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Carbon Clinical Interview

This is an “all purpose” clinical interview that could be adapted to students of different ages and to the different progress variables within our Accounts practice.  The basic idea is that we can choose a relatively small number of processes in environmental systems (the cards in the interview), and investigate students performances as they classify, explain, and connect those processes. 

Materials

A set of cards (could be cut from a printed page on card stock), each with a color picture and a description in words. These cards:

· All describe processes at the macroscopic level, but with possible atomic-molecular and large-scale connections

· Include the key processes that we are interested in: processes that create, transform, and oxidize organic carbon

· Include the key systems that we are interested in: air, producers, consumers, decomposers, foods, fuels

Possible list of cards:

1. Ice melting 

2. A towel drying 

3. Corn plants growing in the sunlight

4. An oak tree growing in the sunlight

5. A cow eating corn

6. A child eating a hamburger

7. A child running

8. A candle burning

9. A car climbing a hill

10. A tree decaying 

11. An air conditioner cooling a room

12. An oil well pumping petroleum from the ground

Sorting and Classifying Tasks

Choose a subset of cards that is appropriate for your purposes, based on the time available and your estimate of the students’ level of knowledge and practice.  Possible choices:

· Elementary (Levels 1-3): 1, 2, 3, 5, 6, 7, 8, 10

· Middle (Levels 2-5): All (or all except 11 and 12)

· High (Levels 3-7): All

1. Open sorting tasks (All levels) 

a. Each of these cards has a picture of a different event.  Please take these events and sort them into groups in a way that makes sense to you.  Explain how you sorted them.

b. Can you think of a different way sort these events into groups?  Please show me that way and explain it.  (Continue until student cannot think of other ways)

Hypotheses about indicators of levels:

Level 1: Focus on events rather than materials, sorting according to human purposes or actions

Level 2: Sorting that recognizes differences in systems or changes in materials (e.g., events involving plants and animals or living things, 1 and 2 as both involving water, combinations of 3, 4, and 5 as involving corn or cows)

Level 3: Distinguishing between physical changes (1 and 2) and chemical changes (any of the others).  Recognizing similarities in materials or processes (e.g., plants growing, animals eating, fuels burning) and explaining similarities in macroscopic terms.

Level 4: Recognizing similarities like those for Level 3, but explaining in terms of chemical properties of substances or processes (e.g., growing plants use sunlight for photosynthesis, eating animals use food for energy and growth, burning fuels are combining with oxygen).  

Level 5: May classify processes with respect to how they affect air (e.g., processes that use or release oxygen).  Recognition of categories that involve chemical changes in organic compounds. Correctly identifies types of reactants and products in most changes (and can explain them in atomic-molecular terms).

Level 6: Recognizes similarities such as cellular respiration in 6 and 11.  Can identify reactants and products in all processes.  Capable of connecting events with one another through shared reactants and products, effects on the atmosphere.

2. Responses to sorts by interviewer (all levels)

Choose groups of cards that the student has not mentioned but that are appropriate for his or her level and show them to the student.  Possible questions:

a. Would it make sense to you to put these events in a group?  Why or why not?

b. How are the events in this group alike?  How are they different?

c. How are they different from [another card selected to probe a specific understanding]?

Possible groups:

1 and 2 (Level 3: both are changes in water.  Level 4: both are physical changes or changes of state, neither changes the substance or the molecules of water)

3 and 4 (Level 2: both are plants growing.  Level 3: both require sunlight.  Level 5: both involve photosynthesis, produce oxygen)

5 and 6 (Level 2: both are animals eating. Level 3: both animals are gaining weight.  Level 5: both animals are digesting food and using food molecules in their bodies.)

7, 8, 9, and 10 (Level 4: all require food or fuel, all use oxygen.  Level 5 or 6: all oxidize organic carbon compounds)

8, 9, 11, 12 (Level 5: all involve oxidation of fossil fuels.  Level 6: connections involving greenhouse gases or global climate change.)

3. Probes about individual events

Choose appropriate individual events and probe along the lines of specific progress variables.

General probes (all levels)

· Explain to me, in as much detail as you can, how this event takes place.

· What is changing in this event, and how?

· What is happening inside the (towel, ice cube, tree, child, car, etc.)?  Explain in as much detail as you can?

· Does this even involve energy?  How?

Structure of systems

· Measurement: not applicable

· Material kind: Can you identify any of the substances or materials that are changing during this event?  What are they?  (Level 3: names for solid and liquid materials, perhaps mixed with objects, conditions, qualities, or forms of energy.  Level 4: names for gases and materials in living organisms, perhaps mixed with names for parts of organisms or other systems.  Level 5: names of chemically identifiable substances or classes of substances.  Level 6: correct chemical identification of key substances or classes of substances.)  

· Do any of the substances you named contain carbon?  What are they? (Level 5: correct identification of carbon-containing materials.  Levels 6 and 7: correct chemical identities or descriptions of characteristics of molecules.)

· Scale: What are the parts of ---- [plant, animal, candle, car, etc.]?  What are those parts made of?  How are they alike the whole thing?  How are they different. [Continue until student cannot go any farther.]  (Level 3: Recognition that small bits of materials are similar to larger amounts, and living things are made of cells that are themselves alive.  Level 4: correct atomic-molecular accounts of materials.  Level 5: correct atomic-molecular accounts of organisms and decomposers.  Level 6: correct chemical descriptions of reactants and products.)

Tracing matter

· Quantitative reasoning: Will this process change the weight of the (tree, child, candle, car, etc.)?  How will the weight change?  What will happen to the mass/matter that is lost?  (Level 3: correct prediction of mass change without mechanism.  Level 4: correct accounting for mass in changes not involving gases, such as 1, 5, and 6; incorrect accounting for other changes.  Level 5: recognition of mass going to and from atmosphere.  Level 6: strict conservation of mass for all chemical changes.)

· Material kind: Answers to these questions build on the materials the student identifies in the process (see Structure of Systems, above).

· What happens to the materials you identified during this event?  How do they change?

· Does this event change the air?  How?

· Does this event produce any new materials?  What are they?  Where do they come from?  How are they formed?

· Level 3: Correct accounting for melting ice; animal and human growth connected to eating without specificity about mechanism.  Event narratives that do not trace matter for other events.

· Level 4: Correct accounting for physical changes.  Some reactants or products identified for physical changes, but not all.  Changes in conditions or forms of energy may be confused with change in substances.  Substances may still be confused with their qualities.

· Level 5: Recognition of general nature of both reactants and products.

· Level 6: Chemical identification of reactants and products.

· Scale: Answers to these questions build on the parts the student identifies in the process (see Structure of Systems, above).

· Level 3: How do the parts you identified change during this event?  

· Levels 4 and above: How are the atoms and molecules changing in the materials that you identified?

· Level 4: Correct accounting for physical changes but not chemical changes.

· Level 5: Recognition that atoms are being arranged into new molecules, but not all atoms and molecules are identified, especially for processes in living systems.

· Level 6: Correct description of chemical changes in living and non-living systems.

Tracing energy

Questions asked will depend on how students traced matter and answered the general question on energy (see General Probes above).

· Uses of foods and fuels: Why is it important for the:

· …room to be warm when the ice cube melts?

· …tree to have sunlight?

· …cow to eat the corn?

· …runner to eat food?

· …candle to have wax?

· …car to have gasoline?

· …air conditioner to have electricity?

· Identifying energy sources: (If student says energy is involved in this event,) Can you identify an energy source for this event?  What is it?

· Energy transformations: What happens to the energy from [energy source identified by student]?

· Energy degradation: Can the energy be used again?  Why or why not?  

4. Connecting events

One way to get at students’ understanding of large-scale systems and processes is to ask them to make connections among events on different cards.

General probe (all levels)

Pick some cards that seem to you to be connected and tell a story about how they are connected.  

Probes at different levels aimed at different levels

Opening question: Can you tell a story that connects these events?  Explain the connections as carefully as you can.

· Food chain (Level 3, cards 3, 5, and 6)

· Carbon cycle (Level 5, cards 3, 5, 6, and 7)

· Can you include gases in the air in your story?

· Tree life cycle (Levels 2-5, cards 4 and 10)

· Are parts of the dead tree recycled into new live trees?  Explain how that happens.

· Can you include gases in the air in your story?

· Fossil fuel use (Levels 3-6, cards 8, 9, 11, 12)

· Can you include gases in the air in your story?

5. Connection to global warming

Do any of these events affect global warming? Please explain. 

Global Warming Questions

Use the illustrated Global Warming cards for these questions.

· Initial question: These cards show a set of actions that scientists say can help decrease global warming. Please choose two actions and explain how each could reduce global warming.
· Probe for specific ideas about the mechanism by which the action might affect global warming:
· How would this keep the earth’s climate from getting warmer?
· Would this affect our atmosphere?  How?  Why is that important?
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Ice Melting
	[image: image2.png]



A Towel Drying
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Corn Plants Growing in the Sunlight
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An Oak Tree Growing in the Sunlight
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A Cow Eating Corn
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A Child Eating a Hamburger
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A Child Running
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A Candle Burning
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A Car Climbing a Hill
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A Tree Decaying
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An Air Conditioner Cooling a Room
	[image: image12.png]



An Oil Well Pumping Petroleum from the Ground


Part II Actions to Slow Global Warming

Below is a set of actions that scientists say can help decrease global warming. Please choose two actions and explain how each could reduce global warming. 
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1. Increase fuel efficiency of the cars.
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	2. Cut electricity use in homes, offices and stores through conservation of energy or increasing energy efficiency. 
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	3. Add twice today’s nuclear electric plants to displace coal-fired plants.
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4. Drive cars on ethanol. Ethanol is an alcohol-based alternative fuel produced by fermenting and distilling starch crops that have been converted into simple sugars.
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5. Stop tropical deforestation and increasing the rate of new forest planting. 


