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A. Program Description:

We propose to offer a professional development course to 10-12 local area middle and high school science teachers centered on the evolution of planetary surfaces and their ability to sustain life.   This course will consist of 2-3 weekend workshops, located on the campus of Pacific University, as well as ON line course material developed at the University of Oregon (UO).   Participants will earn UO professional development credit through the University’s continuing education program.   This structure duplicates the very successful structure that the PI and Co-I used under a three year Math Science Partnership grant that centered on training K12 teachers on how to better utilize teaching by inquiry in an overall earth and space science curriculum.  One principle outcome of that previous program was the identification of considerable deficiency in teacher knowledge in the general area of Earth system science.  As this area of science becomes increasingly important, primarily as a conduit in which global climate change can be discussed, it becomes imperative that we have well trained teachers in this regard.    Indeed, much of the necessary foundational material for such a course didn’t even exist in college 10 years ago when the bulk of these teachers were trained.  Linking Earth system science with the question of life on planetary surfaces provides a broader context (e.g. astrobiology) for understanding the fundamentals of planetary evolution as well as providing a more interdisciplinary window in which to view and analyze the material.    Clearly, such a course/curriculum will draw heavily on NASA resources and analysis of NASA imagery of various planetary/satellite surfaces in our Solar System and the subject matter ties directly into the overall Origins theme of NASA.
When considering the origin of Life on the earth (or other planetary surfaces) it’s useful to break down the pathways into a series of key scientific questions and issues.  Our framework for producing this proposed course centers on the following key questions and their associated physical concepts.
1. Where did the raw materials for life come from? (stellar evolution)

2. How did monomers develop? (Atmospheric Chemistry, Ocean chemistry, deep sea thermal vent chemistry, Miller-Urey experiment)
3. How did polymers develop?  (formation of peptide chains; role of deep sea thermal vents as catalysts; minerals (iron=sulfur) acting as a catalyst)

4. How did an isolated cell form? (RNA protein chains; anaerobic processes; abiogenesis; protein microspheres) 
5. How did prokaryotic cells evolve to eukaryotic cells and why did this take so long?  (Symbiotic Theory, membrane infolding, co-evolution with organelles).

6. How did DNA arise?  (information theory, complexity,  panspermia theory)

At first glance the above list may seem daunting but it is not our intention to conduct this professional development course as a series of factoids to be memorized by the teachers.  Instead, as we did in the previous program, we will use the 6 key questions as sources of inquiry and then construct a logical process of events that must have occurred and then familiarize the teachers with some plausible explanations.  Indeed, one of the key aspects of attaining science literacy and/or expert knowledge lies in understanding the range of uncertainties that are associated with a particularly theory or process.  Hence, we intend to emphasize more what remains scientifically unknown in this complex chain of events, and why it remains scientifically unknown, rather than simply relying what is known.
Nonetheless, the last ten years have seen a remarkable advancement in our understanding of the origin of Life on the earth, the obstacles posed to that evolutionary process, and the identification of interesting potential biochemical environments, possibly conducive to the formation of life, in other parts of the Solar System.  These new discoveries, many from NASA missions, form the core curriculum of our proposed professional development course and include such things as:

· Better understanding of the biochemistry associated with deep sea thermal vents and the likely discovery of infrared photosynthesis in deep sea bacteria
· The formation of the first bio-molecules (either through RNA or mineral layers – the newly discovered Mica hypothesis) – much new evidence suggests this may not have occurred as traditionally thought through atmospheric processes but rather through inorganic process in minerals.
· New evidence that life begins in space and is deposited on planetary surfaces via Comets (this is known as the panspermia theory).  This new evidence comes directly from NASA’s Stardust and Deep Impact Cometary probes.
· The possible Snowball Earth state of 700-800 million years ago – how does life recover from that?

· The relevance of Titan to the study of the possible pre-biotic chemistry that occurred on the Earth due to the primitive, chemically-reducing nature of its atmosphere as probed by the Huygens mission.

· The growing body of evidence, starting with the 1994 Martian Meteorite, both for and against the probability that primitive life formed in the early history of Mars.

Finally, we will present and discuss the Rare Earth Hypothesis of Ward and Brownlee which fundamentally suggests that life on planetary surfaces must be very rare due to the extraordinary circumstances that have to come together to make the process work.   The capstone project for this course will be a debate between two teams – one team will take the Rare Earth side while the other team will argue that Life is common and should be expected to occur in any Solar System.

B. Goals and Objectives of the Program:

The primary objectives of this program are three fold:  a) to substantially increase the content knowledge of the teachers in the early history of the earth (and Mars) and how that relates to the development of life on the Earth; b) to appreciate why there are fundamental scientific uncertainties that still exist in explaining some/all of the 6 crucial steps in the development of self-replicating life on the Earth; c) to better utilize the tremendous amount of ON line space resources offered by NASA and to design student exercises around those resources.  

C. Sustainability Plan:
In our experience, sustainability of new curriculum directions in high school and middle school can be achieved by adhering to two specific principles:  1) actively involve the local district superintendent in the grant program and have them assist in teacher selection; 2) select 2-3 teachers from the same school so that one is training a team that can mutually support one another, instead of an individual isolated teacher that may just be adrift in the wilderness once they try to introduce the principles and content of this course into their own curriculum.  In the successful MSP program we adhered to both of these principles and definitely produced a K12 curriculum product and strategy that managed to live on, after the grant had expired.

D. Awareness Plan:

What could be more relevant that finding life elsewhere?  Mars, etc …
E. Evaluation Plan:

We we will perform the usual pre-post test on the teachers and we will follow up with some classroom observations …  KC can put words in here
F.  Principle Investigator and Major Project Staff Expertise:
The PI has been involved in K12 teacher training in a variety of venues since coming to the University of Oregon in 1990.  He is also the director of the Pine Mountain Observatory and oversees a large in-state K12 visitation program that is done in conjunction with the Friends of Pine Mountain Observatory – a group of local amateurs that help to support the educational outreach mission of the observatory.  In addition, he has developed and taught a course entitled  “Cosmology and the Origin of Life” (most recent version at http://opencourse.uoregon.edu/pub/astr123)  for the last 20 years.  He has also successfully partnered with education specialists for longer term programs on K12 teacher professional development.  The PI also is well known for developing an extensive series of physics/astronomy/earth system science JAVA/FLASH based visualizations, simulations  and virtual experiments to serve as important aids in both data driven and inquiry driven curriculum (see http://homework.uoregon.edu/demo/)
KC expertise here
