Interview Questions and Students’ Stories
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Little acorns can grow into big, heavy oak trees. Where does all the mass (wood) of an oak tree come from?  Here are four possible answers to the question:

Beatrice: The tree makes its own wood, and the mass of the wood—the atoms that it is made of—has to come from somewhere.  I think that water and soil nutrients are the “ingredients” that the tree uses to make wood, so the mass of the tree comes mostly from water and soil.  The tree also uses sunlight for energy and carbon dioxide in the air for breathing, but they don’t contribute much to the mass of the tree.

Brian: When a little acorn grows, it becomes bigger and bigger. When the tree becomes bigger, it will have more wood. The tree needs many things or conditions to grow bigger: sunlight, water, air, and soil. Sunlight keeps the tree warm. It drinks water, so it will not feel thirsty. It breathes in air, so it won’t suffocate. Soil keeps the moisture for the tree. The tree also gets water from soil. When the tree is in good and comfortable conditions, it grows bigger and bigger. When it grows bigger, it becomes heavier and has more wood. 
Richard: The mass of the wood has to come from somewhere.  I think that the mass comes mostly from carbon dioxide in the air.  The carbon dioxide is combined with water through the process of photosynthesis to make sugar (glucose) in the leaves of the tree.  The sugar travels to all the other cells of the tree.  As those cells grow and divide, they make all the other materials in the tree from sugar and soil minerals (including starch, cellulose, fats, and proteins).  
Adrienne: The wood of an oak tree doesn’t really “come from” anywhere. The tree makes the wood itself.  The tree uses some things as it makes the wood: sunlight, water, air, and minerals or nutrients in the soil.  Those things are not wood, though. So the tree uses them to make its mass.  It uses sunlight and soil nutrients for energy.  Energy powers the process of making wood. 

Richard’s story (Level 4 in our Learning Progression framework) is the level of understanding that the current National Science Education Standards say all high school graduates should have, but we have found that less that 10% of college science majors can tell Richard’s story accurately.  Most of the remainder of college science majors are at Level 3 (Beatrice’s story), but some are at Level 2 (Adrienne’s story).  For middle and high school students, most are at Levels 1 or 2 (Adrienne’s story and Brian’s story). 
This interview will enable you to see what kind of stories your students tell about trees growing and other carbon-transforming processes.  They include several different kinds of questions:

Questions that elicit students’ accounts or stories: We would like the students to tell their stories in as much detail as they can manage.

Association (alike and different) questions:  Students often group things quite differently from scientists.  Some Level 2 students like Adrienne, for example, may think of gases as more like forms of energy like heat or light than like solids or liquids.  

Tracing (connections) questions: Scientists and students like Richard make sense of processes by tracing matter and energy through them.  Level 3 students like Beatrice may try to do this, but not very successfully.  Level 2 students like Adrienne are more interested in tracing sequences of cause and effect than they are in tracing matter and energy. 
Structure and vocabulary questions: We are interested in how students understand the structures of systems and make sense of and use key scientific terms, but it is better not to introduce them or ask about them until after students have told their stories in their own words. 
Techniques for conducting interviews

Dos

1. Move from vague general questions to more specific probes:

a. Start with vague general questions like the initial questions in the interview protocols below.  These questions give students a chance to explain the process in their own terms.

b. Do use neutral probes to ask the interviewee to give more explanation, if you think that he or she has more to say. 
Example: Could you give more explanation? What do you mean by that? 
c. Do use more specific probes to ask the interviewee to explain the terms s/he used.  If the interviewee uses food, energy, nutrients, grow, making food in his/her explanation, ask the interviewee: what do you mean by…? You can also ask more follow-up questions to make sure that the interviewee tell you all about his/her ideas. Examples: 
What do you mean by “food”? Do you think that water is food? Why? 
What do you mean by “making food”? How is that different or similar to how your mom makes food in kitchen? 
What do you mean by “grow”? Is it just change of size? 
d. Finally, ask about specific scientific terms that the student has not used.  Example: 

Have you ever heard of photosynthesis (or glucose, molecules, carbon dioxide, etc)?
Do you think it plays a role in the tree growing?  
How would you include photosynthesis in your explanation?
2. Do follow the sequence of questions listed in the protocol. 

Don’ts

1. 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. 
2. Don’t talk too much.
Too much talk will produce redundant information, which brings a lot of work in coding. It sometimes also provides students clues or hints and directs them toward more sophisticated explanations. 
3. Don’t re-voice what your interviewee said. Instead, ask probing or clarifying questions (see Do’s 1 and 2 above). 
4. Don’t tutor your interviewee.
This became a serious problem when we were coding this year’s data. In several interviews, the interview used scientific terms the interviewee never mentioned. Then the interviewee confirmed what the interviewer said. 
Example of Good Interview 

	INTERVIEWER: What happens to the food inside the girl's body?

	STUDENT: It stays in your stomach and all of the nutrients that sends up to your body and everywhere that you need it.

	INTERVIEWER: What happens to food when it reaches where it is needed?

	STUDENT: It basically settles in your stomach and then there’s acid in your stomach and it breaks it all down.

	INTERVIEWER: What comes out of that? 

	STUDENT: It separates the nutrients and the stuff that you don’t need anymore.

	INTERVIEWER: Where do those nutrients go?

	STUDENT: The nutrients, it goes to the parts where you need it in your body, for energy and for health and all of that.

	INTERVIEWER: Do you know one place where the food goes and how it gets there?

	STUDENT: I know it travels through your intestines.

	INTERVIEWER: Does the girl’s body use food for energy?

	STUDENT: It uses the stuff that is energy that helps you, like for candy, sure the sugar makes you hyper but then it settles you right down. With healthy foods, it keeps you active until the day ends, basically.

	INTERVIEWER: How about water, does the girl’s body use water for energy? [0:12:09.4]

	STUDENT: Yeah because if you’ve been running and you feel that you need something to drink, you might get dehydrated and you can get sick.

	INTERVIEWER: How about, you said somebody cares for the girl or for the child, do you think somebody gives the child energy?

	STUDENT: They don’t basically give it energy, but sleep helps you with the energy, and your parents put you in a bed at a certain time, and that helps you get energy.

	INTERVIEWER: Is food always necessary for people to grow?

	STUDENT: Yeah because if you don’t have food, then you’d starve to death, we because we have to live with food, it provides energy, nutrients, and stuff so we don’t get sick.

	INTERVIEWER: What are the nutrients that provide energy, that are in food?

	STUDENT: Sometimes there’s vitamins, basically all that, like medicine and stuff.

	INTERVIEWER: Some people also say that exercise and air helps the child to grow, do you think that is necessary for a child to grow?

	STUDENT: Yeah because air we need to live with, because that’s what we breathe, and for exercise it burns all of the sugary fat, and so you’re not as heavy. [0:14:26.2]

	INTERVIEWER: Do you know what is in air that makes the child grow?

	STUDENT: No I don’t.


Examples of Bad Interviews

Example 1. Two interviews conducted in one room. Most of students’ answers were inaudible. 

193
INTERVIEWER: What kind of fire?

194
STUDENT: Like outside or (inaudible).

195
INTERVIEWER: Any other time?

196
STUDENT: (inaudible).

197
INTERVIEWER: Okay. So now we got the campfire and candle. What do you think they need to keep burning? What do you think that campfire needs to keep burning?

198
STUDENT: Wood.

199
INTERVIEWER: Okay. We need wood to keep that campfire burning. Anything else, is it just the wood?

200
STUDENT: (inaudible) keep it burning.

201
INTERVIEWER: All right. So how does the wood or fuel source help it burn?

202
STUDENT: (inaudible) cause something will burn on like (inaudible). 
Example 2. Interviewer reiterated the interviewee’s answer and changed the meaning. 
1
INTERVIEWER: Okay. So we’ve got handy dandy pictures here. Okay. So it’s a small tree that was planted in a meadow. And after 20 years, it grows into this big tree weighing about 500 pounds or more when it was - then when it was planted. I’ll have you take a closer look there. And so, can you tell me what the tree needs in order to grow? To go from that small sapling to that large oak tree?

2
STUDENT: Well it’ll need water. Then it’ll get nutrients from like the ground. And then it’ll need carbon which it’ll convert into oxygen. And I don’t -

3
INTERVIEWER: Okay. No problem. All right so; you said that it needs water, nutrients from the soil and oxygen - carbon dioxide. 

4
STUDENT: Yeah.

5
INTERVIEWER: It needs to turn into oxygen from the air in order to grow. All right, so let’s start with water. So how does water help the tree to grow? [0:03:03.2]

6
STUDENT: I don’t know.

The interviewer changed the meaning when repeating the student’s answer. 

Good questions: Do you mean convert carbon into oxygen? What do you mean by that? 

Example 3. Tutoring interviewees
69
INTERVIEWER: So the tree dies and it falls over in the forest and then it gets really sometimes, well most of the time it gets really soft and squishy and if you stepped on it … have you stepped on or kicked a real tree when it was alive, it's really hard, it might actually hurt your foot depending on how hard you hit it. Well, if you kick that you would probably kick through the tree when it's dying, when it was dead, it's rotting, it's that soft. And so what happens to the wood of the tree when it decays? (0:17:34.8)

70
STUDENT: It gets old and it loses all of its energy and it nutrients and it starts slowly decaying.

71
INTERVIEWER: What do you think is causing the tree to lose all its nutrients and ooze out? 

Interviewer should follow the interview protocol and ask “what cause decay” rather than asking what cause losing nutrients/energy, because, for students, losing energy/nutrients is the reason of decaying. In science, we don’t ask what cause losing energy. We focus on how the process happens. 

The appropriate questions are: How does this process/change happen? Could you give more explanation about how the change happens? 
72
STUDENT: It's getting old and it losing all of its energy and its branches are falling off and its leaves are hitting the ground and. (0:18:11.3)

73
INTERVIEWER: So do you think anything is causing the tree to lose all of its energy, to lose all of its leaves, anything acting upon it? Like some people have mentioned animals or even like rain or insects, do you thing those?

1. Losing energy and losing leaves have different causes. The interviewer should follow the protocol rather than make up questions. 

2. Don’t ask two questions at the same time. 

Appropriate question: Some people said that insects or bacteria cause the tree to decay. Do you agree? Why? 
74
STUDENT: It doesn't get enough sun and/or water and it starts dying slowly because it doesn't get what it needs to grow.

75
INTERVIEWER: So that's when the tree has died, but how about when it is dead already because when it is decaying it is already dead. What do you think is causing it to break down?

76
STUDENT: (inaudible - 0:18:58.7).

77
INTERVIEWER: Alright. Well, so but do you agree with me that the tree is breaking down during this process?

78
STUDENT: Yeah.

79
INTERVIEWER: But you do, but there is, even though we don't what might be causing the change, do you agree that there is a change happening?

80
STUDENT: Yeah.

81
INTERVIEWER: From that big strong tree to that little soft one?

82
STUDENT: Yeah.

The interviewer mentioned the term and “forced” the student to agree. 

Ask follow-up questions based on students’ previous responses. 





Ask the interviewee to explain the word he used. 





Ask follow-up questions, when the student’s explanation is not detailed enough. 








