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Through the posters in this symposium and their accompanying papers we seek to tell three intertwined stories about our work.  The first of these is a policy story concerning the implications of research on learning progressions for environmental science literacy on standards, assessments, and curricula. Second, there is a research story, about the iterative process of developing and validating a learning progression.  Finally, we present and discuss the products of our development and validation processes, the learning progressions themselves.  Each of these progressions tells a learning story about how children can develop understanding in a complex and important domain: Processes that transform carbon, water, biodiversity, and citizenship in socio-ecological systems.

Figure 1: Structures and Processes of Socio-ecological Systems (Loop Diagram)

Table 1: General Learning Progression Framework (Using Carbon as an Example)

	Levels of Achievement
	Progress Variables (Carbon-transforming processes)

	
	Photosynthesis
	Transformation of organic carbon
	Cellular Respiration
	Combustion
	Large-scale processes

	5: Qualitative model-based accounts
	Learning performances for specific processes 

and Levels of Achievement: 

Accounts of processes in socio-ecological systems

	4: “School science” narratives 
	

	3: Events with hidden mechanisms
	

	2: Event-based narratives 
	

	1: Human-based narratives 
	


Table 2: Criteria for Validity of Learning Progressions

	Characteristic of Learning Progressions
	Conceptual Coherence
	Compatibility with Current Research
	Empirical Validation

	Individual cells: Learning performances
	· Learning performances are described in consistent ways, including (a) knowledge, (b) practice, and (c) context—real-world systems and phenomena.
	· Learning performances are compatible with those described in the research literature.
	· Learning performances describe actual observed performances by real students.

· Students are consistent across different questions or modes of assessment (e.g., written assessments and clinical interviews) that assess the same learning performance

	Rows: Levels of Achievement
	· Levels are conceptually coherent: Different Learning Performances reflect some underlying consistency in reasoning or outlook
	· Levels reflect consideration (explicit or implicit) of strands of scientific literacy (see above).
	· Levels have predictive power: Students should show similar Levels of Achievement for Learning Performances associated with different Progress Variable.

	Columns: Progress Variables
	· Definition of Progress Variable captures important aspects of Learning Performances at all Levels of Achievement
	· Progress from one Level to the next is consistent with research on students’ learning, considering all strands of scientific literacy
	· Progress from one Level to the next can be achieved through teaching strategies that directly address the differences between Learning Performances


Figure 2: Framework for Organizing Student Practices and List of Posters
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Accounts: Practices of developing accounts (e.g., narratives, models, principles) and using them to explain and predict phenomena in the domain)


Carbon: Accounts of processes that create, transform, and oxidize organic carbon compounds in socio-ecological systems


Developing progress variables for the Carbon Cycle, Karen Draney, Jinnie Choi, Yong-Sang Lee, and Mark Wilson.


Developing a K-12 Learning Progression for Carbon Cycling in Socio-Ecological Systems, by Jing Chen, Lindsey Mohan, and Charles W. Anderson.


Developing a Learning Progression for Energy in Environmental Systems, by Hui Jin and Charles W. Anderson.


Water: Accounts of processes that produce, move, and consume fresh water—and materials carried by fresh water 


A Learning Progression for Processes that Move Water through Socio-Ecological Systems, by Kristin L. Gunckel, Beth A. Covitt, Hasan Abdel-Kareem, Rebecca Dudek, Charles W. Anderson.


A Learning Progression for Processes that Alter Water Quality in Socio-Ecological Systems, by Beth A. Covitt, Kristin L. Gunckel, Hasan Abdel-Kareem, Rebecca Dudek, Charles W. Anderson.


Comparing Palestinian and American Students’ Accounts of Water in Environmental Systems, by Hasan Abdel-Kareem and Charles W. Anderson.


Biodiversity: Accounts of processes that create, modify, and reduce genetic diversity in populations and species diversity in communities: The Development of a K-12 Learning Progression for Biodiversity in Environmental Systems, by Josie Zesaguli, Christopher D. Wilson, Blakely Tsurusaki, Brook Wilke, and Charles W. Anderson.


Citizenship: Practices of making decisions about human actions that use environmental system services or have environmental impact: Developing a Learning Progression for Environmental Science Citizenship, by Blakely Tsurusaki, Beth Covitt, Edna, Tan and Charles W. Anderson. 





Environmental System Services





Food, energy (fuels),


Water, Space for living





Basic value: Preservation of abundance and diversity of living systems





Environmental Systems





Basic value: Access to basic environmental system services for people of all social classes, nations, and generations





Human, Social, and Economic Systems





Human Actions with Environmental Impact





Settlement


Management to extract energy and materials (Food, fuels, wood)


Waste disposal and burning fossil fuels 
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