
convince someone else that they have the
wrong causal account, or convince others
that you have the right causal account.
Through the process of argumentation,
scientists eventually come to consensus
around the strongest causal explanation for a
phenomenon.

Here, students are engaging in critique of a
claim, a fundamental part of argumentation.
Support students in critique by encouraging
them to respond directly to their peers’
ideas. Use the Communicating in Scientific
Ways sentence starters to scaffold these
interactions. If a student is convinced of the
unscientific claim, don’t correct this student
yourself, rather, encourage other students to
use evidence to reveal problems with the
claim. For example, you might ask, Is there
evidence that someone can point to that
contradicts this claim?



14 min11 · INVESTIGATE SEASONAL TEMPERATURE VARIATION
MATERIALS: Modeling Sunlight Angles, Modeling the Earth-Sun System

Connect a related phenomenon. Present slide P. Say, If Earth is actually closest to the Sun in January, what is going on for us during winter? Can
we use the model that we developed on Modeling the Earth-Sun System to explain why it is cold in the winter and warm in the summer? Turn and talk
to a partner. Make sure students have Modeling the Earth-Sun System in front of them to reference and give them at least three minutes for
this conversation.

Say, First we need to decide which position corresponds to which season in our hemisphere. Call on four students to identify in the image of Earth
positions on the slide each of the four seasons we experience. Position 1 is winter, position 2 is spring, position 3 is summer, and position 4 is
fall. For each position, push students to explain why they think a particular season corresponds to it. Look for students to say something like:
“The days are shorter in winter, and the measurement we got in position 1 was the shortest.” Students may mix up fall and spring, which are
not as easy to identify. Some students may have noticed that the rotation of Earth around the Sun as shown in the diagram on the slide will
give us a hint as to the order of the seasons. If not, you can point this out. In other words, once we have placed winter and summer, we can
use the diagram to see that spring must come after winter in position 2, and fall must come after summer in position 4. Do not spend more
than 4 minutes establishing the seasons.

Then elicit student ideas about the question on the slide: What part of this model could help explain why it is cold in the winter and warm in the
summer? Highlight student ideas about the height of the Sun in the sky. If students are stumped, ask, Could the path of the Sun in the sky impact
how much sunlight we get? Say, If the Sun being higher up in the sky in the summer can affect how much sunlight we get and make it warmer, we
should be able to model that. Let’s model how the angle of the Sun in the sky changes how much sunlight we get.

Present slide Q and pass out Modeling Sunlight Angles.

Conduct an investigation of sunlight angles. Organize students into groups of 2-3. Each
group of students will need a tray (or a notebook or any other sturdy, flat surface that
they can hold and manipulate), two pieces of graph paper, a flashlight, a ruler, tape, and
a pencil. Students should follow the directions on the handout to count the number of
cells of graph paper illuminated when the flashlight is held at an angle versus when the
flashlight is held directly above the tray. Then they will use the handout to calculate the
watts per square to establish how concentrated the light energy is for each flashlight
position. When students are finished, they should add the number of lit squares they
counted to the T-chart you have created at the front of the room for this purpose,
labeled “Light at an angle (Sun lower in the sky)” and “Direct light (Sun higher in the sky).”
If students are finished early, ask them to begin averaging the data on the chart. An
example of what this chart might look like is at right.

Take an average to compare data. Quickly average the data on each side of the chart to
allow students to compare conditions. If your students feel comfortable taking averages
or you want to create an opportunity for them to practice this quantitative skill, you can
ask students to take the average on their own before recording the number on the poster.

ALTERNATE
ACTIVITY

To help students understand the idea of concentration, you might consider exploring the analogy of frosting on
a cupcake. When you take one tub of frosting and spread the whole thing over a cupcake, the frosting (energy)
will be very concentrated (more frosting in each bite). But when you spread that same tub of frosting on a full-
sized cake, the frosting (energy) will be spread out, so you will get less frosting in each bite.



14 min12 · CONSENSUS DISCUSSION: SEASONS
MATERIALS: Modeling Sunlight Angles, Northern Hemisphere and Southern Hemisphere Seasons (optional)

Present our findings in a Scientists Circle. When students are done, bring the class together to explain seasons. Have students bring Modeling
Sunlight Angles with them. Tell students that we will have a Consensus Discussion to establish a classroom consensus model for the seasonal
patterns we identified .

Present slide R. Draw students’ attention to the first question on the slide, which is also in the handout. Ask, When the flashlight is shining
directly onto the paper, what can we say about how much light energy each graph paper square is getting compared to when the flashlight is shining
at an angle? Look for students to point out that when the model represented the Sun being higher in the sky (the flashlight was shining
directly on the graph paper), the sunlight was more concentrated, more direct, or more dense or that there was more of it per square.
Whenever possible, use the language that students use to talk about concentration of sunlight over a spot on Earth’s surface.

Develop a consensus model. Draw students’ attention to the second
question on the slide, which is also in the handout. Say, Can someone
explain how this model explains why it’s warmer in the summer here? Look for
students to talk about how when there is more sunlight (or sunlight is
more dense, more concentrated, more direct), it feels warmer. The pattern
that we noticed of the Sun being higher in the summer means that in the
summer, we are getting more sunlight (per unit area of Earth’s surface or in
our region) because the Sun is higher in the sky. This is why it is warmer in
summer.

As students share ideas, sketch a model at the front of the room that
reflects their ideas. Before you begin, point out the perspective you are
taking in the system. Say, I am going to sketch out our ideas as if we were
floating right next to Earth, but far enough away that I can see the way the Sun
is shining over the whole globe. Your model may look something like the
illustration here. Check in with students after adding parts and interactions
to the model to make sure you are representing their ideas. This will also
help to surface partial understandings that you can address by soliciting
critique from other students.

ADDITIONAL
GUIDANCE

If students were very convinced that distance was a factor, take the time here to make a connection back to the
home learning to remind students that this is a better explanation for seasonal temperature change, particularly
considering that the seasonal patterns are flipped between the Northern and Southern Hemispheres.

If students are struggling with the connection between energy and temperature, remind them of what we
figured out in OpenSciEd Unit 6.2: How can containers keep stuff from warming up or cooling down? (Cup Design
Unit): that more energy transferred to Earth’s surface translates to more movement of the particles, which
means higher temperatures.

✱ STRATEGIES FOR THIS
CONSENSUS DISCUSSION

The goal of a Consensus Discussion is to
press toward a common (class-level)
explanation or model by resolving
disagreements and partial understandings.
Your role is to help students take stock of our
current models and explanations, listen
carefully to student ideas, and facilitate
student talk to resolve partial
understandings.

Here are some questions you can use to
solicit ideas to develop or modify the model
for seasons:

How should we represent our
model for seasons? Are we OK with
that?
Do we all agree with that?
How are these explanations
similar? How are they different?
Both groups seem to be using the
same term but in a different way.
Could someone explain the
difference?
What modifications might you
make to clarify confusion?



Explain why the seasons are different in the Southern Hemisphere. If you are tight on time, you can move into the navigation and skip this
step. But if you have a couple of minutes left, you can lead a short
discussion to explain the difference in these patterns in the Southern and
Northern Hemispheres and make a connection back to the podcasts in
Lesson 1. Present slide S, which has the podcast map we saw in Lesson 1.
Say, In the podcasts we listened to in Lesson 1, we heard about how the
seasons are actually the opposite in Australia and South Africa compared to
our area. Point to the classroom consensus model, Ask, How does this
model explain why it is winter in South Africa and Australia when it is summer
here? For more support, pass out Northern Hemisphere and Southern
Hemisphere Seasons and have students fill it in individually before
facilitating a discussion.

Look for students to point out that in winter when Earth is tilted
away from the Sun in the Northern Hemisphere, like in the diagram

above and on Northern Hemisphere and Southern Hemisphere Seasons, the
southern half of the globe is pointed toward the Sun. That means that an
observer in Argentina will experience more hours of daylight and more
solar energy per area. The Sun will appear higher in the sky in the
Southern Hemisphere, and it will be warmer there and cooler here. The
opposite will be true in summer.

ASSESSMENT
OPPORTUNITY

2.A Develop, revise, and use models of the Earth-Sun system to explain seasonal patterns of the motion of the
Sun in the sky and of temperatures over the surface of Earth.

What to look/listen for: Listen for the way that students are describing how the tilt affects the temperature. It is
common for students to combine their ideas about proximity and warmth with the new ideas about the tilt of
Earth to form a hybrid conceptual model. Students who are using this conceptual model will explain that the tilt
of Earth pushes one hemisphere closer to the Sun in summer.

What to do: If you hear this idea come out, highlight it and ask, Is that what is happening? Does anybody else have
a different idea? Ask students to go back to the evidence from the home learning to explain how those data
support this idea. The difference in distance due to the tilt of Earth between the two hemispheres is negligible
compared to these numbers. Make sure the class comes to consensus that while in general proximity does
affect how much energy we get from something, in this case the concentration of the light is the primary driver
of temperature patterns.



KEY IDEAS Purpose of the discussion: There are two goals of this discussion: (1) to generate ideas about why studying the
sky is relevant for humans and (2) to generate new ideas about specific patterns in the sky.

Listen for these ideas:
Earth moves around the Sun, but even though the orbit is not a perfect circle, the distance between
Earth and the Sun does not explain the seasons we experience.
Because of Earth’s tilt, the sunlight shines on Earth’s surface directly when we are tilted toward the Sun.
When we are tilted away from the Sun, the sunlight is at an angle.
When the Sun is shining directly on the surface of Earth, the sunlight is more concentrated on that
surface so it feels hotter. That’s summer. When the Sun is shining at an angle and looks low in the sky,
the sunlight is spread out over more surface so those surfaces don’t warm up as much and it feels
cooler. That’s winter.
When the sunlight is direct on the top half of Earth (the Northern Hemisphere), it is at a lower angle in
the sky in the Southern Hemisphere, and vice versa. This is why the seasonal patterns are the opposite
for us compared with places like Australia and South Africa.

Record students’ ideas in their Progress Trackers. Say, We’ve developed some really important ideas about seasonal patterns like the motion of
Earth around the Sun and temperature, both of which impact a lot of people and other living things on Earth. Let’s start to keep track of some of these
ideas in a Progress Tracker in our notebooks. Display slide T.

Have students count out 10 pages in their science notebooks after the table of contents, if they have not already. At the top of the first page
they should record the driving question for the unit ("Why do we see patterns in the sky, and what else is out there that we can’t see?") and
draw a T-chart below it. Then they should label the left side of the T-chart “Question/Lesson #” and the right side “What I figured out,” as
shown on the slide. Direct students to record the lesson question in the left column of the table (Why do we see seasonal patterns?), along
with the lesson number. Then have students add their ideas in the right column. Remind them that they can use any combination of words
and pictures to record their ideas. An example of what students might record is shown below.

ADDITIONAL
GUIDANCE

Remind students that the Progress Tracker is a thinking tool that is designed to help them keep track of their
ideas. The sample Progress Tracker included in these materials serves as teacher guidance for what students
may say at various points throughout the unit. Some students may say more, others may say less. It is important
that what the students write in the Progress Tracker reflects their own thinking at that particular moment. In this
way, the Progress Tracker can be used to make visible individual student progress throughout the unit. When the
class comes to consensus in future lessons, students will record this in their Progress Tracker with sources of
evidence, making it clear that this is a classroom consensus model, not a record of individual thinking.



Question / Lesson # What I figured out

Why do we see
seasonal patterns?
(Lesson 2)

Because of Earth’s tilt, the sunlight shines on
us directly when we are tilted toward the
Sun. When it’s like that, the Sun is high in the
sky, like this. When the Sun is shining
directly on us, the sunlight is more
concentrated so it feels hotter. That’s
summer.

When we are tilted away from the Sun, the
sunlight is at an angle. When it’s like that, the
Sun is low in the sky, like this. When the Sun
is shining at an angle and looks low in the
sky, the sunlight is spread out so there will
be less energy per area and it feels cooler.
That’s winter.



10 min13 · NAVIGATION AND OPTIONAL EXTENSION
MATERIALS: The Equator, the Midnight Sun, and the Analemma (optional)

Offer an optional extension reading. Say, The tilt of Earth as it orbits the Sun explains a lot of different patterns that we experience on Earth. Some
of them we experience here in the Northern Hemisphere, and some of them we need to travel in order to experience. Offer students The Equator, the
Midnight Sun, and the Analemma as an optional extension reading about other things we can explain with this model, including the midnight
Sun, and the annalema. This is also available as a handout.

Return to the DQB. Present slide U, and say, Wow, we really figured out a lot about the Sun! Ask students to gather at the DQB and remove a
sticky that they feel we have answered. Then ask them to turn and talk to a partner about the answer to the question on the sticky. Consider
having students put the answered stickies in a new section of the DQB or on a new piece of chart paper. If there is time, you might ask
students to copy the question into their notebooks and answer it underneath.

Then point to the DQB and say, We still have a lot of questions about other objects in the sky. Turn to a partner and share a question that you would
like to investigate about other patterns in the sky. After a minute, say, I heard a lot of questions, including several about the Moon. Let’s plan to
investigate more about the Moon next time.

Assign home learning. Say, We learned a lot about the Sun the other day using planetarium software. But it would be really cool to make some real-
life observations of objects in space too. What kinds of observations about the Moon could we make in real life in preparation for our next lesson?
Look for students to suggest the following:

Looking at the shape of the Moon and possibly drawing it
Recording when the observation(s) was made
Recording how high up in the sky the Moon was at the time(s) of the observation(s) (e.g., how steep the angle of their arm was pointed
toward where it was located)

Present slide V. Say, I think this is a great idea. Let’s all do what we can to observe the shape of the Moon before we meet next time. You can record
your data by taking a photo, sketching a picture, or describing the Moon in a paragraph. Be ready to share your observation and describe when you
took it and where you were. To make this easier for students, make sure that you have looked up the phase of the Moon beforehand so that you
can tell them when to go outside and look for the Moon. An online lunar almanac or ephemeris will tell you when the Moon rises and sets
tonight and over the next few days.

ALTERNATE
ACTIVITY

If students can’t see the Moon because it is not safe for them to make observations outside or because the sky is
obscured by buildings, you can use this time to ask if any students have seen it in the past. You can also print out
a lunar calendar from an online ephemeris such as https://www.almanac.com/astronomy/moon/calenda to
provide for students. Students can check the phase of the Moon on their smartphones, if available, or using a
search engine connected to the internet.

https://www.almanac.com/astronomy/moon/calenda


Additional Lesson 2 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

In middle school math, students are expected to analyze proportional relationships and use them to solve real-
world and mathematical problems. The following seventh grade standard is from the common core state
standards initiative:

CCSS.MATH.CONTENT.7.RP.A.1 Compute unit rates associated with ratios of fractions, including ratios of
lengths, areas and other quantities measured in like or different units. For example, if a person walks 1/2 mile in
each 1/4 hour, compute the unit rate as the complex fraction 1/2/1/4 miles per hour, equivalently 2 miles per hour.
In this lesson, students calculate the ratio of light per unit area to solve a real world problem: explaining
temperature variation over a year.


