Comparing Informal and Scientific Reasoning at the High School Level
	Issue
	Carbon
	Water
	Biodiversity
	Inquiry

	Level
	Informal
	Scientific
	Informal
	Scientific
	Informal
	Scientific
	Informal
	Scientific

	Observing and Interpreting Macroscopic Systems and Processes
	Actors (plants, animals, machines, flames)
Needs

Results
	Processes in systems, including invisible gases and chemical potential energy
	Water in the landscape, serving the needs of actors and manipulated by actors
	Water systems, including surface, ground, atmospheric water, human-engineered systems
	Undifferentiated landscapes, “stages” for charismatic macrofauna and a few identifiable plants, insects
	Interactive biological communities of populations distinguished by phylogeny and function
	Knowledge cannot dispel uncertainty (Your guess is as good as mine), OR

Trust in:

-authority (trust books and people who know)

-community (trust sources your friends trust)

-personal experience (seeing is believing)

Trust based on social judgments about bias, self interest
	World is fraught with uncertainty, but it can be reduced through rigor in method and argument:

--precision and reliability in data generation

--rigor in pattern finding

--theoretical arguments from evidence

—collective validation by consensus of scientific communities

	Explaining with Subsystem Models
	Organs, cells, molecules, atoms as “facts” about systems and processes
	Atomic-molecular models of chemical change
	Water quality as property of water itself
	Water quality as dissolved or suspended materials in water
	Heredity and environment as comparable “forces” shaping individual organisms
	Phenotypic plasticity separate from genetic resources
	
	

	Large-scale Systems and Processes
	Separate oxygen-CO2 and nutrient (food webs, decomposition) cycles
	Socio-ecological carbon reservoirs and fluxes

Energy flow
	Water moving around, polluted or purified by nature and humans
	Fluxes and reservoirs of water and other substances in watersheds with human intervention
	Landscapes shaped by nature or managed by humans
	Biological communities constrained by phylogeny (dispersal), environment, population dynamics, disturbance
	
	

	Principled Reasoning
	Actors accomplish their purposes if their needs are met
	Processes constrained by conservation of matter, conservation and degradation of energy
	Humans have the power to move, pollute, purify water in the landscape; no need to explain mechanism
	Humans rely on ecosystem services or engineer processes that follow physical and chemical constraints
	Individuals and communities are shaped by the most powerful “forces,” including dominant organisms, human management, forces of nature
	Communities rely on primary production, constrained by genetic resources, environment, community dynamics
	
	


This table compares and contrasts informal reasoning (predominant in current high school students) and scientific reasoning (what we need for environmentally science literate citizens) in terms of five aspects:

Hierarchical reasoning: Understanding and connecting models of systems and processes at different spatial and temporal scales

1. Observing and interpreting macroscopic systems and processes.  High school students tend not to be aware of aspects of systems around them that are critical to scientific understanding.  When they do not notice these aspects of systems and processes, they cannot see important patterns, apply principles such as conservation of matter and energy, or make connections with subsystems and larger-scale systems. 

a. gaseous reactants and products and chemical potential energy for carbon-transforming processes; 

b. interconnections among surface water, ground water, and atmospheric water systems, and human engineered systems; 

c. (phylo)genetic and functional diversity in natural and managed biological communities.  

2. Explaining with subsystem models.  High school students have learned facts about microscopic and atomic-molecular subsystems, but they cannot use them as tools to explain macroscopic and landscape-scale phenomena: 

a. models of chemical change in carbon-transforming processes, 

b. dissolved and suspended substances that affect water quality, 

c. genetic resources that constrain phenotypic plasticity in organisms.

3. Large-scale systems and processes. High school students tend to see humans as caretakers who can shape landscape-scale and global environments, rather than seeing systems that operate predictably in accord with scientific principles:

a. Energy flow and carbon reservoirs and fluxes

b. Reservoirs and fluxes of water and materials carried by water

c. Biological communities constrained by phylogeny (dispersal), environment, population dynamics, disturbance

Discourse and practice: Understanding core characteristics of scientific accounts, practices, and values
4. Principled reasoning.  High school students tend to “learn science” by fitting scientific facts and definitions into narratives about the world and how it works that are at odds with scientific principles and models.

a. High school students tend to reason about environmental systems in force-dynamic ways (Talmy, Pinker).  Processes are caused by actors (humans, animals, plants, machines, flames) with different needs and powers, as well as some “natural” processes.  What happens depends on the “balance of forces” exerted by different actors according to their powers.  
b. Scientific reasoning constructs models of systems that operate according to specific rules determined by natural laws or principles, including conservation of matter and energy and genetic continuity.  

5. Inquiry and scientific argument.  The core issue here is how people deal with uncertainty about the present state of socio-ecological systems and the effects of our actions on those systems.  
a. High school students often rely on social judgments about who is trustworthy and tend to believe either that the truth is absolutely knowable or that truth is relative—different for different people and cultures. 
b. Scientific literacy involves accepting that uncertainty can never be completely eliminated, but that it can be reduced by rigor in method and argument and by collective validation based on consensus (not just a majority) of scientific communities.
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