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Quotes from Student Interviews about Carbon-transforming Processes

 Presentation at CRCSTL Seminar, October 4, 2007

Hsin-Yuan Chen, Hui Jin, Andy Anderson

Your data analysis task

You will find excerpts of interview transcripts from four students on the following pages.  For each student, there are four transcripts, labeled according to the interview card that the student is talking about:

Card 1: Corn plants growing in the sunlight (photosynthesis) = P

Card 2: A child running (cellular respiration) = CR

Card 3: A car climbing a hill (combustion) = CO

Card 4: A tree decaying (decomposition, cellular respiration) = D

But here’s the catch: The transcripts are in a different order for each card.  So Transcript P1 comes from a different student from Transcript CR1, and one of the other CR transcripts came from the same student as Transcript P1.  This sets up the following questions.

1. Which transcripts go together?  Try to put together the 4 sets of 4 transcripts each that came from the same students.

2. What are the key characteristics of student responses that you used to group the transcripts?

3. What can you say about levels of achievement?  Which student would you say understands the processes best and why? How is the understanding of lower level students different?

4. What are the implications for science teaching? What should we emphasize in teaching about carbon-transforming processes?  How should we teach these ideas?

Types of questions we asked about each card

Structure: Molecular composition of the organic substances – To what extent, can the student identify organic carbon?

Tracing matter: Chemical Reaction – To what extent, can the student identify gas as reactants/products in the reaction and/or identify carbon transformation?

Tracing energy: Energy sources; transformation; dissipation – heat)

Specific questions for each card

Corn plants growing in the sunlight

Structure: 

· Can you identify any of the substances or materials that are changing during this event?  What are they?

· Do any of the substances you named contain carbon?  What are they?

Process: 

· Will this process change the weight of the corn plants?

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

· Does this event change the air?  How? What is in the air that does not change?

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

· How are the atoms and molecules changing in the materials that you identified?

Energy:

· Does this event involve energy?

· Can you identify an energy source for this event?  What is it?

· Why is it important for the corns to have sunlight?

· What happens to the energy from sunlight?

· Where does the energy go when the event ends? Can the energy be used again?  Why or why not?

A child running

Structure: 

· Can you identify any of the substances or materials that are changing during this event?  What are they?

· Do any of the substances you named contain carbon?  What are they?

Process: 

· Will this process change the weight of the child?

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

· Does this event change the air?  How? What is in the air that does not change?

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

· How are the atoms and molecules changing in the materials that you identified?

Energy:

· Does this event involve energy?

· Can you identify an energy source for this event?  What is it?

· Why is it important for the runner to eat food?

· What happens to the energy from runner?

· Where does the energy go when the event ends? Can the energy be used again?  Why or why not?

A car climbing a hill

Structure: 

· Can you identify any of the substances or materials that are changing during this event?  What are they?

· Do any of the substances you named contain carbon?  What are they?

Process: 

· Will this process change the weight of the car?

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

· Does this event change the air?  How? What is in the air that does not change?

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

· How are the atoms and molecules changing in the materials that you identified?

Energy:

· Does this event involve energy?

· Can you identify an energy source for this event?  What is it?

· Why is it important for the car to have gasoline?

· What happens to the energy of the gasoline?

· Where does the energy go when the car stops? Can the energy be used again?  Why or why not?

A tree decaying

Structure: 

· Can you identify any of the substances or materials that are changing during this event?  What are they?

· Do any of the substances you named contain carbon?  What are they?

Process: 

· Will this process change the weight of the tree?

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

· Does this event change the air?  How? What is in the air that does not change?

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

· How are the atoms and molecules changing in the materials that you identified?

Energy:

· Does this event involve energy?

· Do you think the dead tree contains energy? 

· What happens to the energy of the dead tree?

· Can the energy be used again?  Why or why not?
 Corn Plants Growing: Transcript P1

Structure and Process:
Can you identify any of the substances or materials that are changing during this event?  What are they?

I mean, using CO2 and water and using the sunlight to make the glucose molecules and O2, which is not making, transforming. Using the glucose molecules from there 

to grow. 

Do you think the process will change the mass of plants? 

I think the plant will be heavier. 

Where does the mass come from? 

From the CO2. It takes CO2 and gains weight. 

Energy:
Where does the light energy go, when it goes into the plants’ body?

It goes to the bonds of the glucose, to the bonds of glucose holds energy. 
 Corn Plants Growing: Transcript P2
Structure:
Can you identify any of the substances or materials that are changing during this event?  What are they?

Um. The corn is changing because it’s using um the oxygen and the sunlight in the air to produce glucose and water. And I think that’s it. 

Do any of the substances you named contain carbon?  What are they?

Yes. The oxygen is in the carbon it takes from the sunlight in the air. 

Process: 

Will this process change the weight of the corn plants?

Yes. No. Yes it will when the corn plant take in carbon dioxide and the energy from the sun it produces glucose and water which adds weight to it and gets bigger. 

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

They change into different molecules. 

Does this event change the air?  How? 

Um Yes. Because it takes in carbon dioxide it will let out oxygen and water.

Does this event produce any new materials? What are they?  

Yes because um when it lets out carbon dioxide or  oxygen people will breathe it in and use it

for cellular respiration. 

Where do they come from? 
Um. The new chemicals come from the corn plant when they are done doing their process because they let it out and don’t  use it.
How are the atoms and molecules changing in the materials that you identified?

Umm.  There are different processes like photosynthesis and cellular respiration. 

Energy:
Does this event involve energy?

Yeah. The sunlight is the energy for that. 

Why is it important for the corns to have sunlight?


Because it produces the only energy for it other than the plant has already stored.  
What happens to the energy from sunlight?

It’s changed through the process of photosynthesis and it becomes, helps make glucose for the plants.

Where does the energy go when the event ends? 
It is partly stored in the plant. Some of it is released in the air. 

Can the energy be used again?  Why or why not?  
Yes it can because it since the plant stored some of it, it can use it in the same process.

 Corn Plants Growing: Transcript P3
Structure:
Can you identify any of the substances or materials that are changing during this event?  What are they?

The corn itself is actually growing and like the stalk is growing because of the nutrition in the ground and the sunlight used to do photosynthesis which is making the plants greener and forming corn. 

So what kinds of materials are changing the event?

The plant is getting more glucose to like make it bigger. And just like more energy for food for it.     

Do any of the substances you named contain carbon?  What are they?

I do not believe glucose does. I don’t think so. No.  

Process:
Will this process change the weight of the corn plants?

Yes it will (change the weight of the corn plants), because more glucose added will add more mass to the plant and will therefore changes it weight. 

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

They are used as like food for the plant to help it grow and that way gives us food to eat 

Does this event change the air?  How? 

Yes because it’s using some of the carbon dioxide and giving off more oxygen for us to be able to breathe. 

What is in the air that does not change? 

Like probably nitrogen and different things like that

Does this event produce any new materials?  What are they?  

It uses carbon dioxide and oxygen

Where do they come from? 

Different like photosynthesis gives off carbon dioxide and so like the plants also using and trees give us oxygen.  

How are they formed? 

I don’t really think I could tell you that one

How are the atoms and molecules changing in the materials that you identified?

Umm They’re like growing and expanding and making more of them and they are like. It’s a hard question

Energy:
Does this event involve energy?

Yes it does because the tree using the sunlight which is or the corn is using the sunlight which is energy or obviously a source of energy obviously for photosynthesis 

Can you identify an energy source for this event?  What is it?

The sunlight. 

Why is it important for the corns to have sunlight?


Otherwise it wouldn’t grow and it wouldn’t be able to produce as much food for us. Right  

What happens to the energy from sunlight?

It used in photosynthesis which makes the plants grow and gives us food.  
Where does the energy go when the event ends? 
Back into the air and into our bodies.

Can the energy be used again?  Why or why not?  
Yes it can because it like gives us energy to move around and make things.

 Corn Plants Growing: Transcript P4
Process: 

What changes when this event happens?

What? It might get too much heat and die. But I don’t know the corn plant’s living conditions so I don’t know what kind of heat it gets.

What are necessary for this event to happen?

What? Water. Sunlight. Dirt. 

Will this process change the weight of the corn plants?

I don’t know. 

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

You mean the water in the corn plant? The water will probably dry out but the glaciers will be melting so. 

Does this event change the air?  How? What is in the air that does not change?

What? The corn plant? Yeah. It creates more air for us to breathe. Oxygen.  

Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

During the plant growing? Um. The corn might be drier. The dirt will be dry like the top layer. The water will be dry.

Do any of the substances you named contain carbon?  What are they?

Yeah. Plant doesn’t contain carbon it just produces it. And the water has it. 

Energy: 
Does this event involve energy?

Yeah. 

Can you identify an energy source for this event?  What is it?

The sun. 

Why is it important for the corns to have sunlight?

To grow.

What happens to the energy from sunlight?

Um. What do you mean? It goes back into the corn. It just goes like It just like when it just goes into the corn. It like…..(mumbling) 

Child Running: Transcript CR1 

Process: 

What changes when this event happens?

Um. He’s getting involved in something and just everything inside the child is changing. And He can get ….

What are necessary for this event to happen?

Um. Food. Water. Sleep. Probably some shoes.

Will this process change the weight of the child?

Eating maybe. Yeah. He will be using energy like stored fat and all this other stuff.

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

Well water is being sweated out.  And then the food it’s just inside your body is just weight you know?  That’s about it 

Does this event change the air?  How? What is in the air that does not change?

Um. Sort of.  Because pooping is like farting. And farting is gas which goes in the air. 

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

Yeah. Sweat. Um water it’s just evaporating out the body and so it’s coming out from him.

Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

What? I don’t know. 

Energy:

Does this event involve energy?

Um. Yeah.

Can you identify an energy source for this event?  What is it?

Food. 

Why is it important for the runner to eat food?

Because food has nutrition and like have good thing like iron and stuff in it to help your body.  

What happens to the energy from runner?

Um. 

Where does the energy go when the event ends? Can the energy be used again?  Why or why not?  

Just being burned off. The energy is being used while he’s running.

Child Running: Transcript CR2

Structure and Process:
Can you identify any of the substances or materials that are changing during this event?  What are they?

When the child is running, he needs oxygen for the cellular respiration. So oxygen is inhaled and CO2 is being exhaled. That’s changed. Oxygen is inhaled and 
transferred to the cells in the body for cellular respiration. The byproduct of the cellular respiration is CO2. So it comes out. 

Ok. I got you. Do you think this process will change the child’s weight? 

When he releases CO2, he is losing carbon he had. As you can see that he inhale O2 and exhale CO2, so he is losing carbon. 

Where does that carbon come from? 

The glucose molecule. 

Energy:
Do you think this even involved energy? 

The point of break glucose molecule, which is why is CO2 is released is for ATP. So when the glucose molecule is broken, ATP is released. Oh, the energy is involved, 
because the whole the point is making energy. Capture the energy, so that you can use it to power yourself. 

So, the energy is originally stored in glucose?
In bonds of glucose.

When he is running, how does energy transform?
The ADP, the bonds of ATP, and energy is used to move. 

Energy is used to move is kinetic energy, right? How do you talk about that in class? 

Right. ATP is potential energy. Energy is used to move is kinetic energy. 

Does all the energy in glucose transformed into kinetic energy? Are there any other forms of energy involved? 

When they released, some energy is lost as heat. Some is captured in ATP.

Child Running: Transcript CR3
Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

Um. The energy the child has is going down so the energy he had stored already he is using to run. So I would say he had potential energy and now it’s changing into 
heat energy.  

Are any of the substances you named contain carbon?  What are they?

Yes he takes in oxygen and uses it for cellular respiration and lets out carbon dioxide. 
Process: 

Will this process change the weight of the child?

Um. It could eventually if he runs it off because since he is using up the stored energy that was causing him to have weight before. Since he is using it up then he won’t 
have it anymore. 

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

The materials change because when he takes in oxygen to breathe it goes through cellular respiration which produces water and carbon dioxide and he lets out carbon 
dioxide and water by him sweating.  

Does this event change the air?  How? What is in the air that does not change?

Yes because he lets out carbon dioxide which is used for photo by plants. The oxygen 

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

Um. I would say no.  

How are the atoms and molecules changing in the materials that you identified?

Um they are swapped around to make new materials. 
Energy: 

Does this event involve energy?

Yes the energy that the child stored, the potential energy, is changed. 

Can you identify an energy source for this event?  What is it?

Um. It, um, probably the food that he ate so such as glucose which gives him the energy he’s stored.  

Why is it important for the runner to eat food?

Since because the food he eats produces the energy and he stores the energy for later to run. 

What happens to the energy from the runner?

Um the energy since he uses it dies down so he doesn’t have as much so then he has to eat more to gain energy. 

Where does the energy go when the event ends? Can the energy be used again?  Why or why not?  
Out into the air. Well he uses it so it goes down. And so um so I think it is used for the process again. Yes. It can be used again the child will rebuild it when he eats so he can do those activities again.
Child Running: Transcript CR4

Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

The child’s body is probably changing somewhat. Because like the energy and then like he getting energy from what he’s eaten which is making his body grow.

Do any of the substances you named contain carbon?  What are they?

Yes because he breathing and just different things like that. Like food that he’s eating and stuff he is drinking. Because he is drinking pop, it’s carbonated. Because he 
is breathing different elements of the air which include carbon. I don’t know.

Process: 

Will this process change the weight of the child?

In the long terms if he kept doing activities like this it could but if it’s like once every blue moon it probably can not. 

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

They like like whatever he eaten or drinking is being used as an energy source and getting the energy to his body.  

Does this event change the air?  How? What is in the air that does not change?

Yes it does because he is breathing out more carbon than he is using.  He has to breathe the oxygen and taking it in and stuff. Nitrogen levels and things like that

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

It produces more carbons in the air. From the child, like his lung as he is breathing oxygen he is changing it and forming carbon.

How are the atoms and molecules changing in the materials that you identified?

Atoms are working together changing the oxygen that they are rearranging to form more carbons. 
Energy: 
Does this event involve energy?

Yes it does like you said earlier that the pop that the child is drinking and the food that child has ate. Is giving the child the energy to run.

Can you identify an energy source for this event?  What is it?

Food or the pop or any things he’s eaten or taken in.  Nah. 

Why is it important for the runner to eat food?

Because that gives him like the glucose he needs and the different energies he needs so that he can keep moving and doesn’t pass out.   

What happens to the energy from sunlight?

It gets used in his body to keep him moving. 

Where does the energy go when the event ends? Can the energy be used again?  Why or why not?  
As he is breathing out he is breathing out the energy he just used.  Um. Probably not because he used it up he’s using it as he is running. Like it’s being used up.  It’s not going out for other people to use.
Car Climbing: Transcript CO1

Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

The different like levels in the air of certain gases are probably growing. Because the car is giving off certain gases.

Do any of the substances you named contain carbon?  What are they?

Yes because the car will be like giving out carbon. What? Um don’t know.  

Process: 

Will this process change the weight of the car?

Yes because as you put gas into the car like it will gaining more weight but as the car is using the gas it will lose the weight.  

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

They are burned and used to make the car move. And it gives off different gases.

Does this event change the air?  How? What is in the air that does not change?

Yes it does because the air like the car is giving off different gases like carbon monoxide and carbon dioxide and different things like that. The oxygen level doesn’t 
change because the car is not using it or giving off oxygen.

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

Carbon monoxide and carbon dioxide. From the gasoline that used in the car that it burns. From the atoms in the gasoline rearranging and giving up. 

How are the atoms and molecules changing in the materials that you identified?

They are rearranging um just like rearranging I guess.  

Energy: 

Does this event involve energy?

Yes it does because the gasoline is burning and used like the car is using the energy from the gasoline burning. 

Why is it important for the car to have gasoline?

Otherwise it wouldn’t be able to move if it didn’t have the gasoline. 

What happens to the energy from the gasoline?

It’s burned up and used.

Where does the energy go when the event ends? Can the energy be used again?  Why or why not?  

It kind of just stops it doesn’t go anywhere it stays. It’s not moving its staying in the tank. Um probably not just because it’s giving off gases that we wouldn’t use for energy like carbon dioxide because that kills people so that you wouldn’t use it as energy. I guess.
Car Climbing: Transcript CO2
Process: 

What changes when this event happens?

Stuff. 

What are necessary for this event to happen?

Um. Gas. 

Will this process change the weight of the car?

Yeah. Because the gas is being burned off slowly.

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

The gasoline is being used for the car for energy and the exhaust, the rest, the by products are going into the air.  Carbon monoxide? I don’t’ know. 

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

Yeah. Gas. I don’t really know how cars work so I don’t know. 

Structure: 
Can you identify any of the substances or materials that are changing during this event?  What are they?

Air

Energy:

Does this event involve energy?

Yes.

Can you identify an energy source for this event?  What is it?

Gasoline.

Why is it important for the car to have gasoline?

To make it go. 

Where does the energy go when the car stops? Can the energy be used again?  Why or why not?  

I don’t know.

Car Climbing: Transcript CO3
Structure and Process:
Q: Can you identify any of the substances or materials that are changing during this event?  What are they?
A: I don’t know the exact composition of gasoline, but I’m guessing that gasoline is transformed to released energy. I know gasoline is a substance that has chemical forms. So probably the bonds are broken using some process to release energy. 

Q: Is gasoline transformed into other matter or is converted into energy? 

A: The gasoline itself is converted. The bonds of gasoline are releasing energy. The gasoline itself, like molecules and atoms, are probably converted, not converted, but reformed, rejoined into other substances. 

Q: Ok. Do you think this process will change the weight of the car?
A: You mean the tank is full? Oh, it will weigh more when the tank is full than the tank is empty. 

Q: Do you think it will need air to run? 

A: It needs air. 

Q: Which gas in the air does the car need to run? 

A: … … (silence)

Q: We talked about the process using gasoline and you said that the bonds of gasoline break and then make the car run. Do you think that process will need gases in the air. 

A: It needs heat and might oxygen

Q: Why do you think it will need oxygen? 

A: I know that when you burn things, you need oxygen. so… it’s burn need heat and oxygen. 

Q: So, what can be the products? 

A: Well, CO2.

Q: Anything else? 

A: I know a lot of toxic. Sulfur?

Energy:
Q: Do you think energy is involved? 

A: Yes. It needs energy to move. 

Q: Where does that energy come from? 

A: From the gasoline. I think the gasoline has potential energy. It’s released and converted into kinetic energy of the car. 

Q: All the potential energy in the gasoline will be transformed into kinetic energy? Are there any other forms of energy involved? 

A: I don’t know if there are any other forms of energy involved. 

Q: You were saying that the potential energy is transformed into kinetic energy. So after the car is running for a while, it stops. Where does that part of kinetic energy go?
A: I think it goes back to the potential energy, like be stored. It is not stored in the gasoline again. I think it is stored in the parts of the car? 

Q: OK. Before the car move, you fill the tank with gasoline. You drive the car for while. Then it is run out of gasoline. Where does the chemical potential energy of the gasoline go? 

A: It is converted into kinetic energy to move the car as possible as it could. 

Q: But now the car stops, it does not have kinetic energy. 

A: Ok. I have no idea. 

Q: Where does the gasoline go? 

A: The gasoline is released as emissions like CO2 and other toxins. 

Q: How about the potential energy of the gasoline. 

A: There is some heat, because the car gets hot. I would say, mostly heat.

Car Climbing: Transcript CO4
Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

Um. Car climbing the hill uses um the gas that’s in the car so when you press the gas pedal its uses the gas and climbs up the hill using the energy.

Do any of the substances you named contain carbon?  What are they?

Um I think gas has carbon inside of it. Um. I am not sure.

Process: 

Will this process change the weight of the car?

Um maybe slightly because when you use gas you can’t use it again so that the car will become lighter when it uses gas and you won’t have as much gas in the tank.

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

Um. The materials are all let out through the exhaust pipe and into the air. 

Does this event change the air?  How? What is in the air that does not change?

Yeah because the pollutants from the car will come out into the air and kill the trees.

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

Um yeah the exhaust that comes out of the exhaust pipe is mixed with the gas and the energy has changed. 

How are the atoms and molecules changing in the materials that you identified?

Um. How are they changed you said? Um. When the car uses the gas and the heat to get up the hill then it goes through the different stuff in the car and comes out the exhaust pipe mixes with different stuff into different substances.  

Energy:
Does this event involve energy?
Yeah the energy that it takes for the car to get up the hill. 

Energy Source?  

Heat energy?

Why is it important for the car to have gasoline?

Because it might be chemical energy because it uses the chemical gases to get up the hill.  Because the car uses the gasoline to start and run so without the car starting then it won’t get up the hill. 

What happens to the energy from the gasoline?

Um. The energy goes out into the air when you are done using it through the exhaust pipe. 

Where does the energy go when the event ends? Can the energy be used again?  Why or why not?  

When the car stops moving, it turns into potential energy until it starts again. Um in the car when it stops yes. Because when you stop the car is stored energy as potential energy so you can use it again.

Tree Decaying: Transcript D1
Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

Um. The tree doesn’t have as much oxygen so it’s dying. Er, there aren’t many leaves so it can not get oxygen from the leaves and sunlight. 

Do any of the substances you named contain carbon?  What are they?

Um. When the tree is alive it uses carbon but now since it is dying it is not using carbon. 

Process:

Will this process change the weight of the tree?

Yes because it won’t have as many sticks on it or the leaves or anything. So when its dying it’s slowly decaying so its not as thick as it would be its not as heavy. 

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

Um. The materials are changed because since the tree is not using the materials it would   normally use. Since it would use oxygen and sunlight to grow and it is not, it doesn’t change.  

Does this event change the air?  How? 

Um I think it leaves the air having higher levels of oxygen and carbon because the tree is not using it.  

What is in the air that does not change? 

The oxygen and carbon.

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

Um No. 

How are the atoms and molecules changing in the materials that you identified?

Um. They are changing because the tree since it is not going through photosynthesis it doesn’t have to go through the processes. So they don’t change very much. Like from energy they use from heat energy to like potential energy that would go into the ground with the tree.   

Energy: 

Does this event involve energy?

Yes because the tree is losing energy because it doesn’t have anything to grow so it doesn’t have any leaves to get energy for the tree to grow. 

Do you think the dead tree contains energy? 

Um yes potential energy. 

What happens to the energy of the dead tree?

Um the energy is put into the ground when it dies because the tree decays and eventually the minerals and stuff go into the ground and then some of the things that eat 
the grass like animals get the energy. 

Can the energy be used again?  Why or why not?

Yes. Because it can be used again because the animals that eat the grass and stuff can use it as energy for themselves to run around.  
Tree Decaying: Transcript D2
Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they?

The woods are changing likes it’s decaying like breaking up into pieces. The wood, I guess I don’t know. 

Do any of the substances you named contain carbon?  What are they?

No. 

Process:

Will this process change the weight of the tree?

Yes it does because the materials are disintegrating lowering the mass which lowers the weight. 

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

Like they disintegrate and you lose some of it. It can turn into dirt instead of wood.

Does this event change the air?  How? What is in the air that does not change?

Yes because it’s not using any different um atoms and um oxygen and carbon anymore like it use to. So that’s like another tree that’s not using it. The Nitrogen levels. 

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

Possibly dirt. From the tree disintegrating. Because the tree is disintegrating and forming more dirt like its  just crushing it into  little pieces.

How are the atoms and molecules changing in the materials that you identified?

They are disintegrating themselves as well because they are like dying. 

Energy: 

Does this event involve energy?

Probably not because everything is dying off so it’s not using energy.

Do you think the dead tree contains energy? 

No because it’s dead. 

What happens to the energy of the dead tree?

It’s lost like into the air.  It is just lost.  No clue. 

Can the energy be used again?  Why or why not?

No because it’s all used up. It’s all dead and everything.
Tree Decaying: Transcript D3
Process: 

What changes when this event happens?

Wood. The tree can fall and kill someone.

What are necessary for this event to happen? What are necessary for the tree to be decayed?

For the tree to grow. (Decay?) Can you be like more specific (for decay)? (OK!)
Will this process change the weight of the tree?

Yeah. Because parts are falling off or whatever. Decrease- Yeah. 

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

Because of the tree whatever it like it like dies. The tree can’t support anymore so it probably falls apart.

Does this event change the air?  How? What is in the air that does not change?

Yeah. Because it won’t be producing anymore.  This response must be different from what you have.  

Structure: 

Can you identify any of the substances or materials that are changing during this event?  What are they? 

Air.

Do any of the substances you named contain carbon?  What are they?

Yeah. The air. And the wood. Who knows. 

Energy:

Does this event involve energy?

Yeah. 

Do you think the dead tree contains energy? 

When it’s decaying or after it’s decayed and died? What? Yeah. 

What happens to the energy of the dead tree?

Nothing.  

Can the energy be used again?  Why or why not?  

I don’t know. 

Tree Decaying: Transcript D4
Structure and Process:
Can you identify any of the substances or materials that are changing during this event?  What are they?
It is cellular respiration. The carbon in glucose and the oxygen from air transform into CO2 and H2O. 

Energy:
How is energy involved? 

Energy is released from the bonds of glucose. 

What form of energy is it? 

Heat.

Answers about student levels and patterns in their responses

Card P: Transcript P1 – Student A; Transcript P2 – Student B; Transcript P3 – Student C; Transcript P4 – Student D 
Card CR: Transcript P1 – Student D; Transcript P2 – Student A; Transcript P3 – Student B; Transcript P4 – Student C 
Card CO: Transcript P1 – Student C; Transcript P2 – Student D; Transcript P3 – Student A; Transcript P4 – Student B 
Card D: Transcript P1 – Student B; Transcript P2 – Student C; Transcript P3 – Student D; Transcript P4 – Student A
Notes about student levels and patterns in their responses

Student A (Level 5)

Qualitative model-based reasoning

Separate accounting for matter and energy
Student A identifies all of the processes (both oxidation and photosynthesis) involved in the events. Distinguish between matter transformation and energy transformation in these processes. Identify all reactants and products of these processes. Correct describe energy transformation in the processes and recognize heat is released from the processes, but does not recognize that eventually, all the energy becomes heat (see the car climbing hill question). This student also holds the idea that energy is released when bonds break.
Student B (Level 4) 

School science narratives: processes changing matter and energy

Confusion about substances and forms of energy prevents meaningful use of conservation laws to trace matter or energy
Student B can identify matter transformation in the photosynthesis and oxidation, but can not clearly identify energy transformation, nor distinguish between matter transformation and energy transformation in the processes. She can Identify all reactants and products of these processes. She can not fully understand the decomposition as chemical changes, nor make connection between energy transformation and consumption with burning fossil fuels.

Student C (Level 3-4)

School science narratives about matter: Stories of events use mostly common-language names for materials without meaningful accounting for how matter is conserved or transformed

Gas exchange (O2 and CO2) is separate from accounts of what happens to food, fuel, and energy

Energy is used in ways consistent with common cultural models (energy in sunlight, muscles, motor of car, not in decaying tree), but not in ways that give it any power as an explanatory concept
Student C can not identify carbon in organisms. She holds the idea that photosynthesis is gas exchange. She understands most of molecular composition and structure of matter. So she can successfully identify energy sources across a range of processes. But, the student tends to use matter and energy conversion to reason processes.
Student C (Level 2-3)

Descriptions focus on observable macroscopic events and use mostly informal names for materials

No clear distinction among materials, conditions, and forms of energy in accounts of events

Occasional reference to internal mechanisms, components of materials
Student D describes weight as consistent and explains the event mostly based on unrelated/fragmented reasoning. He mostly focuses on physical changes and cannot relate carbon to this event. He identifies sweat as the new material and correctly identifies energy source and products as well as understands energy degradation, but does not know how the gasoline is related to CO2 and energy, nor where the energy goes. He incorrectly says plants produce CO2, and it seems that he is guessing that wood and air contain carbon. Generally, he can not explain energy transformation/ degradation.
















