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What are the big questions from the Early Earth?
1. Craft at least two questions each addressing a different one of  the following: solid earth, life, ocean/atmosphere, Earth System

2. Each question should be suitable as a theme for a one-week unit in your teaching

· Since what time on the planet has there been a continuous ocean existing?

· What were the critical thresholds from organic building blocks to self-replicating life - role of minerals?

· What would you experience if you could travel back in time and stand on early earth? Pick a time.
· What are plate tectonics (define)? When and how did plate tectonics start?

· How did BIFs form?-what do they tell us about the early earth? (expanding questions of greater complexity--what types of BIF are there, what's the relation to life, composition of oceans, time of formation….
· Why was the early earth habitable with our faint young sun?

· How long have chemosynthesis and photosynthesis been going on?

· When did the conditions for life arise on Earth?

· How did the atmosphere evolve through time? 

· What has life done to effect early earth's geochemical process and geochemical cycles?

· When did the atmosphere become oxygenated, when did photosynthesis arrive, how are they related, is there a time lag and why?
· Why don’t we have rocks older than 3.96?

· What is life?  

· Where did the water come from?

· The Hadean - cool or hot?

· What happened at 3.8 BY?

How do we teach about questions with no certain answers?

1. Controversy, ambiguity, incomplete evidence….

2. Specific examples…
· Embrace the uncertainty as a mechanism for getting students to explore and think

· Uncertainty is a primary trait of science

· Start with concrete evidence and lead to questions/controversial issues

· Socratic discussion of simple question that becomes increasingly complex 

· How do we know what we know? - when we can't all understand the current research

· How do you deal with 1 or 2 data sets the result in conflicting interpretations
· Introducing students to scientific process-discussing how scientists resolve conflict.

· Starting with observations/what we know- guiding students through observations to hypotheses-emphasize the process
· Have students 'discover' a controversy and the associated gap in knowledge
· Use planetary comparisons
· Showing interactive nature of research - how you learn from details and then reevaluate your general ideas-- mapping as an example
· When are students ready for controversy-of what kind?  Need to match knowledge gaps to level of knowledge--focused issues as a place to start with controversy
· BIF example is one where you can explore back to bigger gaps in knowledge

· Class debates - more or less structured on specific topics

· How do students relate to big questions--how do we make relevant? (e.g. catastrophe sells; outside our experience/science fiction weirdness sells; )

· Science is strong because we are continually refining the answers-must understand that not knowing does not equal failure

· Important opportunity to help intro students become more sophisticated in understanding that science isn't facts--there is a fear/anger that can be associated with this
· Role of faculty in co-discovery  -- "I don't know but let's find out"
· Helping students to understand the difference between a testable hypothesis and wild speculation.  

