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From the Conference Program:
What ideas should everyone understand about Earth? What if instruction is focused on a very small set of whoppingly large ideas? What should they be? 

See: http://virtualfieldwork.org   


Background:
New York State’s Core Curriculum Guide for Regents Earth Science includes 22 Key Ideas without prioritizing them.  Other state standards are similarly structured.  How do you decide what is the most important content to emphasize?  We do know that typical Americans (or world citizens, for that matter), do not recall or deeply understand most of the content they were taught in school.

What science content is it reasonable to expect your students to understand and remember for the long term as a result of being your students?  Of course the simple answer is to say they should understand all the ideas we teach, but the reality is it’s not happening in the overwhelming majority of classrooms.  

The reality is you must teach the content dictated by your state standards.  Is there a way that we can help students build a conceptual framework that will help them create durable understandings of this content that matters so very much?

The first thing might be to simply emphasize how very important the content of Earth science courses are.  The greatest challenges of the coming decades are likely to be grounded in Earth science.  Issues of climate change, energy, and water matter greatly.  Regents Earth Science is the last formal instruction many citizens have in these areas.  Our responsibility is awesome.  

And some would like to see that awesome responsibility grow.  There are scientists and science educators who have created Earth Systems Science Literacy Principles in four disciplines: Oceans, Atmosphere, Climate, and Earth Science.
  

These literacy principles are written at the commencement level and, taken together, yield 31 “Essential Principles” and 202 “Fundamental Concepts!”  Furthermore, astronomy is not included even though it is typically taught in the same one-year high school course (if a student is fortunate enough to have a high school-level Earth science course at all).  While there is substantial redundancy among the literacy documents, and there is interest in synthesizing these into a more accessible single document, that future work does nothing to help those in classrooms now.  

And we should remember that there are no examples of creating thick descriptions of what everyone should understand about any topic that has led to wide swaths of the population understanding the target content, in spite of countless attempts to do just that throughout human history.

Strategies for Attacking the Problem:
Two approaches come to mind:

1. Overhaul the systems by through which adolescents are expected to learn science.

2. Synthesize the most important ideas in Earth system science to create a manageable conceptual framework and develop strategies for effectively teaching these profound ideas.

The first approach is not attainable in the short term, so this session will focus on the second.  

The National Research Council’s 1996 National Science Education Standards are now almost 15 years old.  Work is underway to create new national standards that recognize the realities described here.  It is expected that each major content area will identify just a few very big ideas.  

To be distributed:
· Background information (this page)

· “Big Ideas in the Earth System” from Spring 2010 American Paleontologist
· Duggan-Haas & Miller’s Big Ideas 

· Miller’s Essential & Unit Questions

· Henderson’s Lab Questions

	Earth Science Bigger Ideas & Overarching Questions

	How do we know what we know?

How does what we know inform our decision-making?
	The Earth is a System of Systems.

The Earth System is composed of and part of a multitude of systems, which cycle and interact resulting in dynamic equilibrium (though the system evolves). The Earth is also nested in larger systems including the solar system and the universe.  However there is an inherent unpredictability in systems, which are composed of an (effectively) infinite number of interacting parts that follow simple rules. Each system is qualitatively different from, but not necessarily greater than the sum of its parts.
The Flow of Energy Drives the Cycling of Matter

The Earth is an open system. The constant flow of solar radiation powers much of Earth's ocean and atmospheric processes on the surface of the system, flow of heat from inside the Earth from radioactivity drives plate tectonics. Energy flows and cycles through the Earth system. Matter cycles within it. Cycling is largely driven by the interaction of the differential distribution of solar radiation and internal heat, and gravity. Convection drives weather and climate, ocean currents, the rock cycle and plate tectonics.
Life, Including Human Life, Influences and is Influenced by the Environment. 

Photosynthetic bacteria released free oxygen into the early oceans and atmosphere, making Earth habitable for later animals.  Humans have changed the lay of the land, altered the distribution of flora and fauna and are changing atmospheric chemistry in ways that alter the climate.  Earth system processes affect where and how humans live. For example, many people live in the shadow of volcanoes because of the fertile farmland found there, however they must keep a constant vigil to maintain their safety. The human impact on the environment is growing as population increases and the use of technology expands.  

Physical and chemical principles are unchanging and drive both gradual and rapid changes in the Earth system.

Earth processes (erosion, evolution or plate tectonics, for example) operating today are the same as those operating since they arose in Earth history and they are obedient to the laws of chemistry and physics.  While the processes constantly changing the Earth are essentially fixed, their rates are not. Tipping points are reached that can result in rapid changes cascading through Earth systems.  
To Understand (Deep) Time and the Scale of Space, Models and Maps are Necessary.

The use of models is fundamental to all of the Earth Sciences. Maps and models aid in the understanding of aspects of the Earth system for which direct observation is not possible. Models assist in the comprehension of time and space at both immense and sub-microscopic scales.  When compared to the size and age of the universe, humanity is a speck in space and a blip in time.



Big Ideas Analysis

EARTH SCIENCE BIG IDEAS

(Adapted from Miller and Duggan-Haas, 2005)

1. Scientists are driven by curiosity about the natural world, and they ask and answer questions as a means of understanding.

2. Our knowledge of the natural world is constantly changing as we advance our ideas based on new evidence.

3. Models and maps can be used to represent the Earth, the Universe, and time.

4. The Earth system is a complex adaptive system.

5. The flow of energy drives the cycling of matter.

6. Living things and the environment impact each other.

7. The Earth/Universe is in a constant state of change.

8. The processes that affect the Earth today are the same that have affected Earth in the past.
1. Choose one observation that you made during the trip.  Could be anything.  Explain that observation by relating it to the “Big Ideas” in Earth Science.

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

2. Again.  Pick an observation and relate it to the Big Ideas.

_________________________________________________________________

_________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

3. Big Idea #6 says, “Living things and the environment impact each other”.  Explain how humans have impacted Letchworth both positively and negatively.  Give at least two examples each in your answer.  Should humans have conserved Letchworth?
_________________________________________________________________

_________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

_________________________________________________________________

_________________________________________________________________

__________________________________________________________________________________________________________________________________

_________________________________________________________________
“Let your affairs be as two or three, and not a hundred or a thousand.” 





Henry David Thoreau








� The last of these is largely geologic in focus and named “Earth Science” for largely political reasons.  The Literacy Principles are available online at � HYPERLINK "http://www.earthscienceliteracy.org/" ��http://www.earthscienceliteracy.org/�.





Henderson’s Big Ideas Lab Questions

