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The posters in this symposium:

A Learning Progression for Carbon in Environmental Systems
1. Validation of a Multi-Year Carbon Cycle Learning Progression, by Lindsey Mohan, Jing Chen, Hamin Baek, Jinnie Choi, Yong-Sang Lee, and Charles W. Anderson. 

2. Secondary Students’ Accounts of Carbon-transforming Processes Before and After Instruction, by Kennedy Onyancha, Karen Draney, Jinnie Choi, Yongsang Lee, and Charles W. Anderson. 

3. American and Chinese Secondary Students’ Written Accounts of Carbon Cycling in Socio-ecological Systems, by Jing Chen, Xinhua Jin & Charles W. Anderson. 

4. Interviews with Chinese and American Secondary Students about Carbon Cycling in Socio-ecological Systems, by Hui Jin, Li Zhan, Charles W. Anderson. 

5. College students’ accounts of carbon transforming processes in socio-ecological systems, by Brook Wilke, Laurel Hartley, Jonathon Schramm, and Charles W. Anderson. 

Learning Progressions for Water, Biodiversity, and Citizenship
6. Developing a Learning Progression for Students’ Understanding of Water in Environmental Systems, by Kristin L. Gunckel, Beth A. Covitt, Tammy M. Dionise, and Charles W. Anderson. 

7. Developing a K-12 Learning Progression for Biodiversity in Environmental Systems, by Josie Zesaguli, Brook Wilke, Edna Tan, Laurel Hartley, Courtney Schenck, Jonathon Schramm, and Charles W. Anderson
8. Students’ Use of Scientific Knowledge and Practices When Making Decisions in Citizens’ Roles, by Beth A. Covitt, Edna Tan, Blakely K. Tsurusaki, and Charles W. Anderson.
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Figure 1: Structures and Processes of Socio-ecological Systems (Loop Diagram)
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Table 1: Learning Progression Framework for Carbon, Water, Biodiversity Strands

	Levels of Achievement
	Practices, principles, and processes

	
	Practices: Inquiry, accounts, decisions
	Principles: Matter, energy, genetics, scale
	Linking processes

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

and Levels of Achievement: 

Inquiry, accounts, citizenship decisions about processes in socio-ecological systems

	3: “School science” narratives
	

	2: Force-dynamic with hidden mechanisms
	

	1: Force-dynamic narratives 
	



Figure 2: Citizenship practices
Table 2: Key Principles for Carbon Water, and Biodiversity Strands

	
	Carbon Strand
	Water Strand
	Biodiversity Strand

	Types of Accounts

	Types of processes
	Processes that create, transform, oxidize organic carbon
	Processes that move water across landscapes and processes that affect water quality
	Disturbances to ecosystems leading to continuity and/or change

	Characteristics of Each Account

	Characteristics of systems
	Structure and function
	Inorganic substances: CO2, H2O, O2

Organic substances: Monomers and polymers of biomolecules
	Freshwater systems: watersheds, ground water, atmospheric water

Human water systems: pipes, treatment plants, etc.
	Genetic characteristics: individual genotypes, population genetic variability, community species diversity

Phenotypic structure, function, relationships

Non-living environment

	
	Hierarchy of scales
	Atomic-molecular, microscopic, macroscopic, large scales
	Atomic-molecular, microscopic, macroscopic, watershed scales
	Individual, population, community/ecosystem, landscape (multiple ecosystems) scales

	Principles constraining processes
	Principle 1
	Conservation of matter:

-conservation of atoms

-conservation of mass

-fluxes and reservoirs of carbon-containing materials 
	Conservation of matter:

-conservation and movement of water through changes of state and landscapes

-conservation and movement of materials carried by water
	Genetic continuity: 

-organisms are descended from other organisms of the same kind

-disturbances affect size and genetic variability of populations with rules of inheritance

	
	Principle 2
	Conservation and degradation of energy
	Gravity and pressure: water runs downhill, constrained by impermeable materials
	Population dynamics: Population size and variability are determined by environmental constraints, dispersal constraints, relationships among populations


Table 3: Linking processes for carbon strand learning progression

	Level 4 general processes
	Generating organic carbon
	Transforming organic carbon
	Oxidizing organic carbon

	Level 4 accounts
	Photosynthesis
	Biosynthesis
	Digestion
	Biosynthesis
	Cellular respiration
	Combus-tion

	Linking processes
	Plant growth
	Animal growth
	Breathing, exercise
	Decay
	Burning 

	Level 1 accounts
	Plants and animals as actors, accomplishing their purposes in life, using their abilities, if their needs (food, water, sunlight, and/or air) are met
	Natural process in dead things
	Flame as actor consuming fuel


Note: Linking processes are in red.
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Figure 3: Hypothesized alternate learning trajectories for carbon strand (from Jin, 2009)













Deciding





What will I do?





Investigating


What is the problem?


Who do I trust? What’s the evidence?





Explaining and Predicting (Accounts)


What is happening in this situation? What are the likely consequences of different courses of action?








Discourses: Communities of practice, identities, values, funds of knowledge











Settlement


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


Waste disposal and burning fossil fuels 





Human Actions with Environmental Impact





Human, Social, and Economic Systems





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





Environmental Systems





Basic value: Preservation of abundance and diversity of living systems





Food, energy (fuels),


Water, Space for living





Environmental System Services
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