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Frameworks for Teaching about Climate and Energy System

A perspective and approach for solving problems centered on the whole
system, including system elements and their inter-relationships.




CLEAN Portal

C L EA N CO I Ie Cti O n r Collection of Climate and Energy Educational Resources

A collection of ~700 free, ready-to-use resources rigorously reviewed by educators and scientists.

Suitabie v, -~~~ndary through higher education classrooms.

Guidance for Teaching S —
Climate and Energy

Resources

Guidance in Teaching Climate
and Energy

CLEAN Network
\

u Register for one or
more webinars in the
CLEAN Webinar Series!

-~ Teachers, check out
the create-your-own
CLEAN-NGSS unit resources!

CLEAN was awarded

the 2017 Friend of the

Planet award by the
NCSE!

About the CLEAN Project CLEAN Review Process

~— The CLEAN Collection
b is now aligned with
NGSS!

CLEAN STEM Flashes: E
View and sign up for this E
topical newsletter »

- http://cleanet.org
5& https://www.climate.gov/teaching




CLEAN Collection

« 700+ online, free resources

* Activities, videos, visualizations

* Classroom ready

e Community & Expert scientist reviewed, Curated
* Aligned with NGSS, Literacy Frameworks

e Grades 6-16

* Pointer collection — resources developed by others




greenhouse effect middle school activity ,'/ Q

Google

All Images Videos News Shopping More Settings Tools

About 1,510,000 results (0.60 seconds)

Greenhouse Effect Teaching Box | UCAR Center for Science Education
https://scied.ucar.edu/teaching-box/greenhouse-effect v

Click the "Remove CO," button a bunch of times to remove most or all of the carbon dioxide from the
atmosphere. Observe the effect on temperature. Use the "Follow energy packet" and "Follow CO2"
buttons to focus in on individual photons and gas molecules to better understand their behaviors.

Greenhouse Effect Lab - SERC-Carleton - Carleton College
https://serc.carleton.edu/teachearth/activities/50193.html ¥

In this lab, students measure temperature changes inside soda bottles (one with CO2 added, the other
with only air inside) as incandescent light is shined on them to model the Greenhouse Effect.

3. Greenhouse Gases and Energy Balance | Climate Change ...
https:/pangea.stanford.edu/programs/.../3-greenhouse-gases-and-energy-balance v

High School Version 2011. Students will be able to identify greenhouse gases and their sources and
apply the properties of these gases and radiative forcing to model Earth's energy budget. Lesson Guide.
3.1.2Quiz LP1 & LP2 3.1.3 Greenhouse Gases Slides 3.1.4 Student Notes Handout (for use during slides
and ...

P> | ab: Greenhouse Gas Simulation
https://www.acs.org/content/dam/AACT/middle-school/gases/.../lab-greenhousegas.pd... ¥
an increased presence of carbon dioxide gas in order to analyze how this effects temperature. They will
also complete research in order to learn more about the makeup of the Earth's atmosphere. Grade Level.
Middle or High School. Objectives. By the end of this lab, students should be able to. * Identify the types
and ...

PFl Modeling the Greenhouse Effect
https://www.esrl.noaa.gov/.../lesson.../Modeling%20the%20Greenhouse%20Effect.pdf v
Students should begin measuring and recording the temperature in each bottle every minute for 15
minutes. —. * Students should record their measurements in the Data Table. . At the end of the
investigation, students should complete the activities in the. Collecting and Analyzing Data and the
Drawing Conclusions sections.

Observe the Greenhouse Effect in a Jar | Activity | Education.com
https://www.education.com > ... » Observe the Greenhouse Effect in a Jar v
This simple experiment serves as an introduction to the greenhouse effect.

TERACY & ENERGY

Go to dev page  Full Editor Account

Collection of Climate and Energy Educational Resources

Energy Literacy frameworks, and the Next Generation Science Standards.

The CLEAN Collection is a hand-picked and rigorously reviewed collection of educational resources aligned with the Climate Literacy and the

The review process engages scientists and educators in vetting each resource for scientific accuracy, pedagogic effectiveness and useability.

NGSS & CLEAN
at a Glance »

Explore the Collection
Greenhouse effect search

Help

Current S

Greenhouse effect| (RTINS Activity| ERECCEIET] Middle (6-8)

Results 1 - 10 of 57 matches

Automotive Emissi e Greenhouse Effect
01

uploads S/04/A...
udents will compare the amount of carbon dioxide in four different

sources of gas and determine the carbon dioxide contribution from automobiles. They test ...

Reviewed Collection
——————— Heating it Up: The Chemistry of the Greenhouse Effect
=== ittp: //www.explainingclimatechange.ca/Climate ange/L..
This lesson explores the chemistry of some of the greenhouse gases that affect Earth's climate. Third in a
e — |

series of 9 lessons from an online module entitled 'Visualizing and Understanding ... Reviewed Collection

Investigating Climate Change at a Macroscopic and Microscopic Level
http://phet.colorado.edu/en/contributions /view/4038
is activity uses two interactive simulations to illustrate climate change, 1) at the micro/molecular level -

modeling the impact of increasing concentrations of greenhouse gases in the atmosphere ...

Reviewed Collection
ﬁ Why Do Some Molecules Absorb Infrared Energy?

hn%:( Www. globa\systemssc\'ence.orgistudembooks[cc[chz... )
n this short, hands-on activity, students build simple molecular models of 4 atmospheric gases (02, N2, C02,
and methane), compare their resonant frequencies, and make the connection between ...

Reviewed Collection

Air: Fuel for Thought
ttp {[wwwg 5.0rg/pov/borders/2004/educators/edu_airl.html
is Tesson plan engages students in a real-life exploration of climate change as it is affected by greenhouse
~ emissions from vehicles. The aim of this activity is for students to realize the impact ... Reviewed Collection

The Findings From Mauna Loa

ittp: //www.globalsystemsscience.org/studentbooks/cc/ch6/...
This activity involves plotting and com
as recorded in Mauna Loa a 0

Refine the Results!
Resource Type

Activity

57 matches

Middle (6-8)
56 matches General/Other
Middle - 7 1 match

Middle - 8 1 match

NGSS Performance Expectations
Middle School 33 matches
High School 30 matches

Middle School 50 matches
High School 42 matches

Middle School 54 matches
High School 42 matches

NGSS Science and Engineering Practices
Middle School 56 matches
High School 43 matches

Islands, Oceans (Global) 3 matches
No Regional Focus 28 matches
North America 6 matches

Polar Regions 2 matches

Students Use Scientific Dataset 15
matches

Climate and Energy Topics (add this
category)

&

cleanet.org
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Animation About the Greenhouse Effect

http://www.damocles-eu.org/education/Animation_about_the greenhouse effect 182.shtml
DAMOCLES

—————— This is a basic animation/simulation with background information about the greenhouse effect by
DAMOCLES. The animation has several layers to it that allow users to drill into more detail about
the natural greenhouse effect and different aspects of it, including volcanic aerosols and human
impacts from burning fossil fuels.

earn more about Teaching Climate Literacy and Energy Awarenes:

eration Science .

NI GENARTON Y w th \niry n supports the Next Ge -
(éC'ENCE Middle School: 1 Disciplinary Core Idea, 2 Cross Cutting Concepts
High School: 2 Disciplinary Core Ideas, 1 Cross Cutting Concept

The CLEAN collection Is hand-picked and rigorously reviewed for

lopics
sclentific accuracy and classroom effectiveness. Read what our review team had to say about this resource below or '

Jearn more about how CLEAN reviews teaching materials Greenhouse Effect
Teaching Tips | Science | Pedagogy | Technical Details $84 ore on this topic.
Carbon Cycle
Teaching Tips See more on this topic.
+» Educators will need to scaffold this animation to ensure that the information presented is well Grade Leve
understood by learners. Middle (6-8)
See more at this grade level.

« When teaching about the greenhouse effect, using the term “heat,” as this animation does, may confuse
NP SI0UE T8 Greeniou using Y com High School (9-12)

students, especially if they think of heat as a verb. The more accurate technical term “outgoing long See more at this grade level.
wave IR radiation* may prove more difficult to convey, but ultimately is a clearer depiction of Earth's College Lower (13-14)
energy balance. See more at this grade level,
Informal
See more at this grade level.

About the Science

« The animation is an accurate general overview of Earth's energy balance, but educators should

recognize some of the sun/Earth dynamics have been oversimplified. C te Lit
limate eracy
« For example, the atmosphere does filter out some short wave energy from the sun, such as extreme o -

ultraviolet and X-rays. » 2C (see details)

About Teaching Principle 2
Other materials addressing 2¢c

» 2d (see details)
and IR. About Teaching Principle 2

* In general, the animation provides a good overview of the incoming shortwave radiation from the sun,
and Earth radiating long wave Infrared Radiation (IR) once it has been warmed by the short wave visible
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CLEAN iterative
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Resources
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Refine the Results!

Resource Type

Search the Collection I —

Teaching Guidance 10 matches
Video 49 matches
Visualization 67 matches

Intermediate (3-5) 6 matches
o R T Middle (6-8) 151 matches

e S O U rC e y e High School (9-12) 197 matches
College Lower (13-14) 130 matches
College Upper (15-16) 56 matches
Graduate/Professional 10 matches

Informal 30 matches
General Public 1 match

¢ G ra d e Leve | NGSS Performance Expectations

Middle School 37 matches
High School 78 matches

Middle School 146 matches

* Next Generation Science e
Standards (NGS5) “Middle School 114 matches

High School 157 matches

NGSS Science and Engineering Practices

Middle School 89 matches
High School 130 matches

» Regional Focus / Dataset U
egional Focus [/ Dataset Use sional roc

Asia 1 match

Europe 1 match

Islands, Oceans (Global) 10 matches

No Regional Focus 93 matches

North America 27 matches

* Climate & Energy Topics / rolr Regions Lmaches
Principles, etc.

Students Use Scientific Dataset 53 matches

limate and Energy Topics (add this
cateqo
Energy Literacy Principles (add this categor

Environmental Education Guidelines (add
this category)

Climate Systems and Solutions (add this

category)




CLEAN Portal

Collection of Climate and Energy Educational Resources

A collection of ~700 free, ready-to-use resources rigorously reviewed by educators and scientists.

Suitable for secondary through higher education classrooms.

Guidance for Teaching
Climate and Energy

CLEAN

Collection of Educational
Resources

Guidance in Teaching Climate
and Energy

CLEAN Network
About CLEAN

.} Guidance in/ Treaching Climate and/Energy: Sciencel
) Background information, pedagogic appro <s o relev: lucational resot

| g

News £ »  CLEAN Network

S Register for one or S = A community of professionals committed to improving climate and energy literacy.
more webinars in the - S
CLEAN Webinar Series!

- Teachers, check out
the create-your-own
CLEAN-NGSS unit resources!

I CLEAN was awarded
M the 2017 Friend of the
Planet award by the
NCSE!

About the CLEAN Project CLEAN Review Process

~— The CLEAN Collection
i is now aligned with
NGSS!

CLEAN STEM Flashes: :
View and sign up for this a
topical newsletter »

http://cleanet.org
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Guidance in Teaching Climate and Energy

Climate and energy are complex topics, with rapidly developing science and technology and the potential for
controversy.

See the following pages for:

- asummary of each of the climate and energy science principles and concepts
« possible challenges for educators

« suggested pedagogic approaches to teaching these topics, for each grade level

« relevant teaching materials from the CLEAN reviewed collection




CLEAN Portal

CLEAN Network

Collection of: Climate and Energy Educational Resources

A collection of ~700 free, ready-to-use resources rigorously reviewed by educators and scientists.

Suitable for secondary through higher education classrooms.

Search the Collection » Browse by NGSS »

\

CLEAN

Collection of Educational
Resources

Guidance in Teaching Climate
and Energy

CLEAN Network

Guidance in/ Treaching| Climate and Energy Science
B: \',,", information, agogi roache:! ", levant lor r

News = - n | CLEAN Network
u Register for one or A community of professionals committed to improving climate and energy literacy.
more webinars in the N
CLEAN Webinar Series!

-~ Teachers, check out
the create-your-own
CLEAN-NGSS unit resources!

lcmu was awarded About the CLEAN Project CLEAN Review Process

the 2017 Friend of the
Planet award by the
NCSE!

~— The CLEAN Collection
b is now aligned with
NGSS!

CLEAN STEM Flashes: E
View and sign up for this E
topical newsletter »

http://cleanet.org
https://www.climate.gov/teaching
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The CLEAN Network is a professionally diverse community of over 570 members committed to improving
climate and energy literacy locally, regionally, nationally, and globally, to enable responsible decisions

and actions. The CLEAN Network has been a dynamic group since 2008 and is now led by the
established in 2016.

Tuesdays at 1pm Eastern time CLEAN Network members meet in a teleconference to collaborate and
share information about their literacy work, upcoming events, opportunities for collaboration or funding.
Frequently guest speakers present on the topic of climate and energy literacy.

Educators
Search or browse the Collection of Climate and Energy Educational Resources and learn more about

teaching climate and energy science.

Resource Developers
See the multiple ways in which developers can participate in strengthening the collection of

educational resources.

, Partners
| Learn about the variety of organizations that partner with CLEAN.

cleanet.org
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Collection of Climate and Energy Educational N 2"

A collection of 650+ free, ready-to-use resources rigorously reviewed by educators
and scientists.

Resources T g
1

Suitable for secondary through higher education classrooms.

Search the Collection » Browse by NGSS »

CLEAN

Collection of Educational
Resources

Guidance in Teaching Climate
and Energy

CLEAN Network
About CLEAN

News X Tes f:\,_.. " © CLEAN Network

S Register for one or "4} A community of professionals committed to improving climate and energy literacy.
more webinars in the . S 2T
CLEAN Webinar Series! ; . \

- Teachers, check out
the create-your-own

CLPANEHESS unresoureest About the CLEAN Project CLEAN Review Process
. CLEAN was awarded
the 2017 Friend of the

Planet award by the

~ The CLEAN Collection
is now aligned with
NGSS!

CLEAN STEM Flashes:
View and sign up for this
topical newsletter »




Three Ways to Search CLE

NGSS and CLEAN At-a-

Glance Tables
. Search by specific standards
related to climate & energy
. Browse by NGSS
. Allows you to consider where
in the NGSS are climate &
energy addressed and then
search the collection using
this knowledge
. Search the entire Collection

Use larger search feature and
NGSS tags to narrow search

Allows one to search NGSS
related to specific topic

AN for NGSS

NGSS browse
NGSS Middie School Climate
Systems.
NGSS Middie School Climate
Soluions

NGSS High School Climate
Syitems.

NGSS High School Clmate
Soluions

CLEAN
Climate and Energy
Educational Resources

NGSS Browse

NGSS Middle School
Climate Systems.
NGSS Middle School
Climate Solutions
NGSS High School
Climate Systems.
NGSS High School
Climate Solutions
NGSS at a Glance

Teaching Climate and
Energy Science
CLEAN Network
About CLEAN

NGSS and CLEAN at a Glance

Clicking the blue text Ideas (DC) that address
climate and energy topics. The tables include links to relevant CLEAN resources, Hovering on the green DCI concept bullet willdisplay the

fulltext.

Middle School

' Show Middle School - Life Science In CLEAN
»Show Middle School - PhysicalScience In CLEAN

»Show Middle School - Earth and Space Sclence In CLEAN

»Show Middle School - Engineering, Technology, and Applications of Science in CLEAN

High School

Life Sclence in CLEAN
Physical Science in CLEAN
Earth and Space Science In CLEAN

»Show High School
»Show High School
»Show High School

vHide

erformance Expectation (°B | Discpiary Core dea (0C)

HSETS!.A: Criteia and constaints
(see CLEAN Resources)

Hs-ETSLA
Engineering Design Oeining and Delimiting Engineering Probiems.

(see CLEAN Resources)

(see CLEAN Resources)

WS ETS1.8: When evaluating solutons...
Hs-eTsLe (see CLEAN Resources)
Developing Possite Solutions

(see CLEAN Resources)

asica
(see CLEAN Resources)

H-ETSLC: fa may need to be-.
Optimizing the Design Slution
(see CLEAN Resources)

Note: thatare

Search the CLEAN Collection

(51 Search the CLEAN collection by NGSS topics

D

oot
Teschingcimateand nero.

ind how o e th CLEAN
cllection.

Collection of Climate and Energy Educational Resources

‘The CLEAN Collection is a hand-picked and rigorously reviewed collection of educational resources aligned with the
Climate Literacy and the Energy Literacy frameworks, and the Next Generation Science Standards.

NEXT GENERATION

iz

NGSS & CLEAN
at a Glance »

‘The review process engages scientists and educators in vetting each resource for scientific accuracy, pedagogic effectiveness and

useability.

Explore the Collection

Refine the Results !

search

Aty 14 s

Results 1 - 10 of 42 matches

Teaching Guidance 2 matches
Video 16 matches
Visualization 8 matches

Ocean Acidification
Middle (6-8) 30 matches

Short Demonstration/Experiment 2 matches,

‘This simulation allows students to explore the change in sea surface pH levels with

increasing COZ levels.

What Is Ocean Acidification?
This static image from NOAA's Pacific Marine Environmental Laboratory Carbon
Program offers a visually compelling and scientifically sound image of the sea,
carbonate chemistry process that

Graphing Ocean Acidification

This applet is an ocean acidification grapher that allows user to plot chant
atmospheric C02 against ocean pH, from 1988 to 2009, in the central Nor

Changing Planet: Ocean Acidification

High School (9-12) 38 matches
College Lower (13-14) 18 matches
College Upper (15-16) 7 matches,
Graduate/Professional 1 match

—
S5 Performance Expectations
Middle School 6 matches

High School 10 matches

Middle School 28 matches
High School 36 matches

Middle School 14 matches
High School 21 matches

1S5 Scence and éngineering Pr--




CLEAN & NGSS-3D Instruction

NGSS and 3 dimensional instruction might seem a bit
daunting

Teaching climate science and energy solutions might
be a bit challenging

CLEAN makes teaching NGSS & 3 dimensional style
climate and energy science and engineering easier

We have webinars on how to develop your own 3-
dimensional learning units with CLEAN resources

cleanet.org .' .



CLEAN Get Started Guide Homepage

Create Your Own CLEAN-NGSS Unit Overview

How to Get Started . Phenology Unit History of Oceans and Atmosphere Unit Debating the Grid Unit

T Using CLEAN to Build NGSS Units

1. Get Started guide, —
resources, and video to - Cs W

create climate & energy
units

2. Three ready-to-use
unit exemplars



https://youtu.be/rc8dB87Vy_E

Unit Exemplars

Classroom-ready units are available to download and use:

Explore Examples of CLEAN-NGSS Units

5 History of Oceans and Atmosphere 7
Phenology Unit Unit Debating the Grid Unit




CLEAN STEM Flash
Wildfires and Climate Change

|
I First in a series of timely climate & enerqy e-blasts to use and share.
Sign-up here to be sure you're on the list.
- Browse the CLEAN Collection for NGSS-aligned resources.

e Use CLEAN resources & teaching
guidance s

Watch this video for a quick overview about the causes and effects of wildfires.
Audience: Middle and high school classes

e Sign up for CLEAN STEM Flash e
 Watch the CLEAN webinars

e Submit a resource to CLEAN
e Join CLEAN Network

cleanet.org

This video from Climate
Central looks at the way
climate conditions can
affect vegetation in the
West and what influence
this has on wildfires.

Arctic Change

Hurricanes et Drought and .Crops ) ,  Sea Change for Arctice Ice and Pol:
Howling Hurricanes! v ' Crop Challenges in a Changii (¥ "\ arctic ice and ecosystems.
A } .;’
Wildfires Stronger Storms
Wildfires and the C Climate Change and Stronger CLEAN STEM Flashes:
storms. View and sign up for this

topical newsletter »

cleanetorg (e lesCdeA
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katie.boyd@ co orado.edu
(CLEAN Program IVIan 0

CLEAN Website: cleanet.org

cleanet.org
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