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Who Am I to Be Sharing Ideas with You?

• 44-year Earth Science teacher in Middle School, High School, College, and 

Informal Science + 4 years as Science Ed Consultant/PD Provider 

• BA (Geology); MAT and EdD (Science Education); MEd (C & T) from Columbia 

University

• Founder/organizer of the Earth2Class professional development program at the 

Lamont-Doherty Earth Observatory of Columbia University

• President of NESTA, NAGT-Eastern Section, and STANYS

• Session presenter at local, state, regional, and international conferences

• HMH Science Dimensions Earth & Space Science Consulting Author
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So You Are Teaching Earth Science Now—

What Do You Need to Know to Be Prepared?

• This question really requires a semester-long course, so today’s session will only 

present ‘highlights’ and selected examples

• It’s based on my experiences and teaching materials, combined with resources 

created for the HMH Science Dimensions Earth & Space Science program, print 

and online

• Many resources shared here are available in more extensive form: 

https://earth2class.org/site/?p=14856
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https://earth2class.org/site/?p=14856


What Will We Explore Today?

• Brief background about the NGSS and other Standards

• General Content Topics and Key Ideas in MS/HS ES courses

• Lab Activities and suggested classroom equipment needs

• Selected Web-based resources and other ideas

• Incorporating Field Experiences

and…
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What Will We Explore Today? cont‘d.

• Lab Reports, Essays, Slideshows, and other Communications

• Helping Students—Spatial Thinking and Differentiated Instruction

• What HMH Science Dimensions Can Offer

• Your Questions/Comments
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Why Is It Important for Students to Learn Earth Science?

• Open discussion of the questions your group discussed as you entered

• Did you include something like:

– How to respond to weather forecasts, especially warnings?

– How to create effective emergency plans for other natural hazards such as 

tsunamis?

– What to do to assure sustainable water and material supplies?

– Where can you go to enjoy the beauties of Nature?

• Earth Science can be optimal for Phenomenon-Based Learning
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What’s Our Target?

• We want to help create a 100% scientifically-literate citizenry

• We want competent research and applied scientists, engineers, first responders, 

etc. (maybe 5 % of the population, 1 out of 20 students?)

• We want qualified/science-based decision-makers (maybe 1%, 1 out of 100?)

As teachers, we never know what impact we will have on our students. But there 

is no doubt that what we help them learn will stay with them their entire lives. 

So we try to meet the challenges as well as we can.
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Brief background about ES Education

• The Science Literacy Documents 

(https://earth2class.org/site/?page_id=4725)

• Atmospheric Science Literacy

• Climate Literacy

• Earth Science Literacy

• Energy Literacy

• Ocean Literacy
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https://earth2class.org/site/?page_id=4725
https://scied.ucar.edu/atmospheric-science-literacy-framework
https://www.globalchange.gov/browse/reports/climate-literacy-essential-principles-climate-science-high-resolution-booklet
http://www.earthscienceliteracy.org/
https://energy.gov/eere/education/energy-literacy-essential-principles-and-fundamental-concepts-energy-education
http://oceanliteracy.wp2.coexploration.org/


The “Big Ideas” in Earth Science

• http://www.earthsciweek.org/big-ideas

• Big Idea 1: Earth scientists use repeatable observations and testable ideas 

to understand and explain our planet.

• Big Idea 2: Earth is 4.6 billion years old.

• Big Idea 3: Earth is a complex system of interacting rock, water, air, and life.

• Big Idea 4: Earth is continuously changing.

• Big Idea 5: Earth is the water planet.

• Big Idea 6: Life evolves on a dynamic Earth and continuously modifies 

Earth.

• Big Idea 7: Humans depend on Earth for resources.

• Big Idea 8: Natural hazards pose risks to humans.

• Big Idea 9: Humans significantly alter the Earth.
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http://www.earthsciweek.org/big-ideas
http://www.earthsciweek.org/content/big-idea-1
http://www.earthsciweek.org/content/big-idea-2
http://www.earthsciweek.org/big-ideas-activities/big-idea-3
http://www.earthsciweek.org/big-ideas-activities/big-idea-4
http://www.earthsciweek.org/big-ideas-activities/big-idea-5
http://www.earthsciweek.org/big-ideas-activities/big-idea-6
http://www.earthsciweek.org/big-ideas-activities/big-idea-7
http://www.earthsciweek.org/big-ideas-activities/big-idea-8
http://www.earthsciweek.org/big-ideas-activities/big-idea-9


State and National Science Standards

• Created/revised in response to “National Science Education Standards”

(National Academies of Sciences, Engineering, Medicine, 1996)

– Inspired by AAAS Project 2061 (1986)

• Individual State initiatives – tremendous variability

AGI Indicators of Geoscience Education

• New York State “Physical Setting/Earth Science” (Regents Earth Science)

Core Curriculum Guide

Earth Science Reference Tables (ESRT)

Regents ES Exams

Other levels – Intermediate and Elementary

– Influenced by the Earth Science Curriculum Project (ESCP)

10

https://www.nap.edu/catalog/4962/national-science-education-standards
https://www.aaas.org/program/project2061
https://www.americangeosciences.org/education/indicators-k-12-geoscience-education
http://www.p12.nysed.gov/ciai/mst/pub/earthsci.pdf
http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/esrt2011-engr.pdf
http://www.nysedregents.org/EarthScience/
https://earth2class.org/site/?page_id=6298


A Framework for K – 12 Science Education

Patterns, Crosscutting Concepts, and Core Ideas (2012)

• National Research Council of the National Academies

11

https://www.nap.edu/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts


A Framework for K – 12 Science Education

Patterns, Crosscutting Concepts, and Core Ideas

• Represents first step in a process to create new standards in K-12 science 

education

• Capitalized on a major opportunity that exists at this moment—a large number of 

states are adopting common standards in mathematics and English/Language 

Arts

• Poised to consider adoption of common standards in K-12 science education

• Impetus grew from recognition that existing national documents developed in 

1990s were an important step, but much room for improvement
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Next Generation Science Standards

https://www.nextgenscience.org/ (2013)

• Collaborative, state-led process

• Incorporate advances in science education research so as to enable students to 

learn science by doing science.

• Rich in both content and practice

• Arranged in coherent manner across disciplines and grades to provide all 

students an internationally benchmarked science education
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https://www.nextgenscience.org/


The “3-Dimensions of Science Learning”

• Practices-- “what students do”

• Core Ideas – “what students know”

• Crosscutting– “how students think”
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Performance Expectations

• What students should know and be 

able to do

• Parsed by grade bands and grades

• Progressions for Science and 

Engineering Practices (SEPs); 

Disciplinary Core Ideas (DCIs); and 

Crosscutting Concepts (CCCs)
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MS-

ESS2

-1.

Develop a model to describe the 

cycling of Earth's materials and the 

flow of energy that drives this 

process. [Clarification Statement: 

Emphasis is on the processes of 

melting, crystallization, weathering, 

deformation, and sedimentation, which 

act together to form minerals and rocks 

through the cycling of Earth’s 

materials.] [Assessment Boundary: 

Assessment does not include the 

identification and naming of minerals.]



Other Expectations

• English Language Arts & Math

“Common Core” influence on mandated testing

• Social Studies and other subjects

integration with Earth Science, especially physical geography

• Arts – expanding STEM to STEAM

• NGSS Adopted by more than 15 States + DC/Adapted by many others
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Alignment 

with NGSS

Teacher

Edition



What Should You Be Teaching? 

• Probably your first question is, “What should I be teaching?”

• The next is, “How should I teach it?”

• There is no ‘one size fits all’ or any ‘usual’ curriculum. You will need to create 

your own, and re-create it each year.

• But here are some thoughts and resources to help you.
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Most Earth Science courses include, in some order: 

• Introduction and general skills (ex, observation and measurement)

• Earth’s Geography (globes and maps)

• Materials of the Earth (minerals, rocks, resources)

• Earth’s dynamic interior and exterior processes

(including Plate Tectonics, weathering, erosion, deposition, water resources)

• Weather and climate

• Earth’s place in Space (Astronomy)

• Earth’s History

• Humans and Earth – Sustainability

• Optional areas (ex., oceanography, local environmental issues)
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One Source for ‘Plain Language Key Ideas’

https://earth2class.org/site/?p=14924

• Observation and Measurement

• Models of the Earth

• Energy and the Environment

• Minerals, Rocks, and Resources

• Earthquakes, Volcanoes, and Plate Tectonics

• Weather and Climate

• Astronomy (Earth in the Solar System–Space)

• History of Earth
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https://earth2class.org/site/?p=14924
https://earth2class.org/site/wp-content/uploads/2018/02/Observation-and-Measurement-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/Models-of-the-Earth-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/Energy-and-the-Environment-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/Minerals-Rocks-and-Resources-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/Earthquakes-Volcanoes-and-Plate-Tectonics-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/Weather_Climate.pdf.docx
https://earth2class.org/site/wp-content/uploads/2018/02/Astronomy-Earth-in-the-Solar-System-Space-1.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/History-of-Earth-1.pdf
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What Does HMH Science Dimensions E & SS Include?

1)  Introduction to Earth and Space

2)  Systems of Matter and Energy

3)  Natural Resources

4)  Earth in the Solar System

5)  Space

6)   Plate Tectonics

7)   Earth’s Changing Surface

8)   Earth’s Water

9)   The Atmosphere

10) Exploring Earth’s History

11) Human Activity and Earth
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5 E’s: Engage, Explore, Explain, Elaborate, Evaluate

Aligned with NGSS

Utilizes ‘Best Practices’





Units open with 

a “Can You 

Explain It?” 

question to 

draw students 

into the theme

(“Engage”)

Can You 

Explain It? 

(Engage)



Alignment 

with NGSS

Teacher

Wrap-

Discussion

Teacher

Edition



2-4 Explorations

Per Lesson

• Key ideas

• Discussion of historical 

changes

• Interpreting data in

various forms

• Sidebars linking to other 

challenges



Alignment 

with NGSS

Teacher

Wrap-

Discussion

Differentiated 

Instruction

Teacher

Edition



Lesson Self-Check

(Evaluate)

• Challenges based

on lesson content

• Involves higher-order 

thinking and open-ended

responses



Lesson Self-Check

(Evaluate)

• Challenges based

on lesson content

• Involves higher-order 

thinking and open-ended

responses

• Variety of questions

– Identify right/wrong

– Compare

– Word fill-in

– Other formats



Continue Your

Exploration

(Elaborate)

• Includes collaborative 

investigations

• Not just “What?”

• Also, “How do we know?”



Student eBook includes

Audio, Review, Notes, 

and other options

eBook includes:

Audio, 

Notes/Bookmarking, 

Easy Navigation



Thing

Explainer



You must be able to teach all topics competently

• Did your college and additional training include geology, meteorology, astronomy, 

environmental science, and other essential areas?

• If not, what do you need to do to strengthen your knowledge and ‘bag of tricks’?

• Even if you feel comfortable now, how will you continue to learn about new 

advances in understanding our Planet?

• Earth Science demands never-ending professional development

– ‘Of course it’s hard—if it weren’t everyone could do it’

– But that’s what makes it fun!
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Remember…

• Nobody, when they begin teaching, really knows everything that needs to be 

taught, not how to teach it efficiently

• Even many years later, there are always new things to learn

• It’s essential, therefore, to be willing and wanting to keep learning

Read/watch/do/ask/repeat
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Lab activities and suggested “hands-on” equipment

• Safety

• General Uses/Needs

• What’s necessary for essential ES activities

• What’s optional/desirable

• What’s special/ “fun to have”

• No “standard set of labs”

• Examples available at: 

– https://earth2class.org/site/?page_id=14905
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https://earth2class.org/site/?page_id=14905


Suggested Lab

Equipment



Using Models: Bring “The Earth” into Your Classroom
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Hands-On Labs

Don’t be afraid to

modify activities 

for your students



Using Web-based and Online Resources

• Integrating web-based resources to support ES learning

• Designing/enhancing lesson plans

• Support your PD

• Selected examples available at:

– https://earth2class.org/site/?page_id=14859

• Earth2Class resources

• Selected Professional Societies and organizations

• Selected Federal agencies supporting education

• Implementing the NGSS
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https://earth2class.org/site/?page_id=14859


Web Resources



Web Resources



Web Resources



Print books and magazines can also be useful
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Using Videos, Animations, and Webinars

• Today’s students learn more efficiently through visualizations

• Videos can be helpful, but you must:

– Prescreen to be certain of quality and alignment to course goals

– Utilize efficiently within limited class time

– Be able to handle technical glitches and avoid other problems

• You also can benefit from viewing webinars and online resources

47



Incorporating Videos into Your Lessons

• Many available through YouTube and other sources

– Quality varies – you must prescreen

• Teachers have created/collated excellent resources

– One example: Tom Gazda (Ichabod Crane HS, Valatie, NY)

– https://www.gazdonianproductions.com/rocks--minerals.html

• Student-produced videos and animations

Graphic novels
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https://www.gazdonianproductions.com/rocks--minerals.html


Using Visualizations

• Radar and satellites – ‘real-time weather’

– AMS “Real-Time Weather Portal”

– http://www.ametsoc.org/amsedu/dstreme/
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http://www.ametsoc.org/amsedu/dstreme/


Videos
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Videos
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You Solve It

Simulations



You Solve It

Simulations
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Discussion Break 1:  

Examples of Curriculum and Activities

“Making Daily Weather and Sun/Moon Observations”

https://earth2class.org/site/wp-content/uploads/2016/10/Wx_climate_data.pdf

“Using Weather Maps and Other Representations of the Atmosphere”

https://earth2class.org/site/wp-content/uploads/2016/09/Weather-Maps.pdf

“Density of Minerals and Rocks”
https://earth2class.org/site/wp-content/uploads/2015/06/Density-of-minerals-and-

rocks.pdf

“Modeling a Scale Model of the Solar System”
https://earth2class.org/site/wp-content/uploads/2018/02/scale-model-solar-

system.docx.pdf
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https://earth2class.org/site/wp-content/uploads/2016/10/Wx_climate_data.pdf
https://earth2class.org/site/wp-content/uploads/2016/09/Weather-Maps.pdf
https://earth2class.org/site/wp-content/uploads/2015/06/Density-of-minerals-and-rocks.pdf
https://earth2class.org/site/wp-content/uploads/2018/02/scale-model-solar-system.docx.pdf


Field Experiences

• “The Real Classroom Is Outside—Get into It!”

• Opportunities vary widely depending on your location, resources, and school 

policies

• At its simplest: Do a Campus Walking Tour

– What materials were used to create buildings, sidewalks, etc.?

– How are these related to what you study in ES?

– Will you enhance student connection with ES when you “bring it into their 

home”? 
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Experiences that Require More Planning & Resources 

Museums and Nature Centers

Fields trips, 

outcrops, landscapes                                                               

Caverns, quarries, mines
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http://www.rci.rutgers.edu/~schlisch/structureslides/VFT1.html









Incorporating

Field Experiences



Helping Students Learn—

Spatial Thinking and Differentiated Instruction
• Each student brings a unique collection of experiences and knowledge

• Each student learns in a unique style

• So what must you be aware of to help each student learn?

• Focus here:

– Spatial Thinking

– Differentiate Instruction
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Spatial

Thinking





Spatial Thinking

• Making sense of images – 2D & 3D

• Very important in the geosciences

• Abilities vary widely among students and teachers

• Not well recognized nor incorporated into instruction

• Can improve with scaffolding and practice

• Frequently tested (especially in NYS Regents Exams)

• Supported by the Earth Science Reference Tables
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New York Earth Science Reference Tables

65 16 page booklet



Representational Correspondence
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Interpreting Block Diagrams – Sequencing
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68
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Differentiated Instruction

• “…framework or philosophy for effective teaching that involves providing 

different students with different avenues to learning (often in the same classroom) 

in terms of: acquiring content; processing, constructing, or making sense 

of ideas; and developing teaching materials and assessment measures so that all 

students within a classroom can learn effectively, regardless of differences in 

ability…” – ASCD

• Both desired and required  -- IEPs

– Work with teacher aids, guidance counselors, other specialists

– Vitally important to try constantly and consistently to help all students to learn
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Expanding Inclusion

• Providing opportunities to learn for all students

– Visually- and hearing-impaired

– Mobility challenged

– Other disabilities

• International Association for Geoscience Diversity

– https://theiagd.org/
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https://theiagd.org/


Learn to Combine ‘Ideals’ with What You Assess

• “Backward design”

– Based on what you want your students to know and do

– Create lessons that foster mastering on content knowledge and skills

• “I hear and I forget. I see and I remember. I do and I understand.”

– Whenever possible, have students engage in ‘active learning’

– Integrate engineering, technology, art, kinesthetics, etc.

• Constantly “formative”

– External emphasis on “Cumulative”
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Networking—Key to Your Continuing PD Learning

• Conferences are good, but infrequent

• Sign up for the ES teachers list-serv

– http://external.oneonta.edu/mentor/listserv.html

• Participate in webinars – NSTA, HMH, NAGT, NASA, others

• Become a member of professional organizations

– NESTA

– Your State Science Association/State ESTA

– Your NAGT Section

– NSTA     
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Take-Aways

1. Know your subject matter

– Strive to master your curriculum, and then go far beyond it

2. Know what will be assessed and how to help your students prepare

– Don’t ‘teach to the test,’ but help them get ready

3. Incorporate hands-on and field experiences, web-based resources

– Make ES ‘real’ and ‘fun’

4. Keep learning through networking, reading, webinars, getting out

– Remember what excited you in the first place

5. Find reliable and supported print/online resources

– What can HMH and other sources do for you?
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Final Questions and Comments?

Thank you for participating!

• More information available at:

– https://earth2class.org/site/?p=14856

• Earth2Class  Michael J Passow Resources  Courses

• Contact me:  michael@earth2class.org
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