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Coauthor of >35 K-12 Science Textbook Volumes
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In Discussion: 8% of Students
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1) Central role of science and 
engineering practices

Next Generation Science Standards: 



1.  Asking questions (for science) and defining problems  
(for engineering)

2.  Developing and using models
3.  Planning and carrying out investigations
4.  Analyzing and interpreting data
5.  Using mathematics and computational thinking
6.  Constructing explanations (for science) and 

designing solutions (for engineering)
7.  Engaging in argument from evidence
8.  Obtaining, evaluating, and communicating 

information

Dimension #1: The Practices of Science 
and Engineering (SEPs)



1) Central role of science and 
engineering practices

2) Organized around important and 
relevant scientific core ideas

Next Generation Science Standards: 



Dimension #2: The Disciplinary Core Ideas


		Physical Science

		Life Science

		Earth and Space Science



		PS1  Matter and Its Interactions

PS1A Structure and Properties of matter

PS1B Chemical Reactions

PS1C Nuclear Processes

PS2 Motion and Stability: Forces and Interactions

PS2A Forces and Motion

PS2B Types of Interactions

PS2C Stability and Instability in Physical Systems

PS3 Energy

PS3A Definitions of Energy

PS3B Conservation of Energy and Energy Transfer

PS3C Relationship Between Energy and Forces

PS3D Energy and Chemical Processes in Everyday Life

PS4 Waves and Their Applications in Technologies for Information Transfer

PS4A Wave Properties

PS4B Electromagnetic Radiation

PS4C Information Technologies and Instrumentation

		LS1 From Molecules to Organisms: Structures and Processes

LS1A Structure and Function

LS1B Growth and Development of Organisms

LS1C Organization for Matter and Energy Flow in Organisms

LS1D Information Processing

LS2 Ecosystems: Interactions, Energy, and Dynamics

LS2A Interdependent Relationships in Ecosystems

LS2B Cycles of Matter and Energy Transfer in Ecosystems

LS2C Ecosystem Dynamics, Functioning, and Resilience

LS2D Social Interactions and Group Behavior

LS3 Heredity: Inheritance and Variation of Traits

LS3A Inheritance of Traits

LS3B Variation of Traits

LS4 Biological Evolution: Unity and Diversity

LS4A Evidence of Common Ancestry

LS4B Natural Selection

LS4C Adaptation

LS4D Biodiversity and Humans

		ESS1 Earth’s Place in the Universe

ESS1A The Universe and Its Stars

ESS1B Earth and the Solar System

ESS1C The History of Planet Earth

ESS2 Earth’s Systems

ESS2A Earth Materials and Systems

ESS2B Plate Tectonics and Large-Scale System Interactions

ESS2C The Roles of Water in Earth’s Surface Processes

ESS2D Weather and Climate

ESS2E Biogeology

ESS3 Earth and Human Activity

ESS3A Natural Resources

ESS3B Natural Hazards

ESS3C Human Impacts on Earth Systems

ESS3D Global Climate Change









NGSS: Required Science

Elementary School: Life/Earth/Physical Integrated

Middle School: Grades 6-8
1 year of Life Science
1 year of Physical Science (Chemistry & Physics)
1 year of Earth and Space Science

High School: Grades 9-12
1 year of Life Science
1 year of Physical Science (Chemistry & Physics)
1 year of Earth and Space Science



1) Central role of science and 
engineering practices

2) Organized around important and 
relevant scientific core ideas      
as well as the themes of 
crosscutting concepts

Next Generation Science Standards: 



1. Patterns 

2. Cause and effect
3. Scale, proportion, and quantity

4. Systems and system models
5. Energy and matter

6. Structure and function
7. Stability and change

Dimension #3: The Crosscutting Concepts



1) Central role of science and 
engineering practices

2) Organized around important and 
relevant scientific core ideas      
as well as the themes of 
crosscutting concepts

3) Learned through storylines of 
engaging phenomena

Next Generation Science Standards: 



NGSS:  Phenomenon-Based Learning

Phenomena are defined through broad big-picture 
questions, usually of human relevance

Challenges are approached holistically, viewed from a 
variety of perspectives



NGSS:  Phenomenon-Based Learning

PEEC: “Student sense-making and solution-designing 
should be the context for student learning and a 
window into student understanding of all three 
dimensions of the standards”



NGSS:  Phenomenon-Based Learning

Essential Questions about
Phenomena are explored 

through 
STORYLINES



How do you Teach Earth and Space 
Science with the NGSS?

PRACTICES                                    BIG IDEAS X-CUTTING CONCEPTS

Performance Expectation



How do you Teach Earth and Space 
Science with the NGSS?

PRACTICES                                    BIG IDEAS X-CUTTING CONCEPTS

Clarification Statement



How do you Teach Earth and Space 
Science with the NGSS?

PRACTICES                                    BIG IDEAS X-CUTTING CONCEPTS

The Three-Dimensional
Foundation Boxes



NGSS: 
Phenomenon-

Based Learning

Explored with the 
5 E’s



Choose an Anchoring Phenomenon



Choose an Anchoring Phenomenon

VOLCANOES!



Choose an Essential Question

Why are there volcanoes in the 
Pacific Northwest?



New Question:
Where is the 
Pacific 
Northwest?
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New Question: Where is the Pacific Northwest?

New Questions: 
What is a map?
How do you use a map?
What are latitude and 
longitude?



New Question:
Where is the 
Pacific 
Northwest?



New Question: Why are there so many different 
types of maps?



New Question: Why are there so many different 
types of maps?



New Question: Why are there so many different 
kinds of map projections?



New Question:
Where is the 
Pacific 
Northwest?



New Question:
Where are the 
Pacific 
Northwest 
Volcanoes?





New Question:
What, actually, 
is a volcano?
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New Question:
What, actually, 
is a volcano?

What are other 
kinds of 
volcanoes?



Different Volcano Structures:



New Question:
What, actually, 
is a volcano?

What are other 
kinds of 
volcanoes?



New Question: Wait….rock melts?! Why 
does rock melt?
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Wait…rock 
melts?!  
Why does rock 
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New Question:
Why does magma rise? 



New Question:
Why does magma rise? 
Why does some magma 
stop before it reaches the 
surface?



New Question:
Why does magma rise? 
Why does some magma 
stop before it reaches the 
surface?
Why is the ocean plate 
sinking into the mantle?



New Question:
Why does magma rise? 
Why does some magma 
stop before it reaches the 
surface?
Why is the ocean plate 
sinking into the mantle?
What’s a “plate” or a 
“mantle?”



Locations of the Major Tectonic “Plates”

PLATE TECTONICS



PLATE TECTONICS

Plate Motion Vectors



PLATE TECTONICS

Plate Tectonics (The Basic Idea)

Mid-Ocean Ridge



PLATE TECTONICS

Plate Tectonics (The Basic Idea)

Subduction Zone



PLATE TECTONICS

Plate Tectonics (The Basic Idea)

Subduction Zone

New Question:
Why are the plates moving? 



GLOBAL TOMOGRAPHY: MANTLE FLOW

Blue  Cold  Dense  Sinking
Red  Hot  Buoyant  Rising



GLOBAL TOMOGRAPHY: MANTLE FLOW

Blue  Cold  Dense  Sinking
Red  Hot  Buoyant  Rising

New Question:
That’s pretty cool. Can we 
see the magma beneath 
the volcano? 



SEISMIC BODY WAVE TOMOGRAPHY

Mt. St. Helens Magma Chamber 



SEISMIC BODY WAVE TOMOGRAPHY

Mt. St. Helens Magma Chamber 

New Question:
Wait…are earthquakes 
associated with 
volcanoes? 



www.iris.edu



http://www.iris.edu/ieb



















New Question: What happens to Seattle 
and Tacoma when Mt. Rainier erupts? 



Mudflows from past volcanic eruptions



Mudflows from past volcanic eruptions

New Question: How likely are these 
volcanoes to erupt?
Can we predict them?
Can we prepare for them? 





NGSS:  Phenomenon-Based Learning

Essential Questions start the 
process of generating 

STORYLINES



NGSS Performance Expectations

MS-ESS3-2: Analyze and interpret data on natural hazards to 
forecast future catastrophic events and inform the 
development of technologies to mitigate their effects.
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California
Seattle
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MS-ESS3-2: Analyze and interpret data on natural hazards to 
forecast future catastrophic events and inform the 
development of technologies to mitigate their effects.

FLORIDA

California
Chicago

Oklahoma
St. Louis

St. Louis

Great Opportunity for 
Place-Based Learning!





Geologic Sites Discussed in the Geologic Wonders Video Course



Geoheritage Sites are 
wonderful for storylines for 
geoscience courses at all 
levels

Ex: Earth and the 
Environment (EPS-201), 
Washington University 



CRYSTAL - A mineral grain displaying the characteristics of its 
atomic structure.

- Over 5000 different kinds of minerals (most due to life!) [5160 
as of 9/15/16 - ~50 added each year]

- differences result from the different elements used and the 
ways they are bonded



Cave of Crystals



Cave of Crystals: Naica (Mexico)



Cave of 
Crystals:

Naica Mine



The last minerals to crystallize are quartz, sodium- and 
potassium-rich feldspars, and amphibole  granite!

(Therefore ALSO the first to melt!)



What happens if you start with molten rock and cool it?

Palisades Cliffs in New Jersey, along the Hudson River



Figure 3-14a



Volcanoes: Main Points

1) Magma forms inside Earth for several different reasons

2) These reasons are associated with the places that 
volcanoes occur

3) The viscosity of magma varies for several reasons

4) Volcanoes pose human hazards for several reasons

5) Supervolcanoes don’t happen very often (fortunately)





Map of Santorini (Thera)



Santorini: 
satellite view













From the eruption of 1628 BCE



Crete and Santorini (Thera)   



Archaeological excavation at Akrotiri



Picture of artist’s 
idea of the sinking 
of Atlantis



Devils Tower (Wyoming)



Devils Tower (Wyoming)



Devils Tower (Wyoming)



Giant’s Causeway (Ireland)



Los Organos
(Canary Islands)



Devil’s Postpile (California)



Devil’s Postpile (CA)

• Basalt layer

• 400 ft deep lava lake;        
3 miles long

• Columns: up to 3.5 ft
wide, 18 ft long

3 sides – 0%
4 sides – 2%
5 sides – 37%
6 sides – 55%
7 sides – 5%



Hughes Mountain (MO)





Chemical Weathering:

1) Dissolution

2) Hydrolysis

3) Oxidation

 More significant than mechanical 
weathering (in volume of rock affected)

 Especially dominant in wet climates



Halong Bay, Vietnam



Halong Bay, Vietnam



Halong Bay: Karst Topography



Halong Bay



Halong Bay: Floating Villages



Guilin, China



Guilin



Guilin in Art



Guilin in Art



Phang Nga Bay, Thailand



Phang Nga Bay, Thailand

James Bond:

The Man with the Golden 
Gun



Phang Nga Bay, ThailandPhang Nga Bay, Thailand

James Bond:

The Man with the Golden 
Gun



Elephant Rocks 
(Missouri)



Q? Where does all the granite go?



Q? Where does all the granite go?





GRANITE



Bryce Canyon



Arches National Park, Utah



“The Wave:” Arizona



Bisti Badlands, NM



South Dakota Badlands



Chiricahua National Monument, Arizona



City of Rocks, Idaho


	Geoheritage and the Future of K-12 Geoscience Education
	Slide Number 2
	Timeline for the NGSS
	Timeline for the NGSS
	Timeline for the NGSS
	Coauthor of >35 K-12 Science Textbook Volumes
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Dimension #2: The Disciplinary Core Ideas
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	NGSS:  Phenomenon-Based Learning
	Slide Number 23
	NGSS:  Phenomenon-Based Learning
	How do you Teach Earth and Space Science with the NGSS?
	How do you Teach Earth and Space Science with the NGSS?
	How do you Teach Earth and Space Science with the NGSS?
	NGSS:  Phenomenon-Based Learning����Explored with the 5 E’s
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	NGSS:  Phenomenon-Based Learning
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Figure 3-14a
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	Slide Number 121
	Slide Number 122
	Slide Number 123
	Slide Number 124
	Slide Number 125
	Slide Number 126
	Slide Number 127
	Slide Number 128
	Slide Number 129
	Slide Number 130
	Slide Number 131
	Slide Number 132
	Slide Number 133
	Slide Number 134
	Slide Number 135
	Slide Number 136
	Slide Number 137
	Slide Number 138
	Slide Number 139
	Slide Number 140
	Slide Number 141
	Slide Number 142
	Slide Number 143
	Slide Number 144
	Slide Number 145

