Draft:  NASA NOVA Earth Science for Preservice Teachers, Spring 2004, University of Minnesota                                         6/10/2004

GLOBAL CHANGE:  SCIENCE AND PEDAGOGY
Global Change:  Science and Pedagogy is an interdisciplinary course designed for students who are interested in exploring the possibility of a K-16 teaching career. Imbedded within a course of study focusing on the contemporary issue of global climate change, the course introduces the field of Earth system science as well as scientific methods and analytical techniques useful in science teaching and research.

In this course, we look at global change over different time scales, and examine forces of global change and case studies within these temporal parameters.  We begin looking at changes over the last several hundred million years (tectonic scale),  changes over millions of years (orbital-scale),  and millennial and decadal changes (human/environment interactions in prehistory, anthropogenic global change).  Through this approach you will gain an understanding not only of the Earth's dynamic history and the forcing factors that caused the Earth environments to have specific spatial and physical characteristics over time, but you will gain a quantitative understanding of the scale and rapidity of recent global changes that are the result of human activity.  

The course models "exemplary pedagogy", the kind of teaching that science educators are encouraging in all K-16 classrooms.  In the inquiry process, we begin with activities that are designed to raise questions by class participants. The inquiry elicits class discussion, which is followed by an exploration of real climate data archived at national scientific agencies.  We explore the data through  a variety of means, for instance, you will get the opportunity to learn to import raw data into Excel and generate graphical data for analysis, to take data images and animate them into a scientific visualization movie, to use simulations and models as experimentation tools, and finally, you will have the opportunity to co-teach an Earth system science lesson over the course of a week at the NASA Explorer School in St. Paul. Don't expect a lot of lecture in this class, as we know from scientific research that learning is best facilitated by doing.  

At the end of the course you will have a in-depth understanding of the processes responsible for global change over time and the criticality of contemporary trends of climate change.  For those interested in a K-12 teaching career, you will also have exposure to the wide variety of teaching and learning resources developed by NASA scientists and educators for K-12 education. For those interested in college teaching, you will have the opportunity to experience inquiry-based learning for yourself, so you can weigh the merits of the approach for your future college classroom. Students who are interested in a service-learning experience are welcome to participate in the Co-teaching scientists 
and teacher program at the new NASA Explorer school about 10 minutes from the U of MN campus. As an alternative to the co-teaching experience, students can elect to produce a final project that investigates the bilateral impact of culture and climate at a selected time interval. 

Textbook:  Ruddiman, W.F.  2001  
Earth's Climate:  Past and Future.  New York: W.H. Freeman and Co.






ISBN: 0-7167-3741-8

Evaluation: 
10 In-class activities



10 points


10 Lab Assignments 



50 points





Midterm 




10 points


Teaching Practicum (or) Research Paper
15 points


Final examination



15 points


Total possible points=100





GLOBAL CHANGE:  SCIENCE AND PEDAGOGY
DISCUSSION TOPICS
       ASSIGNED WEB STUDY AND READING

LABS/GRADED ASSIGNMENTS

CLASSROOM  ACTIVITIES


I.  The Earth as a System in Time

1.  Course Overview







Lab 1:  Earth Science Science IA 




http://www.ngdc.noaa.gov/paleo/globalwarming/home.html


http://earthobservatory.nasa.gov/Library/Aerosols/
 













Ruddiman: 3-17






2.  The Earth System and cycles











GLOBE:  Meteorology Protocols


http://www.ngdc.noaa.gov/paleo/globalwarming/home.html


Ruddiman: 19-53






Lab 2:  Earth System Science  IB


i.  water cycle

3.  Scales of Change:  the Climate system










http://www.ngdc.noaa.gov/paleo/primer_care.html







NASA Atmosphere Detectives: 8-9


http://www.ngdc.noaa.gov/paleo/ctl/#site








Wind and Weather, Coriolis Effect

iii.  carbon cycle







Lab 3: CO2 Time series 


NASA Discovery Earth:  The Earth Science 


Ruddiman: 87-102










Classroom Materials for Precollege 















Teachers (Cloud in a bottle: 18)













4.  Geological History







Lab 4:  Geological Timescale












Lab visit:  Proxy data sets,  LRC




ii.  rock cycle



http://www.minsocam.org/MSA/K12/K_12.html

II.  Dynamic Processes of Global Change





5. Plate Tectonics and climate






Lab 5:  Plate Tectonics



http://www.scotese.com/paleocli.htm








NASA Live from the Aurora Educators 


Ruddiman:  103-128










Guide (Mapping the Ambient Magnetic 















Field: 41-61)


 

iv. weathering forcing and feedbacks




Lab visit:  St. Anthony Falls Laboratory

III. Global Change Case Study 1: 

Greenhouse Earth 100myr and today
6.  2x CO2
http://www.giss.nasa.gov/research/paleo/  



 


...research/stories/20011210/  methane hydrate


Ruddiman:  130-143
IV. Global Change Case Study 2: Extinctions













7. K/T boundary








Lab 6:  Chamberlain and Multiple 

NASA 
Exploring Meteorite


Ruddiman:  143-145





Working Hypotheses 



Mysteries:Direct hit at the K-T 
















Boundary 14.1-6 
8.  Icehouse








Lab 7: Computer Models and  System Feedbacks

oxygen isotope records












NASA Discover Earth:  The Earth 

BLAG and Uplift Weathering










               Science 
Classroom Materials for 

Topographic forcing












Precollege Teachers (Daisyworld 


Ruddiman:  147-171













11-15)



V. External Forcing Processes
9.  Astronomical Control of Solar Radiation

seasons 














NASA  Kinesethic Astronomy

Orbital forcing







Lab. 8:  Secular Solar Variation






Ruddiman: 173-192; 255-273




Lab 9:  Orbital Forcing
VI.  Global Change Case Study 3: Ice Ages   
10.  The Pleistocene







Lab 10: Glaciation MN and Beyond

Minnesota Geology Teachers 


Ruddiman: 210-233;  277-300











Guide (MN Geol. Survey)


http://www.ngdc.noaa.gov/paleo/slides/slideset/11/index.html  




 






VI.  Global Change Case Studies 4:  Human/Environmental Interface
11.  Millennial and Decadal Climate Change

 
Archaeological evidence of climate/culture











NASA Atmosphere Detectives:


http://www.ngdc.noaa.gov/paleo/slides/slideset/12/index.html        






Why study the sun?



Ruddiman: 330-351











(4); Live from the Aurora 

















Educators Guide: Make your own 
















sunspotter (p. 3-23)











Research Paper:  LIA, Maya, MCO Burgundy, 














Anazazi, Sargon II, origins of Agriculture, origins 














of hominids, rise of  civilization 
















(OR)










Teaching Practicum in Earth system science, 














Crossroads Science Magnet, NASA Explorer 














School, St. Paul Public Schools
12.  Anthopogenic Impacts 





Synthesis and Projections 







Review:  Geological Timescale movie







http://www.ornl.gov/ORNLReview/rev28_2/text/cli.htm

revisited


Ruddiman:  355-441






This course was developed through a grant from the NASA NOVA program to the University of Minnesota and the St. Paul School District.  The laboratory investigations were developed at a NASA NOVA workshop at the University of Arkansas, Summer 2003. Thanks to Dr. Steven Boss and Dr. Caroline Beller and the participants of  the 2003 NASA NOVA Chattaqua.
Websites Consulted in Construction of Course Outline

secular visualizations: 
 http://earthobservatory.nasa.gov/Observatory/



http://sci.gallaudet.edu/Mary/parameters.html



http://seawifs.gsfc.nasa.gov/SEAWIFS.html

paleo


http://www.ngdc.noaa.gov/paleo/paleo.html
paleodata visualization: 
http://www.scotese.com/paleocli.htm

paleodata manipulation: 
http://tsunami.geo.ed.ac.uk/~jgc/sunshine.html
milankovich: 

http://deschutes.gso.uri.edu/~rutherfo/milankovitch.html
climate forcing data: 

http://www.ncdc.noaa.gov/paleo/forcing.html

plate tectonics

http://www2.nature.nps.gov/grd/usgsnps/pltec/pltec1.html

dead sea:   


http://www.gisdevelopment.net/aars/acrs/1994/ts2/ts2004a.shtml
repeat photo archive:  

ftp://ftp.cbi.usgs.gov/pub/nrmsc/repeat_photo/
ocean circulation article: 
http://www.pik-potsdam.de/~stefan/Publications/Nature/insight_review.pdf

K-12 science sites: 

http://chainreaction.asu.edu/
pedagogy/technology: 
http://www.worldwatcher.northwestern.edu/research.htm
NSES


http://www.nap.edu/html/nses/html/

satellite data: 

http://www.ncdc.noaa.gov/servlets/GoesBrowser



http://earthref.org/

Boss webcourse

http://comp.uark.edu/~sboss/ess.htm
non-virtual visualization tool
http://www.cs.colorado.edu/~ctg/projects/hypergami/
QP links


http://www.geo.arizona.edu/palynology/web_qua.html

