Interview protocol for Carbon TIME Project: SPRING, 2012
Revision date: May 16, 2012
Preparation for Interview

Before you start, clearly articulate to yourself what specific information needs to be gathered about the student’s learning in order to be useful for research. This helps you keep clear focus on the intent of each question. As an interviewer, it may be useful to ask clarifying and follow-up questions to the student that are unscripted in order to fully investigate their thinking. Examples of good questions are “what do you mean by that?” “Could you summarize that answer for me again?” “Could you tell me in terms of [matter and energy] or [atoms and molecules]? Examples of bad questions are “And the name of that process is…?” “Remember how we did something like this in class?” These are very leading questions and tend to preclude many possible types of student responses.
Choose a setting with little distraction. Don’t conduct multiple interviews in one room. Please make sure that the camcorder captures your interviewee’s voice clearly. If an interview has very bad sound quality, it will not be useful for analysis. Please make sure that you find a quiet room for interview.

If you use an external microphone with the camera, don’t forget to turn it on!  If you have time, check for sound quality by recording a short segment and playing it back. Be sure that both you and the student can be heard clearly.
Possible things to explain to the student:

· The purpose of the interview is to understand how you explain processes in nature at this point in your learning. Don’t be concerned about answering the question correctly as this will not be graded. I’d like you to tell me all that you can about what you know, and how you know it, even if you’re unsure.  
· I can’t give you feedback about right and wrong during the interview, but at the end of the interview I can answer any questions you may have about our conversation. 
· I will ask you sets of related questions, and I might take some time while I think about your response. I may also ask questions that sound repetitive, but I’m just trying to be sure that I’ve covered all the questions that I need to ask. 
This interview should take about 45 minutes. Do you have any questions before we get started?

Interview Questions
I. Matter Association Questions: How Materials are Alike and Different 
Purpose of the questions: How do students connect and relate different items? What kinds of materials do students relate to one another, and why? Do they associate organic and inorganic materials together? Or do they see items as connected in other ways? How do they understand the role of energy in common systems?

           Student Practices: Materials, Energy, (Mass/gases, Subsystems, Carbon cycling)
Use Cards for Matter Association Questions (10 cards –muscles in a cow, soil, oxygen, carbon dioxide, water, living branches, dead wood, gasoline, glass, sand)
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Reminder: Be sure to say aloud how the student grouped the pictures so that it will be recorded in the written transcript. Also say the name of the picture aloud any time a student is referring to one card in particular. 
Interview Script:
1. [Open prompt. Ask students to examine the 10 cards.] 
“Each of these cards represents a item.  Can you sort these cards into groups of items that are alike? Explain each group. How are the items in each group alike? Does any item within the group not fit as well as the other items? Why? How are the groups different from one another?“
2. [Materials prompt] 
“Suppose you think about the MATERIALS the different items are made of, and NOT how the items are used or related in other ways.  Can you sort them into groups based on how the MATERIALS are alike and different? 
a. Explain each group. How are the items in each group alike? How are the groups different from one another?“
b. [Specific materials probe: Pick out the cards for CO2, gasoline, and dead wood.] 
i. “Can you think of any ways that these materials are all alike?  How?”
ii. “Can you think of ways that these materials are different?  How?”
3. [Energy prompt] 
“Let’s talk about energy:  Are there differences in these materials in the amount of energy they have stored? Which ones have more stored energy?”
How are the items that have more stored energy alike? How are the items that have less stored energy different?”
a.  [Specific energy probe: Pick the cards for living branches, dead wood and cow muscle.]
i. “Can you think of ways that these materials are alike with respect to energy?  How?”
ii. “Can you think of ways that these materials are different with respect to energy?  How?”
II. General Tracing Questions: Tree Growing
Purpose of the questions: We want to know how students explain trees (and plants more generally) growing. What “enablers” do students think are needed for the tree to grow? How do students think about trees and gas-exchange? Upper level students will know that the majority of tree biomass came from carbon in the air. Water from the soil is an important input, as are small amounts of minerals from the soil (many students dramatically overestimate the amount of soil minerals taken up by plants). The tree takes in CO2 and releases O2 during photosynthesis. The tree takes in O2 and releases CO2 during respiration. Leaves exchange CO2 for O2 while in sunlight, but all parts of the plant exchange O2 for CO2 continually.  
Student Practices: Materials, Mass/gases
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You could choose to show this image, tree growth, a card used in the Cross-process Question VI.
Interview Script:
1. [Elicit a list of enablers: air, water, soil (nutrients), and sunlight.]

“What does the tree need in order to grow?”
2. [For enablers not listed by students ask the following until all enablers, sunlight/soil/water/nutrients, are mentioned.]
“Other students told me that the tree needs X to grow. Do you agree?” 
3. [Follow up with specific probes about role of all the enablers in growing.]

 “How does the tree use air to grow?”
“How does the tree use water to grow?”

“How does the tree use soil (nutrients) to grow?”

“How does the tree use sunlight to grow?”

4. “Does a tree do anything with the air that surrounds it?”
             [Possible alternate wording for lower-level students: Does the tree breathe?]  
            “What does it do? (How does it do that?) What gases are involved?”
5. “Is there a connection between exchanging gases (breathing) and growing for the tree?” [If student says yes] “What is the connection?”
III. Inquiry Questions
Purpose of the questions: We want to know which elements of a scientific argument are most important and valid to a student. We present two scientific arguments and two types of evidence related to each argument and ask the student to critique both.
Student Practices: Inquiry
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[Show the image of Mike and Karen silhouettes.]
“We are interested in how people use evidence to support their ideas. We’re going to talk about two students who disagree with each other about how plants gain weight when they grow. One student Karen said: “The plant gains most of its weight from materials that came from the air.’ 
“Another student, Mike said: ‘The plant gains most of its weight from materials that came from nutrients in the soil.’ 
1. “Who do you think is right?” 
“Now let’s talk about the quality of their arguments that support their idea.” [Start with the argument that the student agrees with; either Karen or Mike could be first. Show the card associated with Karen or Mike one at a time.] 
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Karen who you _____ [agree/disagree] with, explains, ‘You can grow a big plant in a little pot without a lot of soil.’ Karen adds some evidence to her argument and explains ‘A seed weighing 1 g was planted in 80 g of soil. After two years the plant weighted 50 g and the soil weighed 78 g.’ 
1. “Can you explain Karen’s argument?”

2. “How does Karen’s argument support her idea that the plant gains weight from materials that came from the air?”
3.  “Are their some weaknesses in Karen’s argument? Explain what they are.”
4. What evidence would strengthen Karen’s argument?
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Mike who you ____[agree/disagree] with explains, ‘Plants have roots to take up nutrients from the soil to grow.’ Mike adds some evidence to his argument and explains ‘A plant grown with no fertilizer weighted 50 g, and a plant grown with fertilizer weighted 65 g.’” 
5. “Can you explain Mike’s argument?”
6. “How does Mike’s argument support his idea that plant gains weight from materials that came from the soil?”
7.  “Are their some weaknesses in Mike’s argument? Explain what they are.”
8. What evidence would strengthen Mike’s argument?
IV. Mass and Energy Tracing Questions
Purpose of the questions: We want to know if students can trace matter (carbon atoms) from the air into tree mass. An upper-level student will be able to tell you that the mass of the tree is mostly from carbon dioxide (and water). The tree’s body is made largely of glucose and cellulose, which are changed from carbon dioxide and water in photosynthesis. The air around the tree loses mass as the tree takes up carbon dioxide. We also want to know if students can trace sunlight energy from the sun to chemical energy stored in the bonds of C-C and C-H molecules (carbohydrates) in the plant.
         Student Practices: Mass/gases, Energy, (Materials, Subsystems)
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Interview Script:
1. “The tree gains weight as it grows. Suppose the tree gains exactly one pound of wood.  Where does that one pound of wood come from?”
2. “Does something in the tree’s environment have to lose weight in order for the tree to gain weight?“
[Alternative explanation for lower level students: “When you gain weight, you use the food you eat, so it loses weight.  Is there anything like that for the tree—the tree uses it so that it loses weight when the tree grows?”]
[If the students answers “yes.”] “What loses weight when the tree gains weight?
If the tree gains exactly one pound, can you predict how much weight [the materials named by the student] will lose?”  

3. “What parts of the tree’s environment will lose weight? How much?”
4. “Do you think that the tree needs energy?”
[If yes] “Where does the tree get its energy?  Out of the things that you named before [sunlight/soil/water/nutrients], which ones are sources of energy for the tree?”
5. “What is the difference between the things that give the tree energy and the things that don’t?”
6. “Do different things give the tree different kinds of energy?  Explain.”
7. “Why does a tree need energy? Where does that energy go inside the tree? Is it still energy? Does it change into other things? How?”
V. Cross Process Questions: Comparing Events
Purpose of the questions: Similarly to the previous interview question sorting materials, here we ask the student to sort processes. Do students connect certain processes together? Do they see similarities or patterns in certain processes? Upper-level students may say that the tree growth involves the creation of organic carbon molecules. All the other processes involve using organic carbon molecules for energy. The flame burning and car running are both combustion. The girl jumping, baby girl growth and tree decaying all involve respiration. The tree growth and baby girl growth both involve biosynthesis. The tree growth decreases the amount of carbon dioxide in the air surround the leaves, all the other processes increase the carbon dioxide in the air.
         Student Practices: Energy, Materials, Carbon cycling, Subsystems
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Interview Script:

[Use the cards for cross process questions (6 cards—car running, tree growing, baby girl growing, girl jumping, tree decaying, flame burning). Show the 6 cards and tell the student what is happening in each card. Explain: Each of these pictures is about an event: Something is happening.]
1. “Can you divide the pictures into groups in terms of events that are alike and different?  Explain each group.”

2. “Can you divide the pictures into group in terms of how matter changes during the event? Explain each group”

3. “Can you divide the pictures into groups in terms of how energy changes during the event? Explain each group”

4. “Can you divide the pictures into groups in terms of ways of changing or using air during the event? Explain each group.”

VI. Cross Process Questions: Ecosphere
Purpose of the questions: Students may be able to talk about particular processes like photosynthesis or respiration, but have a difficult time applying these processes to an ecosystem setting. Connections between multiple processes are important to understanding the movement of matter and the flow of energy in ecosystems. Upper-level students may be able to say that: 

The algae, shrimp and bacteria rely on each other to survive. The algae photosynthesize by taking CO2 from the air and create new cells as they grow. The shrimp eat the algae and produce CO2 as they respire and nutrients as waste. The bacteria eat the waste from the shrimp and also produce CO2 as they respire. All of the organisms need water and oxygen and mineral nutrients, all of which are recycled throughout the ecosphere.
The ecosphere does exchange energy with the outside environment rather than just recycle energy within the ecosphere. Light allows the algae to photosynthesize and store energy in carbon bonds. All of the organisms use energy as they grow, move and metabolize, and energy is released from the ecosphere as heat that is produced whenever organic carbon changes form.       Student Practices: Carbon cycling, Energy
Interview Script: 
[Use the card for ecosphere question]
[Tell the Student:] “NASA scientists invented the EcoSphere – inside a completely sealed glass container, (there is no opening at the top of the jar!) there are air, water, gravel, (the branch-like thing is just for show) and three living things – algae, shrimp, and bacteria. (Identify the shrimp and algae as the green parts like a plant, you can’t see the bacteria.) Usually, these three living things can stay alive in the container for two or three years until the shrimp become too old to live. The picture above shows an EcoSphere and it’s inside parts. The EcoSphere is a closed ecosystem and has no exchange of matter with the outside environment.” Note: be sure to mention that the algae are like a plant.
1. “How can the algae/shrimp/bacteria stay alive? Do you think algae/shrimp/bacteria can get everything it needs? What are those things? Where do they come from?”
2. “Do you think that matter is cycling in the EcoSphere? How does that happen?”
3. “Do you think that energy is cycling in the EcoSphere? How does that happen?”
4. “Do you think the EcoSphere has energy exchange with the outside environment? Why?”
[If the answer is yes] “What energy goes into the EcoSphere?  What energy comes out?”
5. “If I put the EcoSphere in a dark room for one week, what do you think will happen? Why?”
 VII. Vocabulary and Plant Structure Questions
Purpose of the questions: Students often struggle to talk about the way that organisms are organized into different systems at different scales, including cells, molecules and atoms.  In this question you find out how well a student can “dig in” to a leaf down through the hierarchy of scales, and how they understand the processes of growth and gas exchange at different scales.  During growth, leaf cells “make themselves” from water, minerals, and CO2.  During gas exchange in the leaf, the carbon atom from CO2 gets incorporated into sugars, which then gets made into lots of different types of molecules that make up a plant. 
Student Practices: Subsystems, Mass/gases
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Interview Script:
Use the “Leaf” and “Close-up of a Leaf” cards.
[Show student the picture of “Leaf.”]
1. “Suppose that I looked at this leaf with a microscope. Can you tell me what I would see?”

2. “You said that I would see X. What are X [cells, or whatever the student says] made of?“ [Continue questioning to a smaller level e.g. “what are cells made of?” until student can go no smaller.]
3. “How is the wood of the twig like the leaf? How is it different?” 

[Show student the picture of a “Close-up of a leaf.”]
1. “Can you tell me what you see here in this picture of a leaf?” [Point out cells if the student has not.]

2. “What do the leaf cells do as the leaf grows?”

3. “Do you think that anything is going into or out of the leaf cells as the leaf grows?”  [If a student says no, or has no way of talking about gas exchange, you may skip questions 4-6]

4. “What specifically is going into or out of them?”

5. “Where does X [whatever student says; carbon dioxide, oxygen, air] come from?  How does it get to the cells?”

6. “Where does X [whatever student says; carbon dioxide, oxygen, air] go after it comes out of the leaf cells?” 

[Ask the questions below only if (a) the student gives evidence of some familiarity with atoms and molecules and (b) the student has not answered the questions below during first part of this interview section (above).] 

Molecules: 

1. “What kind of molecules do you think are in leaves?”
2. “Where are they in the leaf?” 

3. “What do you think they do?
4. “Is there anything in the leaf that is not made out of molecules?”
[If the student talked about oxygen and carbon dioxide. Ask:] 

5. “You said that the tree breathes in carbon dioxide and breathes out oxygen. What atoms does carbon dioxide contain?”
6. “What atoms does oxygen contain?” 

7. “You said that carbon dioxide has a carbon atom, but oxygen does not have it. So, when the leaf breathes in carbon dioxide and breathes out oxygen, where does the carbon atom of CO2 go?”
Atoms: 

1. What kind of atoms are in the leaf?

2. “Do you think the tree contains carbon atoms?”
3. [If yes] “Where are the carbon atoms in the leaf?”
4. “Where do the carbon atoms come from?”
Plants gain weight from materials that came from the soil.





Plants gain weight from materials that came from the air.








