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Abstract:  There is currently a great deal of interest in science curricula in which student learning

is organized around a single overarching task. One claim is that this approach can lead to a better

understanding of scientific content, where content is understood in its original, narrow sense. As

researchers, we would like to know if these claims about student content learning actually hold.

Ideally, we would be able to map out students’ changing conceptual ecologies. However, such

work is theoretically and methodologically difficult. To make this task feasible, we focus on the

recurrent functional patterns of knowledge, which we refer to as modes. Using “mode-sensitive”

clinical interviews with middle school students working with the “I, Bio” curriculum, we

demonstrate how analysis at the level of modes can capture the landscape of a conceptual ecology,

and provide a language for describing the broad sweep of conceptual changes that result from

task-structured instruction.

Introduction
In the Learning Sciences research community, there is currently a great deal of interest in science curricula

in which student learning is organized around a single overarching task. This overarching task may involve

completing a project (Krajcik et al., 1999), solving a problem (Barron et al., 1998), or designing a physical object or

device (Hmelo et al., 2000). As a group, we refer to these curricula as task-structured (Sherin et al., 2004). In

contrast, we use the term content-structured, to refer to curricula that take their organization from the structure of

the scientific discipline, as it has historically been conceptualized for the purposes of instruction.

There are a number of reasons offered in the research community for preferring the task-structured

approach. One compelling argument is that this approach can lead to a better understanding of scientific content,

where content is understood in its original, narrow sense. It is believed that, in some important respects, the content

understanding engendered by task-structured curricula will be qualitatively different than that engendered by

content-structured instruction. Because knowledge is acquired in the context of use, it is claimed that students will

acquire knowledge in a form that supports its future application to new tasks (Edelson, 2001). Furthermore, this has

entailments for how the knowledge acquired will be organized. Following instruction, students’ prior and acquired

knowledge should be knit together in a fashion that enables the right mix of knowledge being activated in the

appropriate contexts.

As researchers, we would like to know if these claims about student content learning actually hold. But

these claims, by their nature, are particularly difficult to confirm. Ideally, we would be able to map out completely

the students changing conceptual ecology – which we understand to be the collection of mental elements of diverse

types, that generates the reasoning associated with the topic of interest (Strike & Posner, 1992). We would like to

know, for any individual students: (1) What does their conceptual ecology look like prior to task-structured

instruction? More specifically, what are the conceptual elements and how do they generate reasoning? (2) What does

their conceptual ecology look like after instruction?

Answering these questions, in anything approaching a complete manner, is beyond the state-of-the-art in

our field. We simply do not have practical methods for determining students’ conceptual ecologies. (There are some

notable attempts. See, for example, Clark, submitted). Furthermore, for task-structured curricula, there are reasons to

believe that these questions will be particularly difficult to answer. In the idealized case, a task-structured

curriculum takes its structure from the overarching task that is to be completed. Thus the steps taken are steps in the

completion of the task, not steps along a planned manipulation of a conceptual ecology. This means that there may

not be a simple relationship between what students are doing in an individual lesson, and what they are supposed to

learn. Furthermore, since learning is driven, at least in part, by needs of the task, we cannot assume that learning will
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be focused and localized to some small part of an overall conceptual ecology. Even the best overarching task is

likely to place at least some idiosyncratic demands on the knowledge that students need to acquire.

In this paper, we describe our current attempts to capture the changes in students’ conceptual ecologies for

one task-structured middle school science curriculum, “I, Bio,” focused on subject matter related to human biology.

We present briefly a framework that guided our methods and analysis, and which we believe has provided a

productive a language for capturing these changes.  Though we have collected and analyzed a great deal of relevant

data, our manner of presentation in this short paper will not be systematic. Rather, our focus will be on illustrating

our perspective and approach, while presenting, at a high level, our current take on the learning that occurs in “I,

Bio.”

About “I, Bio”
“I, Bio” focuses on subject matter related to human biology (Kanter et al., 2001). The overarching task in

“I, Bio,” which typically requires about 10 weeks of class time to complete, is students’ design of appropriate school

lunch choices. In completing this design task, students are guided by the curriculum to focus on issues relating to the

use of energy by the body. Broadly speaking, there are two loci of subject matter in “I, Bio.” The first locus is an

input-output model of energy in the body. In this model, the amount of energy in food is quantified, as is the amount

of energy used up by the body.  The second locus of subject matter– which will not be a central focus in this paper–

relates to body systems, with an emphasis on the transport of the ingredients involved in energy production.  Along

the way to completing the school lunch design task, students learn the target science content by, for example, using

this content to devise a means by which to measure the energy content in food (in calories) by burning the food.

They also devise ways to indirectly measure the energy consumed by their bodies’ work (in calories) by measuring

the amount of oxygen their bodies use up.

Theoretical framework
As we stated above, it is beyond the state of the art in our field to describe the conceptual ecology of a

student, even within a limited domain. This is true theoretically, as well as methodologically; conceptual ecologies

are complicated entities, and no truly encompassing framework and vocabulary exist. The start we propose to make

here, while in some respects encompassing, is modest. In particular, we attempt to make progress by introducing just

two theoretical notions. (For more on our framework, see Sherin et al., to appear.)  First, we see a conceptual

ecology as consisting of many elements of diverse types, including simple conceptual schemas (e.g., diSessa, 1993),

fact-like commitments, and simple mental models. For example, in the case of human biology, virtually every

student that we have interviewed has, at some point, asserted the simple commitment that “milk makes bones

strong.” And, in most cases, students appear to possess simple mental models of parts of the human body, such as

the heart.  However, although we acknowledge that this great diversity exists, we use the word node to refer to all

such knowledge elements.

Our second move is a bit more novel, and does more to differentiate our approach from that of other

researchers. We use the word mode to refer to a given pattern of activation of nodes. The idea is that, given a

question or other kind of prompt, some subset of nodes will be activated, with some pattern of connections among

them. Furthermore, in some cases, these patterns will be recurrent, and will be associated with some recurring kinds

of cognitive tasks or functions to be performed. These function-associated recurrent patterns of activation of nodes

are the modes.

The primary claim of the present work is that a focus at the level of modes can make our task possible; it

can make it possible for us to, in a manageable way, paint a broad picture of the conceptual ecology and how it

changes. In this paper, we focus on three modes that we determined are relevant to the learning that goes on in “I,

Bio.” The first two modes, the healthy/unhealthy mode, and the weight control mode, are both modes that are

prominent prior to instruction. The last mode, which we refer to as the I, Bio mode, can be thought of as one piece of

the target of the “I, Bio” instruction. Here we briefly introduce these three modes, before further elaborating on them

in the sections that follow.

 The healthy/unhealthy mode. Students entering instruction in “I, Bio” have knowledge that serves the function

of allowing them to designate foods or activities as healthy or unhealthy. For example, given some selection of

foods on a menu, a student can say which ones are healthy, and a little about why they are healthy or unhealthy.
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 The weight control mode. Like the healthy/unhealthy mode, this mode allows students to choose among foods

and activities. But here the mode makes choices with a particular concern to maintaining or reducing weight,

rather than with a broader focus on “being healthy.”

 The I, Bio mode. This mode can, roughly speaking, be associated with the input/output model of energy that “I,

Bio” is intended to teach. As students learn about this model, they learn to think of food as containing energy, in

the form of calorie-bearing macromolecules, and it is this energy that is added to the body’s energy stores.

When the body does any kind of work, also measurable in calories, the body’s energy stores decrease.

Once the I, Bio mode is acquired, it can partially subsume the two pre-existing modes, and can integrate

these two modes around the notion of energy. For example, if there is a difference between the input and output of

energy, then the body’s energy stores will increase. Since these stores have mass, the body’s weight will increase. In

this way, the functions of the weight control mode are subsumed. Similarly, the I, Bio mode’s input/output model of

energy can partly subsume the functions of the healthy/unhealthy mode insofar as healthy choices about diet and

activity are choices that keep the body’s level of energy stores constant. (Choices that result in chronic net energy

increases are responsible for obesity and its health consequences.)

Methods: Mode-sensitive Clinical Interviews
In line with this theoretical focus, we attempted to design interview protocols that would be revealing of

these and other modes. The design of our protocol began, in part, with our guesses about the modes that would exist

before and after instruction. But we also wanted to be open to discovering alternative modes or patterns of

knowledge organization. For this reason, all of our interviews were conducted in the style of clinical interviews. We

allowed the interviewer the freedom to ask follow-up questions, and pursue interesting leads, when it seemed

merited during the interview. In addition, we always began a line of questioning with minimal prompts, designed to

minimize any possible initial interviewer bias in cuing a mode. For example, we began every interview by asking

students to imagine that there was a student, just like himself or herself, who wanted to stay healthy. We then asked:

“What choices should this student make in order stay healthy?” We then added additional prompts, narrowing the

focus. As a first follow up, we presented students with a set of nutrition labels for foods and similar labels for

activities that included energy expenditure values.  Prompts that followed further narrowed the questioning based on

students’ initial responses. We also asked, in later parts of the interview, other types of questions, such as questions

about specific body systems, and questions about specific instructional activities students had completed in class.

For the analysis described below, we draw from 17 matched pairs of pre- and post-interviews, approximately 30

minutes in length, collected during three “I, Bio” enactments.

Results: The Conceptual Ecology and How It Changes
In this section, we describe our attempts to study the changes to the conceptual ecology, and to the modes

specifically, that occur as a result of instruction in “I, Bio.” These changes are, to a great extent, captured by the

three modes described above. Students begin with the healthy/unhealthy and weight control modes, and they

develop the new I, Bio mode. To some extent this was anticipated by us and built into the design of our mode-

sensitive clinical interview. As stated above, we began with guesses about what modes will exist. But there were

also discoveries, some of which were unexpected. For example, we uncovered quite a bit of complexity in this broad

sweep of changes to modes, particularly with regard to the manner in which the three modes co-exist following

instruction in “I, Bio.”

Our conclusions were reached by looking across all of our pre- and post-interview data. In doing so, we

were looking to confirm the existence of specific functionally-bounded modes. In this paper, however, we skip

directly to elaborating on our final conclusions, which we do by presenting illustrative examples drawn from three

students’ pre- and post-interviews.  These examples are chosen to illustrate the three modes, with an emphasis on the

complexity of the manner in which these modes co-exist following instruction.

The healthy/unhealthy mode
The healthy/unhealthy mode is very much concerned with making distinctions between the good and the

bad. It functions to categorize food and activities as either healthy or unhealthy. It is relevant to a wide range of

judgments that students learn to make; any food or activity choice can potentially be assessed in this way. But it

covers this range in a very shallow manner. The first questions asked in the pre-interview evoked this mode for just

about every student interviewed. Recall that, in the first question in the interview, we asked students to tell us what

295                                             ICLS 2006



choices they would make for a hypothetical student “to keep that student healthy.” The following is the first part of

the response given by one student, Darren:

I: What kinds of things do you think this boy should do? What kinds of things do you think he

should do to keep him healthy for the next couple of days?

D: Exercise and eat well.

I: What do you mean by eat well?

D: Um, less junk food, more healthier.

I: Like what would be healthier?

D:  I don' t know like vegetables.

Like Darren, all students quickly began listing foods and activities that are healthy (e.g., vegetables,

exercise) and unhealthy (e.g., junk food, watching television). However, they usually had little in the way of

explanation to back up these judgments aside from simple assertions. For the case of unhealthy foods, students

generally mentioned items from a short list of constituents that make food unhealthy. Fat and cholesterol were two

popular candidates, as per Talia’s pre-interview:

T: Um, I would probably tell her to eat healthy food, healthy foods, exercise. And that’s about it.

I: What is it about the healthy foods that makes them healthy?

T: Yeah, because, if you eat, like, a whole bunch of fried foods, your body won’t stay healthy.

I: Why not?

T: Well, because it has a lot of cholesterol, salt and stuff like that.

When asked to elaborate on why these constituents are bad, Talia stated only that ingesting these ingredients could

make you feel sick or generally unwell.  When asked to elaborate, most students operating in this mode, would

simply note that it contains one of these bad ingredients. When asked to explain why a food is healthy, students had

even less of an explanation. For example, when Talia was asked what is in salad that makes it healthy, she

responded, “the lettuce, like vegetables, stuff like that,” which she reported she just knew the body needed because

she’d been told that “it’s good for you.”

The weight control mode
As stated above, we postulated that students would have available a distinct second mode whose function

was to govern choices made when someone is trying to lose weight or “on a diet.” While it is related to the

healthy/unhealthy mode (both are centrally concerned with food and activity choices), we saw evidence that this

weight control mode is functionally distinct from the healthy/unhealthy mode.

One way that the difference between modes was manifested was in the specific food and activity choices

made by students. Recall that students were shown a set of “nutrition” labels for both foods and activities and were

asked to use them to make choices. When directed to focus on issues related to weight as a proxy for health, students

chose very different food and activity choices than they had when reasoning in the healthy/unhealthy mode. Students

focused their judgments primarily on just foods and on the constituents of food they associated with weight control.

For example, students frequently mentioned fat as the primary consideration. The following are examples from

Darren and Talia’s pre-interviews:

I: What is it about these different choices you made about foods and activities that would change

his total weight?

D: There is less total fat.

T: Okay, like say cheeseburger for instance, that’s your favorite food and you eat that like 24-7,

eat that, eat that, you will gain a lot of weight because it has 18 grams of fat, and I am not

saying that is a whole lot of fat but, it is, like, a lot, and if you eat a lot of it, like the 18

multiplies you will get a lot.

I: So, it is mostly the fat on the foods that has to do with how fat you are?

T: That’s what I think.
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The difference in how fat is understood here and in the healthy/unhealthy mode is subtle but evidence of

distinctly different knowledge elements in action. In the healthy/unhealthy mode, fat was to be avoided because it

and other food constituents, like salt or cholesterol, generally led to sickness or discomfort. Here, it is instead

directly related to increased weight.

Precursors to the I, Bio mode
In our pre-interviews, we also sought to attend to the extent to which students might show evidence of an I,

Bio mode prior to instruction, or a mode that might be its precursor.  Therefore, we tried to give students as many

opportunities as possible to evince the sort of reasoning supported by the I, Bio mode. This often involved asking

students, in various ways, to think about energy. In most cases, however, students assimilated these questions about

energy into the framework of the healthy/unhealthy mode. In particular, energy was associated with the healthy,

positive outcome in this mode: if someone eats healthy foods and engages in healthy activity, then the result is that

they “have more energy” or “feel more energetic.” For example, Talia answered:

I: What about, some kids said that they were mostly worried about her energy to keep her

healthy? What do you think about that idea, worrying about energy to keep her healthy?

T: Well, okay, if she has low energy, she wouldn’t be able to do a lot of things like get up. Like, if

she has really low energy and she doesn’t do anything, and she just likes to eat a lot, and lay

down ‘cause she doesn't have a lot of energy, sleep a lot, then, I don’t know, but she’d

probably get sick.

I: Would you change your choices to give her more energy?

T: Well, she probably needs to get about 8 hours of sleep, 9 hours of sleep. Not too much over

that. Then she’d probably need to get up, eat some fruit in the morning…

One feature of Talia’s comments is particularly telling, and of particular import for the learning that must

occur in “I, Bio.” Note that when asked what choices she would make to give someone more energy, she said “8

hours of sleep, 9 hours of sleep.” This is strongly indicative of a framework in which energy is associated with how

one feels, rather than the understanding of biological energy that is central to the I, Bio mode.  While we did find,

looking across students, that there was a general absence of the I, Bio mode prior to instruction, there was a minority

of students who reasoned in a manner much closer to the target I, Bio mode when directly prompted to reason about

energy. This was the case for Darren:

I: I mean what do you think about that idea about worrying most about his energy level?

D: I said that I chose some foods because it had more carbohydrates.

I: So what does that have to do with it?

D: It’s sugar that you burn first if you have more energy.

I: What do you mean by first?

D: Before you go into your energy store from previous days.

I: So you can store energy, did you say?

D: Yeah. … If you don't use it up by the end it turns into fat and you can use it if you run out

another day.

When Darren was asked to focus on energy, he displayed a model much closer to the energy input/output

model targeted by the “I, Bio” curriculum.  In his model, carbohydrates go in and can be used as energy right away.

If they are not used, then they can be stored in the form of fat.  However, this finding was not typical, and most

students prior to instruction answered like Talia, above.

The conceptual ecology of students after “I, Bio”
Generally speaking, if the learning is successful, then we would expect the I, Bio mode to take over some

of the functions that were performed by the healthy/unhealthy and weight control modes. For students such as

Darren, this means this mode would need to be strengthened, and its range extended. For example, Darren only

appeared able to employ the I, Bio mode when specifically encouraged to reason about energy. We would like him

to reason in this way more frequently when reasoning about the healthiness of diet and activity choices. However,

we expect that, after instruction, the healthy/unhealthy and weight control modes will still remain but play a more

limited role. Note that the “I, Bio” curriculum focuses on the energy content of food, and is comparatively silent

about other important aspects of nutrition, such as the need for certain vitamins and minerals. This means that there
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are real questions about nutrition that simply are not addressed by the I, Bio mode. Similarly, in the I, Bio mode

sleep comes to be treated as an activity that uses up energy, even while it remains important for good health.

After instruction, we saw substantial variation across students in the extent to which these changes actually

occurred. There were students who began the curriculum without any hint of the I, Bio mode, and the curriculum did

little to change this. For Lara, the healthy/unhealthy and weight control modes still governed much of her reasoning

post-instruction.

L: Make sure you eat all the right foods. Like milk, vegetables meat… Maybe not too much

fattening food. Brushing your teeth of course. And milk also makes your – will make your

teeth stronger…

I: Milk makes your teeth stronger?

L: Yeah, cause it makes – it has calcium, and that’s what you need for your bones … Meat for

your protein. And fat. And vegetables for vitamins, and so are fruits.

Furthermore, when talking about energy, Lara answered using her healthy/unhealthy mode. She still associated

energy with “feeling energetic,” and attributed this to various “healthy” constituents of food.

I: You said vegetables are good because they have vitamins in them? Is that right? (L. nods) And

why is that good?

L: Like to give you energy, I guess. Or. Like iron. I don’t – I forgot - My mom told me what iron

is in, but I forgot what it was. And iron gives you energy.

In contrast, while Talia also showed no evidence of an I, Bio-like mode prior to instruction, she seemed to

make substantial progress in acquiring the I, Bio mode. In her post-interview, Talia’s healthy/unhealthy mode is still

evident, but it now involves energy in a more central role.

T: They should, like, …  eat the right kinds of food, well that’s not really certain kinds of foods

you can eat, but eat food, certain amounts of food. And, then work it off by exercising.

Because the food gives you energy so you’ll have energy to do stuff, but if you don’t eat

you‘ll kind of get weak and then you won’t get healthy.

I: And you said something about energy and exercise works off energy? … So the food gives

you energy too?

T: Yeah. The food is like your energy ‘cause… So, like, if you, when the food goes in, certain

food stays in and it’s used for work energy. And certain food is just dropped, whatever your

body doesn’t use or whatever your body doesn’t really need, it likes comes out.

I: Work energy, what does that mean again?

T: It’s, like, what your body does. So whatever comes, like, if I haven’t eaten a lot in a long time,

I’ll probably be weak, or this person, if this person hasn’t ate in a long time, this person

wouldn’t have as much energy as I would.

We take Talia to be something of a success story. However, there are some ways in which her new

conceptual ecology still differs from our ideal. Note for example, how, in her first statement above, Talia says:

“Because the food gives you energy so you’ll have energy to do stuff, but if you don’t do eat you’ll kind of get

weak.” Thus, she still associates energy with feeling weak. This is also reflected in her last statement: “If I haven’t

eaten a lot in a long time, I’ll probably be weak, or this person, if this person hasn’t ate in a long time, this person

wouldn’t have as much energy as I would.”  For many students, these dual meanings of energy continued to co-

exist. Also, many students continued to treat the fat content of food as a more central consideration than

energy balance when reasoning about weight gain. For example, although Talia’s post-interview reasoning is

mostly in line with the I, Bio mode, she briefly references  fat:

I: Suppose there was someone that was worried about their weight…. How might that effect what

they picked to eat?

T: Like, okay, an apple for instance – 0 grams of fat, spinach – 0 grams of fat. I wouldn’t

recommend a cheeseburger or brownies because 36 grams of fat, and if she is trying to lose

weight, or trying to stay the same, she – okay, if she wanted to stay the same, she could eat a
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brownie, if she wanted to, which is 720 calories, one big brownie. But then if she wants to

work that off, I mean, if she wants to stay the same, she can do some activities…

This is also the case for Darren. Even though his knowledge improved, he still retained some indistinct boundaries

between his I, Bio and weight control modes:

I: Oh okay...so I think when you were saying calories before, you were talking about gaining

weight, and now you are talking about getting energy.

D: More fat for gaining weight I was ...would be more accurate I think.

Discussion and Conclusion
In this paper, we set out to understand the changes in conceptual ecologies as a result of learning with a

task-structured curriculum. We hope to have shown that it is possible to capture much of the broad sweep of these

changes by focusing on what we call modes. For “I, Bio,” the story we developed begins with the healthy/unhealthy

and weight control modes. Both of these modes serve the function of judging diet and activity choices as either good

or bad. However, neither is capable of providing much in the way of explanatory depth. When instruction in “I, Bio”

is successful, students develop a new mode that largely subsumes and extends these functions. In this mode, energy

takes on a central role as the construct underlying explanations. In the examples we presented, we also attempted to

show how all three modes co-exist (sometimes uncomfortably) following instruction in “I, Bio.”  We believe that

this is a promising start. While much remains to be done, we are optimistic that, with further application and

refinement of the analytic tools and constructs discussed here, significant headway can be made both in mapping

conceptual ecologies and assessing the learning that happens in task-structured curricula.
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	Before presenting the results of the detailed analysis on the influence of the individual items and passages on item difficulty, we present the overall, average passage features of the GMRT in Table 1. As indicated, the GMRT is comprised of passages that
	Table 1 Overall passage features used in the GMRT form K and L

	The results of the main analyses are described in two sections: 1) the effect of the nature of individual questions (question stem and answer options) on item difficulty, and 2) the effect of passage characteristics on item difficulty. Item difficult
	The Nature of Individual Items (Question Stem and Answer Options)
	First, we analyzed the item difficulty in terms o
	Table 2: Item difficulty as the function of information abstractness
	Table 3 shows item difficulty as the function of the degree of inference necessary to answer questions about a passage, in other words how much the question content is changed from the passage content. A one-way ANOVA indicated that there were no differe
	Table 3: Item difficulty as the function of degrees of inference necessary to answer the questions
	Finally, we examined whether item difficulty was 
	Table 4: Item difficulty as the function matching between the stem and passage
	Overall item analyses with three different types of coding based on the processing required for answering questions indicated that the nature of the question item is not the primary factor moderating item difficulty in GMRT (7/9th grade) forms K and L.
	Following the classification system of Embretson and Wetzel (1987), we analyzed whether confirmability of the target answer and/or falsifiability of distractors based on explicit passage content affected item difficulty. An examination of item difficul
	The Nature of Passage Characteristics
	We correlated item difficulty with several key passage features derived from Coh-Metrix. The correlations are presented in Table 5. The correlations reveal several interesting findings. First, word frequency minimum, a measure representing average lowest
	Second, a significant, negative correlation between item difficulty and the average number of words per sentence for an entire passage suggested that items based on a passage with long sentences tended to be more difficult. A significant, positive correl
	Adjacent argument overlap, an index of local text cohesion, was negatively correlated with item difficulty, suggesting that passages with greater local cohesion tended to be associated with more difficult questions. This finding is contrary to the predic
	Table 5: Correlation between key passage features and item difficulty parameter

	Discussion
	This study examined whether question and passage attributes of the GMRT for 7/9th graders affected item difficulty. None of the individual item features were found to be systematically related to item difficulty. There are two possible explanations for t

	Passage attributes appear to override the effect of individual question features in the GMRT. Item difficulty was correlated with minimum word frequency and sentence length in the theoretically predicted direction. A negative correlation was found betwee
	The unexpected findings for argument overlap and number of propositions may be due to peculiar features of the passages used in the GMRT. Shorter passages in the GMRT tended to be composed of longer sentences (e.g., a 90-word passage composed of only tw
	Overall these findings have two important implications with respect to learning science. First, the GMRT primarily assesses reading comprehension ability based on lower level processing proficiency (vocabulary and individual sentence processing) since 
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