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Broad Interest in Models	



Education 	

 Workforce	



Challenge 1: understanding 
and forecasting the 
behavior of a complex and 
evolving Earth System 

We consider eight practices to be essential 
elements of the K-12 science and engineering 
curriculum: 
1.  Asking questions and defining problems 
2.   Developing and using models 
3.  Planning and carrying out investigations 
4.  Analyzing and interpreting data 
5.  Using mathematics, information and computer 

technology and computational thinking 
6.  Constructing explanations and designing 

solutions 
7.  Engaging in argument from evidence 

1.6 Earth Scientists construct 
models of Earth and its 
processes that best explain 
the available geological 
evidence. 

5% of workforce with 
highly leveraged impact  



Models in Undergraduate 
Geoscience Education	



  Understanding the role of 
models in science – a case 
study 

  Understanding complex 
systems – a world view 

  Preparation for the 
workforce- a needed skill 



Geoscience Perspectives	



  Grounded in observation of the natural system  
  Understood in the framework of a dynamic, 

complex Earth system  
  Reflecting a long history of geologic time in which 

there are catastrophic  events    
  Geographically, spatially and temporally 

organized  



Geoscience Strategies for Testing 
Hypotheses	



  Studying a series of geographically or temporally 
specific examples to deduce underlying 
processes 

  Developing multiple converging lines of 
incomplete data 

  Testing understanding through prediction  
(models) 

Learning about the role that models play in geoscience is part of 
understanding geoscience and a way to understand models more 
broadly 



Learning Outcomes for Teaching About 
Models	



  Models vs reality 
  Understanding 

assumptions 
  Testing results 
  Uncertainty 
  How to use results 
  Role of models in 

science 



Teaching Complex Systems	



Inspiring Humility 
• System is difficult to understand 
• Impacts far from source in time and 
space 
• Unanticipated consequences 
 





Understanding Complex Systems 

Takes time 
Requires a K-16 Learning 
Progression 



Establishing a Learning Progression 
  Ponds and glaciers are examples of a reservoir of water 

that has inputs and outputs and it is illustrative of a 
category 

  Dynamic equilibrium in visible phenomena 
  Generalizing ideas about stock and flows to include things 

you can’t see, parallel stocks and flows with sediments 
  Feedback loops‐ reinforcing and stabilizing 
  Matter cycles create complex interactions that are 

sensitive to changes seeking dynamic equilibrium 
conditions over time 



Understanding Complex Systems 

How do we 
recognize success? 







Models and complex systems 

  Complex systems 
behavior 
  Feedbacks 
  Rates and lags 
  Emergent/unexpected 

outcomes 
  System intuition 



  Geologic Time Scale 
  Anchoring Events 
  Duration of Events  
  Rates of Processes 
  Uncertainty 

 
 
  Relationships between space 

and time 
  Narrative and metric 

approaches 
  Visualiations 



Preparation for the Workforce 
  STEM students valued for 

quantitative and problem 
solving skills 

  Geoscience research 
requires the capability of 
working with quantitative 
data and models 

  Geoscience employers value 
quantitative skills 

  From Wall street to 
Washington the workforce 
needs to know more about 
models and complex 
systems 



Questions? 
 

  Google search terms for 
resources 

  SERC Cathy 
  SERC guide data teaching 
  Teaching complex systems 
  Cutting Edge time rates 
  Teaching Quantitative Skills 

Geoscience 


