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I. The Forest: Three Stories about the Development of Learning Progressions

A policy story concerning the implications of research on learning progressions for environmental science literacy on standards, assessments, and curricula. 

A research story, about the iterative process of developing and validating a learning progression.  

A learning story about how children can develop understanding and responsible citizenship in a complex and important domain: Processes that transform carbon, water, and biodiversity in socio-ecological systems.

A. The policy story: Environmental science literacy as understanding processes in socio-ecological systems

One measure of science literacy: The ability to understand and critically evaluate scientifically-based arguments about socio-ecological issues, such as the reports that won the 2007 Nobel Peace Prize: The reports from the Intergovernmental Panel on Climate Change (IPCC) and Al Gore’s An Inconvenient Truth.  This includes basic ideas in Figure 1 below.  In general, current national K-12 standards include key ideas associated with the environmental systems box and the two arrows.
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Figure 1: Structures and Processes of Socio-ecological Systems (Loop Diagram)

B. The Research Story: Iterative design-based research leading to development and validation of learning progressions

General criteria for validity:

Conceptual coherence: a learning progression should “make sense,” in that it tells a comprehensible and reasonable story of how initially naïve students can develop mastery in a domain.

Compatibility with current research: a learning progression should build on findings or frameworks of the best current research about student learning. 

Empirical validation: The assertions we make about student learning should be grounded in empirical data about real students.

Table 1: General Learning Progression Framework 

	Levels of Achievement
	Progress Variables

Types (e.g, different processes, different scales) and elements (e.g., life, matter, cause/energy, models) of accounts

	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
	

	1-2: Narratives based on informal cultural models/metaphors
	


Table 2: Criteria for Validity Applied to Specific Parts 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


C. The Learning Story: Developing Understanding and Responsible Citizenship, Grades 4-12

General categories of practice:

Inquiry: Developing accounts of processes in socio-ecological systems based on arguments from evidence.

Accounts: Narratives that explain and predict processes that combine general and particular knowledge, connected by informal cultural models or metaphors and/or scientific models.

Citizenship: Making decisions about environmental based on accounts and personal or social values. 

Focus on accounts: Moving from accounts based on informal cultural models to scientific model-based accounts is a complex and difficult intellectual achievement.  Much of our work to date has involved mapping out the nature and dimensions of this achievement.   Our work on accounts has focused on three strands of environmental science literacy:

Carbon: Processes that generate, transform, and oxidize organic carbon in socio-ecological systems 

Water: Processes that move and transform water, and substances in water in socio-ecological systems

Biodiversity: Processes that affect survival, growth, reproduction, and selection of organisms in sociao-ecological systems

II. The Trees: Details of Carbon Accounts Learning Progression

A. Upper anchor for carbon environmental systems accounts 

Upper anchor accounts are organized around three key elements or principles:

· Scale: Hierarchy of systems at different scales

· Matter: Conservation of mass and atoms

· Energy: Conservation and degradation of energy

Figure 2: Tracing Matter and Energy, Level 4
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B. Lower anchor for carbon environmental systems accounts

Sources of useful ideas:

· Steven Pinker on semantics of grammar

· Leonard Talmy on force-dynamic reasoning

· Burke and Shakespeare on “all the world’s a stage”

· Tina Grotzer on naïve causation

· Developmental research (Chapter 3 in Taking Science to School)

· Aristotle on:

· Causes

· Patterns of change (e.g., natural and violent motion)

· Chain of being

Precursors to matter and energy: The Great Chain of Being and “Will power”

	

	· Hierarchy of systems (Like main actors, supporting actors, props, and scenery on a stage)

· (God, angels) People

· Animals (birds, fish, beasts)

· Plants

· Settings: objects, materials, etc. 

· Natural tendencies of agents and objects: “Will power” as prime cause of events

· (God, angels) People: Free will

· Animals: Limited free will and vital “force”

· Plants: Vital force, no free will

· Settings: objects, materials, etc.: Natural (laws of nature) and violent (will of agents) motion or change

· Balance of “forces”

· Natural tendencies of agents and objects

· Enablers (or “needs”): light, food, nutrients, water, air, etc. help agents fulfill their natural tendencies

· Antagonists: cold, disease, etc. 

Figure 3: The Great Chain of Being

From Didacus Valades, Rhetorica Christiana (1579)


Where does the “power” lie?

· Chain of Being: Power lies in God or human will.  Power is attenuated in lesser animals, plants, objects.

· Natural Science: Power lies in the laws of nature (including chemistry and thermodynamics) that govern all systems, including humans.

· Loop Diagram: Human will does not transcend laws of nature, but it does determine the future of socio-ecological systems. 

Different ways of “splitting up the world.  Narratives based on informal cultural models recognize different types of processes and relationships among processes from scientific model-based accounts.  In Table 3 below, you can understand the rows as follows:

Carbon-transforming processes and scientific accounts.  These are Level 4 in our framework and consistent with high school standards in national standards.

Macroscopic processes.  These are common carbon-transforming processes that are recognized by students at all Levels of Achievement.

Informal accounts.  These are accounts based on informal cultural models: Level 2 in our framework
Table 3: Contrasting ways of grouping and explaining carbon transforming processes
	Carbon-transforming process
	Generating organic carbon
	Transforming organic carbon
	Oxidizing organic carbon

	Scientific account
	Photosynthesis
	Biosynthesis
	Digestion
	Biosynthesis
	Cellular respiration
	Combus-tion

	Macroscopic process
	Plant growth
	Animal growth
	Breathing, exercise
	Decay
	Burning 

	Informal account
	Natural processes in plants and animals, enabled by food, water, sunlight, and/or air
	Natural process in dead things
	Flame consuming fuel


C. Learning in going from lower anchor to upper anchor

· Scale: Increasing awareness of mechanisms at smaller scales, contexts at larger scales

· Matter: 

· Recognizing continuity between agents (people, plants, animals) and enablers (air, water, food, nutrients)

· Agents subject to laws that govern objects and settings

· Energy:

· Natural and violent motion (metaphorical “uphill” and “downhill) as precursors to thermodynamics

· Agents subject to laws that govern objects and settings

D. Challenges ahead

· Empirical validation of frameworks and assessments

· Mark Wilson tomorrow

· Teaching experiments

· Mapping out intermediate levels

· Expanding learning progressions

· College level

· Quantitative reasoning

· Decision making in citizen roles
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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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