
LESSON 7: Are changes in carbon dioxide and methane related to or causing
temperatures to increase?

PREVIOUS LESSON We discussed our previous understanding of the composition of air and analyzed graphs and charts showing the concentration of gases that make up the air.
We developed a better understanding of parts per million and figured out how to calculate the percent change in their concentration over time. We noticed that,
over a 100-year time period, some gases remained stable, some changed very little, and other gases in the atmosphere changed a lot.

THIS LESSON

INVESTIGATION

2 days

  

We use molecular models to investigate the way molecules move in response to heat transfer. We investigate
this idea further by using an interactive showing how molecules move when heat is absorbed. Using these ideas
and the ideas from a reading, we figure out that, because greenhouse gases absorb, vibrate, and release heat,
they keep our atmosphere warm. We apply these ideas to what we learned about GHGs increasing in our
atmosphere to figure out that increasing GHGs are why temperatures are currently increasing. We wonder if this
is normal.

NEXT LESSON We will carry out an investigation and find that gas can be trapped in ice. We will find out about how scientists use ice core samples from locations on Earth that
have very old ice to determine the amounts of carbon dioxide in the air over time. We focus on carbon dioxide and examine carbon dioxide data from ice cores
dating back 800,000 years. We notice carbon dioxide naturally fluctuates up and down, but the current levels are outside of the normal high range for carbon
dioxide.

BUILDING TOWARD NGSS

MS-ESS3-1, MS-ESS3-3, MS-ESS3-
4, MS-ESS3-5, MS-ETS1-2

WHAT STUDENTS WILL DO

7.A Develop a model to describe how greenhouse gas molecules respond to energy transfer from Earth to the atmosphere and cause the
temperatures to rise.

WHAT STUDENTS WILL FIGURE OUT

GHGs are gas molecules in the atmosphere that absorb, vibrate, and release heat back into the atmosphere. This keeps Earth at a livable
temperature.
As the amount of GHGs increases in our atmosphere, they cause the atmosphere to get warmer.



Lesson 7 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 10 min NAVIGATION
Surface students’ prior knowledge about what happens when things warm up, and how these ideas may apply to the
atmosphere and air molecules as temperatures rise.

A chart paper or white board, markers,
optional slides

2 12 min INVESTIGATE THE MOTION OF GAS MOLECULES
Set up the Molecules in Motion lab and place students in small groups. Distribute Important Gases in the Atmosphere
and molecular models. Monitor students as they investigate how molecules move.

B-D Important Gases in the Atmosphere,
whiteboard or chart paper, markers,
Molecules in Motion

3 15 min USE AN INTERACTIVE TO UNDERSTAND MORE ABOUT GASES IN THE ATMOSPHERE
Set up the interactive and do an analogy map as a class. Predict which gas or gases will respond more to heat transfer
based on students’ observations of molecular models. Use the interactive to explore how gas molecules in the air
respond to heat transfer.

E-G Important Gases in the Atmosphere,
PhET Molecules and Heat interactive,
computer and projector

4 8 min DISCUSS OBSERVATIONS FROM THE INTERACTIVE
Share observations from the interactive and chart results.

H

End of day 1

5 10 min BUILDING UNDERSTANDINGS DISCUSSION
Compare our observations from the interactive and molecular models to the groupings from Lesson 6. Lead a Building
Understandings Discussion and record model ideas.

I-J

6 12 min READING GASES THAT VIBRATE
Read Gases that Vibrate with a partner, highlighting important ideas.

K Gases that Vibrate, highlighter

7 20 min SUMMARIZE AND UPDATE PROGRESS TRACKER
Summarize important ideas from the reading. Update Progress Tracker with models and model ideas.

L-M colored pencils, Model Ideas list,
markers

8 3 min NAVIGATION
Navigate to the next lesson by asking if students think that increasing GHGs in the atmosphere are just part of a
normal cycle.

N

End of day 2



Lesson 7 • Materials List
per student per group per class

Molecules in Motion materials Marshmallow Molecular Models (pre-assembled)

Lesson materials science notebook
Important Gases in the Atmosphere
Gases that Vibrate
highlighter
colored pencils

chart paper or white board
markers
optional slides
whiteboard or chart paper
PhET Molecules and Heat interactive
computer and projector
Model Ideas list

Materials preparation (45 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.

There is one reading in this lesson that is not leveled, but should be accessible to most students. Based on seven readability formulas, the text ranged between 6th- and 7th-grade readability.
The text should be modified for below grade level readers as needed by shortening sentences and replacing some vocabulary (e.g., replace “cylinder” with “jar”).

Gases that Vibrate Lexile range: 810L-1000L; Flesch-Kincaid Grade Level: 6.4.

Test the PhET Molecules and Heat interactive from www.teachersopensciedfieldtest.org/droughtsfloods .

Day 1: Molecules in Motion
Group size: 2-3
Setup:

At least 24 hours before, and no more than 48 hours before, you will make the models; lay out to dry enough large marshmallows to make a set of molecular models for
each group. One set requires 15 large marshmallows. Laying them out to dry will make them less sticky, allow you to write on them easily, and discourage students from
eating them. Laying the marshmallows out too long will make it difficult to insert the pipe cleaners.
Use scissors to cut pipe cleaners into 2.5” pieces. You will need 15 2.5” pieces for each set of molecules.
Once marshmallows have dried for at least 24 hours and not more than 48 hours, assemble molecular models as shown in the Marshmallow Model Assembly video located
at www.teachersopensciedfieldtest.org/droughtsfloods and according to the table below.
Use a sharpie to write the atomic symbol on the marshmallows as shown in the images above. You may want to write the symbol on two sides of the marshmallow so that
it is visible from several directions.

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


Oxygen gas
2-marshmallows
2-2.5” pipe
cleaners (two for
one bond)

Water
3-marshmallows
2-2.5” pipe cleaners
(one for each bond)

Nitrogen gas
2-marshmallows
3-2.5” pipe
cleaners (three for
one bond)

Carbon Dioxide
3-marshmallows
4-2.5” pipe cleaners
(two for each bond)

Methane
5-marshmallows
4-2.5” pipe
cleaners (one for
each bond)

Notes for during the lab: Caution students to move molecules gently so that they don’t come apart. The pipe cleaners are hard to reinsert once they come out. Also, caution students
NOT to eat the marshmallows.
Safety: Students should not eat the marshmallows.
Disposal: These models can be discarded in the trash can or saved for later use. Allowing the models to dry completely is OK, but if pipe cleaners come out of the marshmallows, it
will be difficult to replace them.
Storage: If stored in an airtight container and marshmallows are not completely dry, they may become sticky over time.



Lesson 7 • Where We Are Going and NOT Going
Where We Are Going

In this lesson students will investigate that greenhouse gas molecules behave differently than other atmospheric gas molecules when energy is transferred to them. In previous units they have
learned that the sun warms Earth and that the heat from Earth transfers to the atmosphere through conduction. The students learn what happens next once that heat is transferred to
molecules in the atmosphere. GHGs absorb the energy, vibrate, and release that energy in the atmosphere in all directions. This interaction between heat and GHG molecules is what causes
the greenhouse effect. For this reason the concentration of GHGs is proportional to temperature. Because the amount of GHGs in our atmosphere is increasing, our temperatures are rising
more than normal.

Where We Are NOT Going

Students will investigate atmospheric molecules and how the bonds between the atoms are flexible—but they will not learn about chemical bonding. They will learn through a reading that
heat causes GHG molecules to vibrate, but they will not go on further to learn about resonance. Infrared light is the electromagnetic radiation that we detect as heat. This radiation interacts
with the GHG molecules, but the terms/phrases—electromagnetic radiation, radiation, and infrared—are not part of this lesson.



10 min

LEARNING PLAN for LESSON 7
1 · NAVIGATION
MATERIALS: chart paper or white board, markers, optional slides

Remind students where we left off. Say, We left the last class wondering about these gases that are increasing in our atmosphere. Are these gases
related to the temperature increasing or possibly even causing the temperature change? First, let’s remind ourselves of what we already know about
when things warm up and temperatures increase.

Turn and talk about prior ideas about molecules and temperature. Display slide A. Say, We learned in the Cup Design Unit about what
happens when things warm up. And, we learned in the Storms Unit how the sun interacts with the ground to warm the air molecules in the
atmosphere. Turn and talk to your partner about other ideas you may already have that could help us explain what’s going on with temperatures in
the atmosphere and whether gases could be related.

Listen for students to recall:

At higher temperatures, molecules move faster.
More heat = faster moving molecules.
Less heat = slower moving molecules.
The atmosphere is warmed because the sun has heated the surface of
Earth.
The heat of Earth transfers to the air by conduction.
When air molecules start moving more, the air has a warmer
temperature.
Temperature is the energy of the moving particles (average kinetic
energy).

Discuss and diagram students’ knowledge about how air molecules could be
related to temperatures. Say, I heard in your conversations that the Sun warms
Earth, and that heat from Earth (or ground) warms the air. Let’s represent our thinking
in a model to see what we already know about temperature and warming up. Start a
diagram like the one shown to the right. Document your students’ existing
knowledge in a diagram on chart paper or the white board.

Then say, What happens when heat, which is energy, reaches an air molecule? Do you have any ideas? And how could that relate to temperature.

Suggested prompt Sample student response

What happens when heat from Earth reaches an air molecule? And
how does that relate to temperature?

Maybe it makes the molecules move faster and temperature goes up.

If temperature is going up, then there must be more energy in the air.
And if there is more energy, molecules are likely moving faster.

Identify a key question to guide the next activity. Write the question near the diagram, What happens when energy reaches an air molecule?

Say, We’re thinking that when energy reaches those molecules it could cause them to move more. Let’s try this out with a few of the molecules we’ve
been investigating.



12 min

ALTERNATE
ACTIVITY

This navigation depends on students bringing science ideas from the Cup Design Unit and the Storms Unit. If
your students have not had these units, you will need to add support to this discussion. Optional slides are
provided to facilitate a longer discussion about how energy from the sun warms the atmosphere. Two
important ideas students need are that 1) the atmosphere is warmed from below when sunlight warms the
surface and energy is transferred (heat) to the air above it, and 2) that temperature is a measure of the motion
(average kinetic energy) of particles, which higher temperatures indicating more motion of particles.

2 · INVESTIGATE THE MOTION OF GAS MOLECULES
MATERIALS: Molecules in Motion, science notebook, Important Gases in the Atmosphere, whiteboard or chart paper, markers

Set up the investigation of atmospheric gases. Display slide B. Say, We get that the ground gives off
heat as it warms and this heat is energy. We know this is the way the air in the atmosphere normally warms
up. But what we’re wondering about is what happens to this energy when it reaches the air molecules. We
suspect they might move more. Let's do some tests with the different molecules we’ve been studying. I have
some molecular models that we can use. What are some ways we could simulate adding energy to those
molecules?

Listen for students to suggest:
Move them faster.
Move them more.
Wiggle them.
Bounce them around.

Say, Let’s try a few of those things and document what we observe.

Group students and prepare for an investigation. Display slide C. Place students in groups of 2-3. Distribute one copy of Important Gases in
the Atmosphere to each student. Hold up one of the marshmallow and pipe cleaner models to demonstrate. Call attention to the way the
atoms in the molecules are connected in your marshmallow model. Tell students that these connections are not rigid. Remind students of
the models they used in the Bath Bombs Unit.

ADDITIONAL
GUIDANCE

It is important that the molecular models you use have flexible “bonds.” In other words, do not use wooden
sticks or hard plastic rods to connect the atoms together into a molecule. Instructions are provided to make
these molecular models from large marshmallows and pipe cleaners. Molecular models that use springs to
connect the atoms together are also acceptable but are more expensive. The atoms within the molecule must
be free to move and wiggle relative to other atoms in the molecule. This is more like the natural world. Be sure
to use the large marshmallows because the smaller ones are not heavy enough to move in the molecule.

Distribute molecular models of the following gases: O , N , CO , H O, and CH . Say, These represent the molecules of the gases we worked
with in our last lesson, and we also recognize these as common gases that make up the atmosphere.

Have students sketch each molecule in the appropriate space on the handout. Encourage students to use the whole space for their
sketches.

Investigate molecular motion in atmospheric gas molecules. Display slide D and say, Let’s test adding energy to these gas molecules. Move the
molecules so that they bounce off of surfaces or other molecules. Watch how the molecules and the atoms in the molecules move. If the molecule you
are moving has an atom in the center, hold that atom as you move the molecule.

2 2 2 2 4



ADDITIONAL
GUIDANCE

Remind students that they learned about molecular models in the Bath Bombs Unit and what they learned
about the small numbers that appear as subscripts. These numbers help them know how many of each atom
are in the molecule. Symbols without a number mean that there is only one of that atom in the molecule. If
there are numbers lower and to the right of the symbol, that tells them the number of atoms that are in the
molecule. You may want to suggest that, if carbon (C) is part of the molecule, it usually appears in the center of
the molecule. Therefore, CO  would be represented as O--C--O instead of C--O--O. However, do not be overly
concerned that the structure is perfect. Getting the right number and type of atom is what is important for this
activity. Also, we do not want students to overly focus on the bonds. It’s OK for them to notice that Nitrogen
with a triple bond is less wiggling than the molecules with single bonds, but students do not need to
understand why there are triple, double, or single bonds.

This should only take a few minutes for students to see what the atoms in the molecules are doing. Encourage students to record their
observations on the handout as they investigate each molecule. They can use words and phrases like “moves a lot,” “doesn’t move much,”
“moves the most,” and “vibrates” or “wiggles.”

Share out and record what we noticed about movement of the molecules. Ask students to share out what they noticed about the
movement of the different molecules. Listen for ideas, such as:

all the molecules can move more if you just move them fast in the air.
in some molecules, the atoms seem to wiggle,
CH  atoms moved or wiggled the most,
O  and N  atoms wiggled the least, and
H O and CO  atoms wiggled a lot, too.

Say, If we categorize these molecules into two groups—those that wiggle a lot and those that don’t wiggle very much—where would we put each
molecule? As students share, record the molecule formulas into two groups on the whiteboard or chart paper. The groups should be like this:

Molecules that wiggle a lot Molecules that DO NOT wiggle much

(H O, CO , CH ) (N , H )

Set up the key questions to motivate observation from an interactive. Say, We agree that when energy reaches these molecules, they all move
more. But we also noticed that some molecules can also wiggle, and others don’t do that as much. Does this wiggling matter? And also, what happens
to that energy after it causes the molecules to wiggle and move?

Suggested prompt Sample student response

Does being able to wiggle when heat reaches the molecule matter? They are the same gases that are going up so maybe there is
something there that’s important.

What happens to the energy next? It turns into movement maybe? It keeps going. I don’t know but it can’t
just disappear.

Say, OK, let’s test a few more things about these molecules and energy. Let’s see if we can find out if the wiggling is important, and what happens to
the energy after it causes the molecules to wiggle.

2

4
2 2
2 2

2 2 4 2 2



15 min3 · USE AN INTERACTIVE TO UNDERSTAND MORE ABOUT GASES IN THE ATMOSPHERE
MATERIALS: Important Gases in the Atmosphere, PhET Molecules and Heat interactive, computer and projector

ADDITIONAL
GUIDANCE

For this field test we are using an interactive that will be revised for the public release based on the results of
the field test. As it appears here, Earth is represented by a flashlight that most students will initially connect to
the sun. It’s important to take time here to help students connect the flashlight to heat from Earth instead. If the
interactive proves useful in the field test, we will revise the interactive further to replace the flashlight with an
image of Earth in the public release version. As it is here, you may have to take extra time ensuring that your
students understand what each part of the interactive represents. Additionally, students may not be familiar
with packets or bundles of energy and may be most familiar with energy as a wave. These bundles of energy
are photons of infrared light that we perceive as heat. These ideas are above middle-school grade levels. Your
students will get this science content in high school.

Set the purpose for the interactive. Say, It seems we have figured out that the molecules in the atmosphere can move in different ways when
energy reaches them. Then what? Where does the energy go and does the wiggling seem to matter?

Introduce the interactive and give students guidance. Project the PhET Molecules and Heat interactive from www.teachersopensciedfieldtest.
org/droughtsfloods . Display slide E (and optional setup to the interactive can be found on slides E1-E3). Say, I found an interactive that shows
heat interacting with these molecules, but it is a little different than you are used to seeing. It shows heat represented by packets of energy coming
from a heat source that looks like a flashlight. Before we make observations, let’s map the interactive to what we are trying to figure out in the real
world.

Complete the table below on the board to help students map the analogy of the flashlight in the interactive to the real-life representation
that they are studying. Leave this up for students to see as they work with the interactive.

Feature of the Interactive

...is like...

Feature of the real world

Flashlight labeled heat from Earth’s surface Earth after it is warmed by the sun.

bundle or packet of energy coming from the
flashlight

heat coming from Earth to warm the atmosphere.

Predict which molecules will interact more with heat. Display slide F and let students make predictions. Use the graphics on the slide to
help students remember that the flashlight represents a warmed Earth surface. Mention that the molecule and thickness of the atmosphere
are not to scale.

Display slide G and say, As you use the interactive, describe on the handout how each molecule behaves when it encounters a bundle of heat, or
energy. Think about where that energy goes after the encounter. Use the questions on the slide to help you focus your work and record everything on
the handout. Use the back of the page if you need more room. You may use sketches, words, or both in your descriptions.

Use the interactive to investigate interactions of heat with molecules of the atmosphere. Make observations from the interactive together,
in partners, or individually. Allow students 10 minutes to make observations of each of the molecules they have been working with. They
should record their observations on the handout that they have been using, Unknown material with identifier: er.l6.ho1, and describe carefully
the way each molecule interacts with the packets of energy (heat) that come from the flashlight. Also, if students want to tally how much
heat goes through and how much goes off in another direction, encourage them to do that on their handout.✱

✱ ATTENDING TO EQUITY

Universal Design for Learning: Some
students may struggle with using an
interactive and recording ideas on a handout
at the same time. You can support
representation and perception of the
information by encouraging students to only
focus on going through the interactive first
and make some general observations that
they share with a partner. After the initial
pass with the interactive, tell students to try
out the interactive with one molecule, pause
and record observations, and then move to
the next molecule. Having time at the
beginning to only work with the interactive
will allow students to make general
observations first and then record their ideas
on the next pass through the interactive.

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


8 min

Listen and probe student ideas. Use this opportunity to gauge how students are making sense of molecular behavior when the molecules
encounter heat. Probe their ideas to understand what they are thinking and how they are reasoning with this new information.

Suggested prompts Sample student responses Follow-up questions

What are you seeing with the interactive? The heat bundles don’t seem to do anything
to some of the gases. They go straight
through.

Which ones? Why do you think these gases
are not affected?

What happens to the heat?
Where does it go next?

Some molecules really move and vibrate
when the bundle of heat hits them.

Which ones? Why do you think these
molecules are the ones that really move and
vibrate?

What happens to the heat after it makes the
molecule move and vibrate? Where does this
heat go next?

4 · DISCUSS OBSERVATIONS FROM THE INTERACTIVE
MATERIALS: None

Share observations of molecule movement. Display slide H. Ask, What did you notice about these molecules when heat is transferred to the
molecule? Describe how those molecules behave and what happens to the energy.

Listen for students to share these ideas:
Some molecules the heat went straight through them.
Some molecules the heat seemed to get absorbed or stopped but then shot out in other directions.
Some molecules can move more than others, or wiggle, because the atoms in the molecule can move.
These molecules are also the ones that vibrate when heat is transferred to them. (from interactive)
Some energy seems to be coming off of the ones that vibrate in a lot of different directions.

Revise the two-column chart on the board to note how molecules interacted with heat. Ask students to note which molecules sent heat in
all directions and which let it go straight through. Record using a checkmark or other symbol in a different color. Their answers should
correspond to the ones shown in the chart.

Molecules that wiggle a lot Molecules that DO NOT wiggle
much

✓ Heat went out in all directions

(H O✓, CO ✓, CH ✓) (N , H )

Wrap up class and preview day 2. Say, Tomorrow we will continue to make sense of what you have figured out today about what happens to these
molecules when energy is transferred to them.

End of day 1

2 2 4 2 2



10 min5 · BUILDING UNDERSTANDINGS DISCUSSION
MATERIALS: science notebook

Navigate in from day 1. Display slide I and the chart from the previous day about
which molecules move the most. Have students turn and talk with a partner
about what they noticed about how the different gases that make up the
atmosphere acted when energy is transferred to them. Students should note that
H O, CO , and CH  vibrated or wiggled and moved more when heat was
transferred to them. From the interactive, those molecules also released that
heat in all directions, while the ones that wiggled less let heat go straight through.

Lead a Building Understandings Discussion and update model. You may want to
project the interactive and have the molecular models available so that you or
the students can demonstrate throughout this discussion. Say, We have figured
out several things about these gases. Let’s make a list of ideas that we have figured
out. Can someone offer an idea that you have figured out about gas molecules in our
atmosphere? Use the dialogue below to guide your discussion.

Display slide J. As student share, record these ideas on the model.✱

KEY IDEAS Purpose of this discussion: Use evidence from the data in Lesson 6, the molecular model investigation, and the
interactive to reason that the gases that are increasing in our atmosphere are the same gases that absorb and
re-emit heat in the atmosphere. This sets students up to wonder if this is causing rising temperatures.

Listen for these ideas:
CO  and CH  are increasing in our atmosphere.
H O, CO , and CH  are able to move more than N  and O .
H O, CO , and CH  vibrate or wiggle when heat is transferred to them.
N  and O  do not vibrate or wiggle when heat is transferred to them. They let heat go straight to
space.
H O, CO , and CH  release the heat after they vibrate. The released heat leaves the molecule in all
directions. They let some go through to space.

Suggested prompt Sample student response

What happened when energy reached the molecules? Some it went through. It caused some to vibrate and those that
vibrated shot it out in random directions.

OK, so for the ones that the energy went straight through, where does it
go next?

It just keeps going out to space.

It seems that other gases started vibrating when the energy reached
them. What happened?

Not all the energy did that. Some went straight through. But
sometimes it caused them to shake or wiggle.

Then what? Where did the energy go? It shot back out in all directions.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING CAUSE AND
EFFECT

Students use evidence gathered through
multiple means to figure out that GHG
molecules absorb, vibrate, and release
energy as heat. It is important to emphasize
this mechanism as what causes the
atmosphere to warm. Understanding that
GHGs are the cause is an important part of
understanding the problem of global
warming and climate change, as well as
understanding and developing solutions to
mitigate these problems.

2 2 4
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12 min

Suggested prompt Sample student response

How did your groups compare to the grouping in the last lesson? Give students 1-2 minutes to discuss in pairs and then share their
ideas with whole group.

Bring students back together and document on the chart and/or model which gases are increasing and which are staying stable and how that
maps to the gases that wiggle.

Molecules that wiggle a lot Molecules that DO NOT wiggle
much

(H O✓─, CO ✓↑, CH ✓↑) (N ─, H ─) ✓ Vibrate with heat
↑ Amounts increasing
─ Amounts staying mostly the
same

Set the purpose for getting more information. Say, It seems that some of these gases are special—the atoms in the molecule are able to wiggle—
and we know that the amount of motion is related to the amount of energy the molecule has. They seem to do different things with heat. Some let
heat go straight through and some send it in all directions. Let’s gather more information to see how this relates to our questions about rising
temperatures and whether getting more of these gases could be related.

6 · READING GASES THAT VIBRATE
MATERIALS: Gases that Vibrate, highlighter

Distribute the reading (Gases that Vibrate). Display slide K and pass out 1 copy of the reading to each
student. There are two versions of the reading: The handout version is for printing and for students to
write on and attach to their notebooks, and a second copy is included in the reading section of the
Student Edition.✱
Review the procedures for close reading. Remind students of their purpose by saying, As you read, think
about how these gases relate to temperatures, and whether having more of them matters.

Allow students 10 minutes to read the article.

✱ ATTENDING TO EQUITY

Supporting Universal Design for Learning:
This is informational text. For some students,
such as Emerging Multilingual Learners or
students who need reading support, creating
an audio recording as an alternate
representation of this text that these students
can listen to as they follow along on the
reading can help students access the text.

2 2 4 2 2



20 min7 · SUMMARIZE AND UPDATE PROGRESS TRACKER
MATERIALS: science notebook, colored pencils, Model Ideas list, markers

Summarize as a class the important ideas from the reading. Display slide L. Ask students to share new ideas they learned from the
reading and from the lesson. Say, We have figured out a lot about these gases in our atmosphere and how the atmosphere is getting

warmer. Let’s make a list of big ideas from this lesson that we think are important for answering the lesson question—Are changes in carbon dioxide
and methane related to or causing temperatures to increase?—and explaining how this happens.

Some important ideas may include:
A woman first described carbon dioxide gas as contributing to rising air temperatures.
Carbon dioxide, water vapor, and methane are all important greenhouse gases.
Heat from Earth does not make N  and O vibrate (see diagram below).
Heat from Earth is absorbed by greenhouse gases in the atmosphere (see diagram below).
When a GHG molecule absorbs heat, it vibrates and releases that heat into the atmosphere (see diagram below).
We do not have to worry about H O increasing in the atmosphere because precipitation will take care of it.
Because of their ability to absorb and release heat, GHGs cause our atmosphere to be warm enough for life.

As students share their ideas, update your existing model to show new ideas about how these gases connect to atmospheric temperature.

Heat from Earth does not make N
and O vibrate and the heat goes

straight through to space.

Some heat from Earth is absorbed by
greenhouse gases in the atmosphere.

When a GHG molecule absorbs heat, it
vibrates and releases that heat into the

atmosphere in all directions. This warms up
the air.

Record Key Model Ideas. As students share, start summarizing important ideas and add to the Model Idea list. List only the ideas that
students agree on from this discussion. Some ideas may include:

GHGs are gas molecules in the atmosphere that absorb, vibrate, and release heat back into the atmosphere. This keeps Earth at a
livable temperature.
As the amount of GHGs increase in our atmosphere, they cause the atmosphere to get warmer.
More GHGs = warmer temperatures; Less GHGs =cooler temperatures.

2 2 

2
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Emphasize the proportional relationship between GHGs and temperature when
adding model ideas. Use the dialogue below to help guide the discussion.

Suggested prompts Sample student responses

Can we think of a rule we can use that helps us know how the amount
of GHGs affects temperatures?

GHGs make our atmosphere warm.

Can you use your idea to make a rule for what happens to
temperatures when the amount of GHG changes?

If GHGs go up, the temperature will get warmer!

And, is there a relationship when GHGs go down or decrease? Can you
state that in a rule?

If GHGs decrease, the temperature will get cooler.

Those rules seem to be important relationships that we should add to
our list.

Word Wall. Add “greenhouse gas” to the class Word Wall using a definition that makes sense to students.

ADDITIONAL
GUIDANCE

The idea that GHGs are good or bad may come up in this discussion and it is an important idea for students to
consider. If students do not bring it up, ask, Are GHGs good or bad? Some students may say that they are bad
because they are causing our atmosphere to get warmer. Others may recognize that GHGs are what keep our
planet at a temperature suitable for life. Students should see that we must have GHGs to live on Earth but that
too much GHG in the atmosphere is causing it to warm more than normal and that warming is causing
problems.



ASSESSMENT
OPPORTUNITY

Building towards: 7.A Develop a model to describe how greenhouse gas molecules respond to energy transfer
from Earth to the atmosphere and cause the temperatures to rise.

What to look/listen for: As a formative assessment opportunity, listen for the key ideas listed below to assess
the class’s understanding of the important ideas they have figured out through using molecular models, working
with the interactive, and the reading. Additional individual assessment will occur when students update their
Progress Trackers. An important idea that students should take away from this lesson is that the amount of
GHGs in the atmosphere causes temperature changes in the atmosphere. Students should understand that the
two are not just related but that they now have a causal mechanism to explain the temperature rise.

What to do: Listen for accurate ideas, as well as inaccurate or incomplete ideas, when students are sharing. Try
to hear from as many students in your class as possible. If you hear an inaccurate or incomplete idea, ask the
student to explain their thinking, cite evidence from the interactive or reading, or challenge them to add details
to push their thinking forward or make them realize inaccuracies. Ask students that are not sharing to
paraphrase accurate ideas that another student has shared.

You will have an additional opportunity for assessment as students individually update their Progress Tracker in
the following activity.

If students struggle to understand the causal mechanism
for temperature change, facilitate a deeper discussion to
explain the relationship between GHGs in the atmosphere
and atmospheric air temperature. Write “Amount of GHGs
in the air” and “Air temperature” on the board, drawing a
box around each one. Have the class share ways to
represent the connection between the two boxes. For
example, if they simply draw a line between the two,
what does this communicate about how the two are
related? If they use an arrow, what are the ways they can
draw the arrow, and if they draw the arrow in this
direction, what would that mean? Ask students to use
their evidence from their investigations to decide the best
way to represent the relationship between the two,
indicated with an orange checkmark in the example
image.

Update Progress Tracker with these ideas and a sketch to help explain this process. Display slide M. Say, These are some pretty
complex ideas. I think a model would be useful to help explain this process. Do some of you have some ideas of how to represent this process

of heat transfer to greenhouse gases and the atmosphere? Allow a few students to share ideas of what they will include in their models and how
they are thinking about representing important features. Encourage students to use the sketches that the class agreed on to represent parts
of their models.

Continue by saying, You may use words or sketches (or both!) to answer the lesson question. Use the model ideas you have written down to model
how GHGs warm the atmosphere. Then explain how increasing GHGs are making us warmer. You can do this in words, sketches, or you may want to
add words to your initial model of how GHGs warm the atmosphere. Example student responses are shown below.



Question What I figured out in words/pictures

Are changes in carbon dioxide
and methane related to or
causing temperatures to
increase?

GHGs are gas molecules in the atmosphere that absorb, vibrate, and release heat
back into the atmosphere. This keeps Earth at a livable temperature.
As the amount of GHGs increases in our atmosphere, they cause the atmosphere
to get warmer.

ASSESSMENT
OPPORTUNITY

Building towards: 7.A Develop a model to describe how greenhouse gas molecules respond to energy transfer
from Earth to the atmosphere and cause the temperatures to rise.

What to look/listen for: Review students’ Progress Trackers. Look for the model ideas that are listed above.
Students should represent in a model that GHGs absorb, vibrate, and release heat into the atmosphere. Look
for labels or pictures that connect this released heat to the cause of atmospheric warming. Students should use
words, pictures, or both to indicate that increasing the amount of GHGs in the atmosphere is what is causing our
atmosphere to get warmer.

What to do: Provide quiet time for students to work individually on their Progress Trackers. Monitor their work,
and, if students are struggling with representing important ideas in their models, call attention to the model
ideas and sketches you did with the class during the discussion. They can use these as a starting point for their
models. Collect student notebooks or Progress Trackers before they attach them to their notebooks so you can
review them.

Allow students time to update their Progress Trackers. Give students quiet time to update their Progress Trackers but stop them 2 minutes
before class is over so that you can take them through the navigation routine.



3 min

Working toward this graphing activity
in Lesson 12

8 · NAVIGATION
MATERIALS: None

Summarize the lesson. Display slide N. Say, When we started this lesson, we were wondering if the gases that were increasing in the atmosphere
were related to temperature changes. We know now that these are called greenhouse gases. And, we know that these gases are causing the
temperature to rise.

Navigate to the next lesson. Say, When we were learning about droughts and floods, we wondered if they were just normal for those areas. Do we
know if the increase in GHGs in the air is normal? Is it just part of a natural cycle? What do you think? Allow several students to respond. If there is
time, ask, What data would we need to look at to know if this is normal or not?

Additional Lesson 7 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-Literacy.RST.6-8.2 Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.

CCSS.ELA-Literacy.RST.6-8.7 Integrate quantitative or technical information expressed in words in a text
with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).

CCSS.ELA-Literacy.RST.6-8.10 By the end of grade 8, read and comprehend science/technical texts in the
grades 6-8 text complexity band independently and proficiently.

Students gather information from written text and synthesize that information with what they learned through
working with molecular models and an interactive. Students must determine the central ideas they can
summarize from the reading, and across multiple sources to add to the class’ Model Ideas list and their own
Progress Tracker.

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.Math.Content.7.RP.A.2: Recognize and represent proportional relationships between quantities.

In this lesson students will engage in developing a conceptual
understanding of proportional relationships between greenhouse gases
(GHGs) and atmospheric air temperature. This will serve as foundational
knowledge for students to work with in subsequent lessons, particularly as
they make predictions about future projections of GHGs concentrations
and air temperature in Lesson 12 (shown to the right). While students do
not graph the relationship in this lesson, they will be coming to consensus
on the foundational ideas that GHGs are proportionally related to
temperature and that the relationship is causal. This will support students
in making sense of solutions that involve cutting carbon dioxide emissions,
and how cuts to emissions impact the concentration of CO  in the
atmosphere and, in turn, air temperature.
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