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Foreword

In the autumn of 2018, the National Science Teachers Association (NSTA)
published a powerful position statement on its website about teaching climate
change. And at the end of the year, New York Times writer David Leonhardt
wrote, “There were more obvious big news stories than climate change in 2018.
But there weren’t any more important stories, in my view. That’s why it is my
choice for the top story of the year. It’s the one most likely to affect the lives of
future generations.” Among all areas of science, climate science may well be the
most critical for all citizens to understand. While the science of climate change
is well understood by scientists, everyone will be affected by its consequences
and everyone has a stake in how we respond.
Beyond its societal importance, climate science has a nearly unique pedagogical position as an inherently multidisciplinary, practical subject. Historical observations of weather and climate take into account everything from the
physics of incoming and outgoing radiation balance to the chemistry of gases
that absorb infrared radiation to the biology of photosynthesis and respiration
applied to the land, ocean, and atmosphere of our planet. What’s more, the subject is accessible to all ages: A Framework for K–12 Science Education articulates
grade band endpoints for students from 2nd through 12th grade (NRC 2012,
p. 188).
While many organizations and agencies have published materials to help
educators teach about climate science, few books provide assistance for teachers
in covering the scope of climate science with special attention to humanity’s
role. Laura Tucker and Lois Sherwood have set out to do just that with conscious attention to the three-dimensional teaching and learning called for in the
Framework. Recognizing that many teachers have not had specific training in climate science, the authors provide useful summaries of the underlying science.
The sections on the greenhouse effect, scientifically evaluating data, and conducting research on climate change topics are particularly helpful in recognizing
the multidisciplinary aspects of climate science.
The response to climate change is not itself a scientific subject. Tucker and
Sherwood are very clear that there is no debate about climate science. When
considering what actions to take in the face of a changing climate system, we
move from the scientific to the social or economic or political, where we need
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Foreword
science to inform our arguments and decisions. The boundary between science
as a means of understanding the natural world and the consequences of that
understanding is often poorly defined. The NSTA position statement emphasizes the “science side” but recognizes the implications for society, as well. The
authors have made a real contribution in this area by providing structured suggestions that encourage students to use the science they have learned in considering the effects of human activity. By making this connection, students have the
best chance to use science to positively “affect the lives of future generations.”
—David L. Evans, PhD
Executive Director
National Science Teachers Association
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SESSION 1

What Have You Heard
About Climate Change?
Introduction
The goal of this session is to set the stage for student investigations into the
complex topics of global warming and climate change. Students first participate in a networking activity to introduce them to the Climate Change Agents
whose interviews are found throughout the guide. They then activate their prior
knowledge through a brainstorm of what they have heard about climate change.
In order to reveal student understanding and misconceptions about climate
change, the term heard is used rather than the term know. This allows students
to feel free to share anything they have heard without fear of being wrong while
the teacher is able to uncover their misconceptions prior to further instruction.
This process sets up thinking and communication practices that prepare the
students for Next Generation Science Standards (NGSS) performance expectations
that are developed in the subsequent sessions. After listing ideas they’ve heard
about climate change, students review one another’s lists and formulate questions that they have about climate change.
A formative assessment probe from Uncovering Student Ideas in Earth and Environmental Science by Page Keeley and Laura Tucker is included to assist teachers
in assessing whether their students have a firm understanding of the difference
between climate and weather.
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Session 1

Objectives
1. To encourage students to share their own information about what they
have heard regarding climate change, which serves as a preassessment
of their prior knowledge
2. To establish a base of common information that will be useful both for
teaching and for evaluating the information covered in the unit
3. To assess what knowledge and misconceptions students hold about
climate change

What You Need
Gather the following materials.

For the class:
 Package of sentence strips (usually 100 in a package)
 Roll of masking tape

For each group of four students:
 Marking pens
 5 or more sentence strips from the class package

Note: You can make your own sentence strips rather than buying them. Use
butcher paper cut into 3 × 36 in. long strips, or if the sentence strips are too
cumbersome, choose a shared document platform that students can access from
digital devices.

For each student:
 Science notebook
 Networking card from Handout 1.1: Networking
 Copy of Handout 1.2: Climate Change Agent Interview
 Copy of assessment probe Are They Talking About Climate or

Weather?
Note: The handouts and probe are located on the Extras page: www.nsta.org/
climatechange.
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What Have You Heard About Climate Change?

Preparation
A Few Days Before the Class
1. Find a space on the wall for four columns of sentence strips.
2. Write the following column headings on four different-colored
sentence strips:
•• Questions We Have About Climate Change
•• Accepted as Accurate—Supported by Evidence
•• Accepted as Inaccurate—Supported by Evidence
•• Needs More Information/Evidence/Research

Table 1.1 provides an example of how the columns should look
once you set them up on the wall during class.

Table 1.1: Example of Wall Columns
Questions We
Have About
Climate
Change

Accepted as
Accurate—
Supported by
Evidence

Accepted as
Inaccurate—
Supported by
Evidence

Need More
Information/
Evidence/
Research

• question

• statement

• statement

• statement

• question

• statement

• statement

• statement

3. Decide how you will attach the sentence strips to the wall. A
recommended method is to attach two long strips of masking tape to
the wall for each column of sentence strips, sticky side out. Place the
strips about two feet apart from each other. You may also use poster
putty instead of tape.
4. Decide how you will manage the sentence strips for each class. You can
roll them up after each period or compile them as a group, depending
on how many classes you have.
Note: It is important that the statements in each category can be moved back and
forth as new information is discovered. For example, a statement in the Accepted
as Inaccurate column might be moved to the Needs More Information/Evidence/
Research section when additional information is revealed. Questions can be
removed when they are answered.
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The Day Before the Class
1. Prepare Handout 1.1: Networking for the class. The five-page-long
handout includes 10 different networking cards, with 2 cards per page.
Each card features a quote from a different Climate Change Agent.
Make enough copies so that each student in your class receives a card.
So, for example, if you have 30 students in your class, make three
copies of the handout. Cut each page in half after printing the copies
to separate the cards. (Given that there are only 10 separate cards, some
students will likely have the same interview.)
2. Make copies of Handout 1.2: Climate Change Agent Interview.

Begin!
Networking
1. Distribute one networking card to each student. Tell students that
they will take on the identity of the person on their card and attend
a “networking event” with many other very important people. Let
students know that name-dropping is important at networking events.
2. Ask students to walk around the room and gather information from
as many different people as possible. As they meet each person, they
should exchange names and read the quotes on their cards to each
other. Students then record the names and key ideas from each person
they meet. If your school policy allows it, students may take pictures of
each other’s cards with their cell phones.
3. After about five minutes, have students return to their tables. Ask
them to work with their table partners to compare their impressions
of the people they met at the networking event. Once students have
finished discussing their impressions, tell them that they will have an
opportunity to read more about each of these people in the upcoming
unit.
4. Ask students to discuss the following questions in groups and record
their thinking in their notebooks:
•• What is the common thread between all of the people at the

networking event?
•• Which person are you most interested in learning more about? Why?
•• What do you think you will be learning in the upcoming unit?

5. Give students an opportunity to share their answers with the class.
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Drain Your Brain About Climate Change
1. Tell the class that you want to find out what they have heard about
climate change.
Note: Use the term heard rather than know as it takes pressure off of students to
have correct answers and prompts them to share more freely. This will allow you
to be more effective in assessing your students’ prior knowledge.
2. Invite students to think about everything they have heard about climate
change from television, the internet, social media, books, newspapers,
or word of mouth. Anything they have heard is acceptable.
3. Tell students they each have a few minutes to make a list in their
notebooks of everything that comes to mind. Each student should
have at least four items in their list. Tell them not to worry about using
whole sentences or whether or not they are certain of the information.
They don’t need to personally agree with what they have heard
from a particular source, either. It is good to get all information and
misinformation out where the students can discuss it.
4. Ask them if they have questions about what they are going to do, and
then begin.
5. If some students run out of things to write, have them write questions
they have about climate change.

Thought Swap
1. After a few minutes, or once most students are finished, have them
stop writing.
2. Explain that it is time for a Thought Swap. Students will work in
groups of three to four. The directions are as follows:
a. Each student will read their list to the group. No one is allowed to
interrupt the speaker or comment on the information that is shared
at this time.
b. After one person finishes sharing, the next person has a turn, stating
only those things not covered by the first speaker. This continues
until everyone has shared the content of their lists. Students may
add information shared by their classmates to their own lists.
c. After all group members have shared their information, they can
ask one another questions and discuss what each person had to say.
Any disagreements can be discussed at a later time.
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3. While the group discussion is going on, post the following four
sentence-strip headings to your wall columns or use a computer to
project the categories:
•• Questions We Have About Climate Change
•• Accepted as Accurate—Supported by Evidence
•• Accepted as Inaccurate—Supported by Evidence
•• Needs More Information/Evidence/Research

If sentence strips are being used, leave room under each heading for
15–20 statements to be posted.
4. Ask if there are any questions before moving on.

Sharing What We’ve Heard About Climate Change
1. After about 10 minutes (or when most groups are finished), stop
the small-group discussions. Ask each group to choose two of the
things that they have heard about climate change to share with the
whole class. Tell groups that if what they decide to share is presented
by another group first, then they will have to pick something else to
share. Do not make any comments at this time about the accuracy or
inaccuracy of the information.
2. After each group shares, ask if anything that they had heard about
climate change seems to be contradictory. Mention that climate
change is a complex topic, and misconceptions are very common.
Students may find conflicting information as they study the topic
further. However, the job of conscientious scientists is to back up any
statement with solid evidence, and the students will all be acting like
conscientious scientists throughout the unit. You may want to point
out that what is accepted in science can change as new information is
discovered or revealed, and what we thought to be accurate in the past
may no longer be accurate today.
3. Point out the column headings you placed on the wall. Mention that
at this point in the unit, students most likely will not have enough
information to decide whether the ideas they have heard about climate
change can be accepted as accurate or inaccurate, so you will leave
those categories empty for the time being. As they go through the
unit, students will be conducting investigations, comparing data, and
performing their own research to determine the accuracy or inaccuracy
of what they have heard about climate change. For now, they will keep
all of their ideas written in their notebooks for future reference.
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Note: Students may bring up the ozone hole, acid rain, or other environmental
issues that they confuse with climate change. You may choose to ask them to
eliminate those statements from their list or leave them in as part of the discussion.
	Examples of What Students May Have Heard About Climate
Change
“What I have heard about climate change …”
•• If the climate changes, it will cause glaciers to melt, which will

eventually raise the sea level.
•• It’s caused by ozone-layer thickening.
•• CO2 levels are increasing.
•• Ocean temperatures are increasing.
•• Climate change causes storms to grow larger.
•• Climate change makes the world warmer.
•• A portion of the United States does not recognize it as a problem.
•• The polar ice caps are melting, raising ocean levels.
•• Global warming is bad.
•• Climate change is caused by greenhouse gases.
•• Pollution is depleting the ozone layer.
•• It is making our atmosphere thinner.
•• It is making the world unstable.
•• Burning fossil fuels causes greenhouse gases.
•• Natural disasters are getting worse.
•• It is thought to be more extreme now than in the past.
•• Arctic species are going to be extinct in 20 years.

The Difference Between Weather and Climate
1. It is important that students have a clear understanding of the
difference between the terms weather and climate before continuing with
this unit. Weather refers to the conditions at one particular time and
place. These conditions can change from hour to hour, day to day, and
season to season. Climate, on the other hand, refers to the long-term
average pattern of weather in a location. For example, we might say that
the climate of South Florida is warm, moist, and sunny, although the
weather on a particular day in this region could be quite different than
that. Long-term data are needed to determine changes in climate.
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2. To be sure students have a firm grasp of this foundational component
of the study of climate change, administer the formative assessment
probe Are They Talking About Climate or Weather? The probe can
be found on the Extras page (www.nsta.org/climatechange). Answers
and sample student responses to the open-ended question in the
probe can be found in the Resources section (pp. 25–27) at the end of
this session.
3. If students do not demonstrate a clear understanding of this
fundamental concept, review reteaching suggestions in the Pedagogy
section (pp. 24–25) of this session.

What We Don’t Know About Climate Change
1. Ask students in each group to review their notes on what they have
heard about climate change. From those notes, they will brainstorm
questions they have about climate change. They should have at least
one question per person in the group.
2. Students will post their questions in one of two ways:
•• Have students in each group write their questions on sentence

strips. Then they can bring the strips up to the wall and post them
in the Questions We Have About Climate Change column. As the
questions are being posted, have students monitor the board so
there are no duplicate questions.
•• If using Google Docs or another electronic posting medium, have

students in each group post their questions in the document you
have created. Be sure to monitor what the students are posting to
avoid duplicates and/or inappropriate comments.
3. Once all of the questions are posted, have students take turns reading
them aloud to the class.
Examples of Student Questions
“Questions that I have about climate change …”
•• Why is it a big deal?
•• Is there a scientific experiment on solving climate change?
•• Will it cause any land to disappear?
•• How can we stop it?
•• How long will it take to get too hot to live?
•• How long has it been going on?
•• Will it cause the world to end?
•• How does the release of animal methane affect the ozone?
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•• Why have we not fixed it when we have known about this for so long?
•• Are our advances in science and technology helping or hurting

climate change?
•• What are the contributors?
•• How do automobiles compare with factories in contributing to

climate change?
•• Is climate change speeding up or at a steady pace?

4. Ask students to raise their hands if they know the answers to any of
the questions currently posted. Have them silently write their answers
to these questions in their notebooks without discussion with other
students. Explain that they will have a chance to review these questions
and answers as the unit progresses.

Climate Change Agent Interview
1. Distribute Handout 1.2 to the class. It features the story of Eliza
Dawson, who planned to row from California to Hawaii to draw
attention to the issue of climate change. Ask students for their initial
impressions of the interview. Take a few responses. Refrain from
getting into long discussions at this time. This interview is designed to
get students engaged in the topic of climate change and to introduce a
young scientist who is so passionate that she and three friends planned
to row more than 2,400 miles across the Pacific Ocean to study climate
change.
2. Ask students for their impressions of Eliza’s major setback in her quest
to row to Hawaii and how she handled the setback. Do they agree or
disagree with her choices? Again, this first interview is meant to give
them a brief introduction to the issue of climate change and whet their
appetite for future interviews.

Background for Teachers
Definitions
As you go through the session, you may find the following definitions from the
Environmental Protection Agency helpful.
Climate: The average weather conditions in a particular location or region at a
particular time of the year. Climate is usually measured over a period of 30 years
or more.
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Climate Change: A significant change in the Earth’s climate. The Earth is
currently getting warmer because people are adding heat-trapping greenhouse
gases to the atmosphere. The term global warming refers to warmer temperatures, whereas climate change refers to the broader set of changes that go along
with warmer temperatures, including changes in weather patterns, the oceans,
ice and snow, and ecosystems around the world.
Global Warming: An increase in temperature near the surface of the Earth.
Global warming has occurred in the distant past as the result of natural causes.
However, the term is most often used to refer to recent and ongoing warming
caused by people’s activities. Global warming leads to a bigger set of changes
referred to as global climate change.
Weather: The condition of the atmosphere at a particular place and time. Some
familiar characteristics of the weather include wind, temperature, humidity,
atmospheric pressure, cloudiness, and precipitation. Weather can change from
hour to hour, day to day, and season to season.

Pedagogy
What Students Have Heard Versus What They Know
Teachers have often observed that students will remember inaccurate statements as true when they see them posted for the whole class to see. This is why
students are instructed to put what they have heard in their notebooks and not
where the whole class can read the statements. This helps individual students
reflect on their own ideas and misconceptions and correct them as the unit goes
on. Once a statement has been determined as accurate or inaccurate by the class
based on evidence they have discovered, then the statement can be placed where
it can be seen by the class. Teachers can monitor a specific student’s conceptual
path by reading their science notebook.

Addressing Misconceptions in Climate Versus Weather
The upcoming sessions will direct students to dig deeply into the data associated
with climate change, research the lines of evidence supporting climate change,
and engage in scholarly discourse. For this to have meaning, students need to
have a sound understanding of the difference between climate and weather.
Many students can recite the catchphrase that climate determines the clothes in
your closet, and weather determines the clothes that you select to wear today.
However, when asked to apply their understanding to real-world situations,
students (and adults, too!) often lack deep understanding. To evaluate this, ask
students to complete the formative assessment probe Are They Talking About
Climate or Weather? Answers and sample student responses to the open-ended
question in the probe appear at the end of the Resources section (pp. 26–27). As
you review students’ results, you may find that you need to do some reteaching.
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Select the resources that you want to use for reteaching. You may select
readings from the students’ textbook or appropriate video shorts to share with
your class. (Two short videos are included in the Resources section.) Alternatively you may give students an opportunity to research weather and climate
online.
After showing a video or giving students time for personal research, ask
them to record their own definitions of weather and climate in their notebooks.
Once they have recorded their own thinking, ask students to share their
definitions with others in their group. When everyone has shared, each group
will create one definition for the term weather and one definition for the term
climate.
Have students share their group definitions with the class. Ask students to
make any additions or corrections to their group definition, then create a class
definition for the terms climate and weather. You may use the definitions provided
in the Background for Teachers section (pp. 23–24) to guide student thinking.
Hand back students’ formative assessment and allow them to make corrections to their original responses. Review responses with the class quickly. If you
come to a response where there is disagreement, allow students to make the
case for their selections. Using the class definitions, come to consensus for each
item. This is a great place to give students an opportunity to engage in argumentation, which is both a science and engineering practice in the NGSS and a
Common Core State Standard for both English language arts and math.

Resources
1. These videos help students understand the difference between weather
and climate.
•• This video may be more appropriate for middle school students:

www.youtube.com/watch?v=YbAWny7FV3w.
•• This video may be more appropriate for high school students:

www.youtube.com/watch?v=VHgyOa70Q7Y.
2. The following skit by Deep Rogue Ram shows a weather reporter gone
rogue when she is confronted by her coanchor, who is rather clueless
on the issue of climate change: www.youtube.com/watch?v=TmfcJP_
0eMc&t=6s.
3. Skeptical Science (www.skepticalscience.com) is an excellent resource
with commonly accepted misconceptions about global warming and
climate change along with corresponding scientific explanations. You
can choose different levels of scientific explanations, from basic to
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intermediate to advanced. DO NOT SHARE this information with
students at this time. Students will explore common misconceptions
in Session 4. This resource is listed to help you understand some of the
common misconceptions your students will have heard.
4. National Oceanic and Atmospheric Administration (NOAA)
offers a climate literacy guide called Climate Literacy: The Essential
Principles of Climate Sciences. The guide presents a vision of a climateliterate society. Many scientists and educators collaborated to
produce this guide, building on efforts to define climate literacy
and identify the principles and concepts of climate science that
should be included in K–12 curricula. You can find the guide here:
https://oceanservice.noaa.gov/education/literacy.html.
5. The Yale Program on Climate Change Communication has been
conducting some of the most comprehensive research on public
opinion and behavior concerning climate change. In their studies,
they found that 63% of Americans believe that global warming is
happening, but many do not understand why. Only 8% of Americans
would receive a letter grade of an A or B for their knowledge of global
warming, 40% would receive a C or D, and 52% would get an F.
The studies also found important gaps in knowledge and common
misconceptions about climate change and the Earth system. These
misconceptions lead some people to doubt that global warming
is happening or that human activities are a major contributor, to
misunderstand the causes and the solutions, and to be unaware of the
risks. For more information, go here: http://climatecommunication.yale.
edu/publications/americans-knowledge-of-climate-change.
6. For the Are They Talking About Climate or Weather? assessment
probe, the best answer is that B, E, and H are statements related to
climate. Answer choices A, C, D, and G are statements related to
weather. Students have effectively argued that answer choice F can
relate to both climate and weather. Sample responses to the openended question in the probe are listed here:
•• What had to do with clothing was W and the rest was C, but that

did not work for some.
•• I chose climate for the time of year and weather for anything that

had to do with weather.
•• If the weather was not usual, then I put C, and if it was, I put W.
•• I think climate hasn’t happened; it might happen. Weather already

happened, like it is raining.
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•• I put weather for the ones that state rain, drought. Climate is what

makes the weather happen.
•• It’s climate if it’s a change, and it’s a W if it’s something to do with

how the outdoors affects your day.
•• Rain is something that happens outside. That is climate. Weather is

something you might have to change your clothes for.
•• I think climate when I hear rain, because global warming melts

icebergs, which means more water, and water evaporates quicker
with more rain.
•• My reasoning is that weather is what happens every day and is

mostly unpredictable, and climate is more predictable and is what
happens over a number of years.
•• Weather is rain, snow, hail, sunshine, and wind, and climate is

density. Density is like humidity or moisture in the air.
•• Weather is random. Climate change is big news and at a certain

place.
•• Weather is the conditions such as raining, snowing, sunny, etc.

Climate is conditions of the air, such as humid, muggy, dry, and
others.
•• If the sentence referred to a specific weather condition such as

snow, rain, or temperature, I counted it as weather. If the sentence
referred to natural disasters or did not mention a specific weather
condition, I counted it as climate.
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CLIMATE CHANGE
GRADES 7–12

What’s the best way to approach the hot topic of climate change in your classroom? With the
comprehensive curriculum in this book.
The nine-session module provides both extensive background information and step-by-step
instruction in three-dimensional methods for teaching this complex topic. For your students, it offers
engaging opportunities to investigate and evaluate the lines of evidence for global warming and
climate change. Opportunities for critical thinking and analysis are woven throughout the book to
help students draw their own conclusions about what should be done.
The module includes the following:
• Preassessment of your students’ understanding of global warming and climate change
• A lab investigation about sources of CO2 (carbon dioxide) in the atmosphere
• An opportunity to explore the greenhouse effect by comparing and contrasting physical
and digital models
• A checklist system for evaluating data’s accuracy and reliability, plus a process to evaluate
common misconceptions
• Scaffolding for students to research climate change and then present their findings to their
peers in much the same way that scientists do
• A system to evaluate both the ripple effects of a warming climate and the actions the
government, nonprofits, and corporations are taking to mitigate climate change
The module is easy to use even if you have no background in climate science or are new to the Next
Generation Science Standards. Your classes can master the material in just three or four weeks.
The module can also be used in part to supplement your existing middle or high school curriculum.
Understanding Climate Change helps you empower students to conduct their own investigations,
think for themselves, and plan positive actions in their homes, schools, and communities.
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