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ABSTRACT

TEACHING WITH AND WITHOUT MIRRORS:

EXAMINING SCIENCE TEACHING IN ELEMENTARY SCHOOL

FROM THE PERSPECTIVE OF A TEACHER AND LEARNER

by

Margery Diane Osborne

This thesis is about how relationships-between subject matter and teacher, subject

matter and children, children and the teacher-are constructed in the context of teaching science

in the lower elementary grades. Relationships are dynamic and shifting. Rather than try to

characterize them, it is easier to try to characterize their dynamism—how they change. Therefore

this thesis is a study of how relationships evolve, how they are initiated and how they change

over time as the components interact and effect one another.

I have been teaching science in a school with a highly diverse population. In this thesis I

have used transcripts of those classes to reflect upon the nature of teaching and upon the

relationships involved in teaching. I ask the question: "How is a practice, based upon certain

ideals about science, children and learning constructed?"

As people develop relationships they learn, they develop a purpose, methods and

methodical ways of interacting. These methodical ways of interacting define patterns that enable

our relationships. In particular, they allow us to understand each other and the purposes behind

what we are doing. Methodical actions and method are at the heart of relationships: they are at

the heart of science and also of teaching. They enable the construction of a community in the

class-a relationship among diverse people enabled by a common pursuit. Method allows people

to understand each other and live together even when doing, thinking, desiring very different

things. It allows people to appreciate their differences as well as their similarities.



But method is seductive—it stops our thinking as well as enables our thinking. To act

methodically means we are acting in expected ways. We aren't thinking about our actions. We

are rather thinking about the outcome of our actions. When doing this we forget the

assumptions, the value choices hidden within the things we are doing. Action becomes oriented

towards a goal, towards the future, towards realizing a purpose. Method allows one to live

within a relationship without thinking about it, but at the core of science and teaching is a

questioning of relationships-a need to see and develop new qualities. To be able to do this

necessitates a recognition of assumptions and a questioning and re—evaluation of them. It

requires that those living within relationships periodically de—construct them and rebuild them

differently.

Much has been written about what teachers need to know about children, diverse

learners, subject matter, teaching skills. Little has been written about how a teacher changes as

she tries to act upon that knowledge-how as she translates her knowledge into actions and

interactions, it changes as the teacher is confronted with the demands of a complex situation. As

the children interacting with the science are confronted by things that they don't know or things

that they need to know differently, a teacher as she interacts with the children or with the subject

matter discovers things that she doesn't know and she must act to change her practice and the

knowledge that practice is based upon. This means fundamentally rethinking the value choices--

emotional and moral as well as intellectualuupon which the knowledge is constructed. This

thesis is an attempt to trace the course of this cycle of thinking, knowing, and learning for one

teacher—myself.

I explore this through my interactions with children and a variety of phenomena—sound,

music, gravity, soap bubbles and dinosaurs. Each chapter of this thesis recounts a story of these

interactions and developing relationships. Bach addresses the question of how teaching practice

is constructed and also altered and evolved as these relationships develop.
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CHAPTER 1

INTRODUCTION: THE SUBJECTOBJECT RELATIONSHIP

IN TEACHING AND SCIENCE

This thesis is about method; method in science, in teaching, in research, and in presenting

that research. In order to make that assertion I need to write first about what I mean by method-

what I think method is-—and how my thesis will illustrate and illuminate my definitions.

Method is first of all doing something; purposeful action. But doing what to what? In

this thesis, I will be talking about two things: doing science, doing teaching, with a number of

different objects (who am I doing it to, for, with) and a number of different purposes which may

or may not overlap for the two things. Are the things that I am doing (science, teaching) the

object of the subject/object relationship? Is the purpose the object or maybe some "other" like the

children I am doing science with and am trying to teach? My inability to define an "object" is not

because there is none but rather because the object is a shifting one. At times it is the children or

the particulars of the science or the purpose behind the things I am doing. At times it is the doing

itself. I think this is in part because of the complexity of the context for the actions that I am

calling method—I am "doing teaching" in a context of a particular subject matter, I am "doing

science" in an environment shaped by particular children and a purpose framed by the word

"teaching." Doing science and teaching are overlapping and each creates a lens through which

the others are constructed and reflected upon. In a relationship between, say, the subject matter

and myself, acted upon within the context of teaching, the relationship becomes one between the

subject matter, myself and the children. If we say, in this instance, the object is science, the
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subjects are multiple and interacting. They interact through a dialectic of subject and object,

between children and myself, the science and myself, the science and the children.

It seems though that I have defined five aspects that method has: purpose, subject, object,

audience, action. I would propose that it is the interrelationships between the first four that

determine action. And at the basis of method is the subject/object relationship. That relationship

is fundamentally shaped by audience and purpose. Before I discuss this further however, let me

situate this thesis within the larger educational research community.

This thesis speaks to a number of communities. By speaking to and with these

communities, I am joining conversations in these communities. There is a logic in the thinking

which links my participation in these conversations and this logic in turn is underlain by my

thinking about this subject/object relationship. I will write a bit about how I think my thesis is

part of three conversations in the education community and then I will talk some more about my

ideas about the subject/object relationship and why this needs to be considered in order for me to

think meaningfully about these conversations. The conversations are:

0 The learning science conversation, particularly the misconceptions interpretation of

learning. A sub-conversation here is the knowledge children bring with them and

what teachers ought to do with that knowledge.

0 The teacher knowledge/learning conversation and the idea of pedagogical content

knowledge. This has implications for teacher educationnwhat prospective teachers

should be taught in their pre-service programs.

0 The socio-cultural learning conversation, particularly the idea that, for cognitive and

emotional reasons, learners' cultures must be incorporated, somehow, in both the

curriculum and the teachers' pedagogy.

- The learning science conversation, particularly the misconceptions interpretation ofteaming. The

literature of this community addresses the way that phenomena are understood by both scientific

means and by the practical, commensensical, empirical ways that people make sense of the

world. The latter are termed "naive" understandings or misconceptions in this literature. These

naive understandings are often inconsistent with each other and the scientific canon and are

judged scientifically incorrect. In order to be able to teach the "correct," scientific understandings

of phenomena, the "naive" understandings have to be directly addressed and the student has to
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become cognizant of how these "understandings" don't worknare insufficient in certain contexts

to explain the phenomena. This theory of learning and the derived theory of teaching owe a lot

to cognitive studies (Piaget, 1972; Vygotsky, 1978) and especially to Thomas Kuhn (1970) and

other pragmatists.

Teaching prospective teachers (or people in general who know very little about the

workings of the science community) this interpretation of children's mistakes in science tends to

reinforce these people's beliefs about the nature of scientific knowledge. That is, many may

already believe that scientific knowledge is "hard," is indisputably established, can be augmented

and expanded but not refuted and revised, reflects transcendent "truths" about the universe

rather than soft transcendences about our own (people's) beliefs. They also probably believe that

inconsistent and mutually incompatible scientific theories aren't allowed to co-exist when in fact

they do and scientists happily use whichever one works best in particular contexts. These same

scientists spend much of their time arguing with each other, with no real desire that a final

consensus be reached, about that choice (after all, if a consensus were acheived, the argument

would be over, the purpose of research would be over). Pointing out children's "misconceptions"

or "naive beliefs" without questioning the "correct conceptions" themselves-where they come

from, what can be done with them (and what not), what they reflect about their makers-focuses

prospeCtive teachers' attention exclusively on the learners' and how well their expressed beliefs

conform to "right answers."

This thesis offers a different perspective on learners' understandings. In the first place,

my pedagogy is designed to encourage learners not only to express their initial understandings

but to develop these with others. As stated, this is not inconsistent with current conceptual

change literature on effective science teaching (Roth, 1987; Resnick, 1983; Driver, 1985). It differs

from the misconception model because the emphasis is upon developing these understandings in

such a way that their strengths are respected and utilized. Because different children have

different understandings and all are valued (in different ways and in different contexts and uses),

these "naive theories" are portrayed as part of a continuum of scientific understanding upon
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which the recognized "scientific explanations" also lie. In the misconception model of teaching

and learning, the learners' manifest their initial understandings in order to merely reveal the

inadequacies of these. I try in my teaching to develop with the children the potential of their

ideas. I believe that these ideas-subject to examination, discussion, revision, revisiting-{an yield

useful, powerful ideas that advance the children's individual and collective understandings.

My vision of science, as it is reflected in my teaching, is as much about the process of

doing science as it is about the content of that science. In teaching science in this way, in which

the various ways of making sense of phenomena-scientific, spiritual, magical, sensual, intuitive,

empirical—are honored and placed on a continuum, I am cognizant that I am working on a re-

definition of the traditional, Western meaning of the concept of science. This is connected to a

continuing conversation about feminist visions of science (Harding, 1991; Keller (1985). Usually

this conversation involves those who are actively doing science-scientists-- and observers of

those people. I am extending that conversation to teaching and education. Maybe by developing

and immersing children in this "other" idea of what science is, the reality of science can be

changed.

At the same time my teaching is not totally relativistic. Not all the ideas the children

have are thoughtful or useful or worthy of extended examination. Gravity boots (Chapter 4), a

theory some of my students developed when asked to explain people being able to walk on the

moon-a place they decided had no gravity-while symptomatic of certain ideas and

understandings, doesn't further a more general understanding of what gravity actually is or why

it is important. The theory of gravitational attraction is a powerful one, it explains the motion

and apparent position of all objects. It is my own understanding of scientific knowledge and

processes that assists me in determining what are or are not potentially fruitful ideas.

Finally, eliciting learners ideas is not without risk. What do I do with theological or

magical explanations for natural phenomena or with explanations that parents give to children

that they believe are true or even just to stop an episode of questioning? (For example: Why do

you get rainbows from prisms? They're made that way, the prisms store them inside and they're
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let out by the sunlight, god made them that way, they're magical. Where do babies come from?)

Again, it is my judgement--a combination of my knowledge of the child, children in general, the

classroom situation, the subject, politics-that determines the decisions that I can make in a

particular situation.

0 The teacher knowledge/learning conversation, particularly the idea ofpedagogical content knowledge-

what do teachers need to know to be able to teach? Following from the preceding discussion of

conceptual change literature, my thesis also addresses the conversations about pedagogical

content knowledge-what a teacher needs to know to be able to teach. Literature on this subject

make the claim that teachers draw on various kinds of knowledge and understandings in

deciding how to teach. My thesis rather than being directly concerned with contributing to an

enhanced description of what this knowledge is in science teaching, addresses what, in my

particular case, it means to "draw on" knowledge. How do I use my knowledge to teach?

Derivative from this might be a description of what this knowledge actually is.

In this thesis I wish to describe the processes that go into and lie behind the decisions that

I make in classes. In discussing the decisions I make, I can give a glimpse of how I appear to

balance my understandings and commitments to the children and to the science. At a deeper

level I can expose how these apparent balancings are actually the tip of the iceberg of deeper and

more fundamental conflicts. Striking a balance between what I might like the children to do and

think in science, goals I might have about how people should interact and respect each other,

how I might like to have scientific discourse or educational discourse different than the way it

actually is, involves compromise, discordant choices, sacrifice of one set of goals for others.

Because of this, these kinds of choices shift over time. For example, I usually choose to respect

and work with children's ideas about how things work but sometimes I choose to teach correct

science. (Did dinosaurs co-exist with cave-men?--No.) A similar discussion of the balancing act a

teacher is forced to make between various commitments can be found in Bali (1993).
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Fundamental to my teaching is my interest in working within these conflicts which I

believe are endemic to teaching rather than resolving them—I find this sort of conflict stimulating,

it forces me to rethink my values and goals continuously. This quality of myself guides my

choices in designing the things that we do in classes and the ways that we talk about those things.

likewise a need in myself to explore new things guides my choices of the science that we do in

class, the actual content of the classes. It is only interesting to me to teach if I am finding out new

things at the same time, new things about teaching (children, schools, how to teach) and about

the content of that teaching (the particulars of the science, for example why are bubbles round?).

The level of my questions about the phenomena that we explore in class are at a different level of

sophistication than the children's but it is very important to me that they are there. They guide

how I manipulate the children's questions.

Underlying this exposure of my own personal pursuits in my teaching is the idea that I

am continuously altering the knowledge that I bring to my teaching. I do this through the

teaching. This ideal is different from traditional writings about pedagogical content knowledge

(Shulman, 1986). Implied in much of this literature is that knowledge is static-it is a body of

knowledge somehow quantifiable or at least describable. I would argue that the latter can only

be possible retrospectively. Others suggest that during teaching the representations of

knowledge alter, left undiscussed is whether that means the understandings of that knowledge

itself alters (Wilson et al, 1987). Still others suggest that a teacher's use of "rich" subject matter

understandings can be used as a vehicle for learning about other domains of teacher knowledge,

for example learning about the children (McDiarmid, 1989). This leads me to the third

conversation.

- The soda-cultural learning conversation, particularly the idea that,for intellectual and emotional

reasons, learners’ cultures must be incorporated, somehow, in both the curriculum and the teachers'

pedagogy. Again my participation in this conversation follows from the preceding description of

how I engage the "teacher's knowledge" conversation. It is a quality of my teaching that I
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incorporate a great deal of knowledge of the children into how I teach and also into what gets

taught. Unlike suggestions in the literature about how to do this (Heath 1983; Evans et al, 1989),

for me this knowledge is attained through teaching. Also by the nature of the goals of my

teaching—of my vision of the science, in which different ideas are respected and shared, and the

sources of ideas are recognized-«he ideas themselves and the children's presentations of those

ideas are used to construct a classroom culture which has its own identity. This identity is not

describable as a simple compilation of cultures the children and I bring to class from outside.

Again, the multiple identities of the children and the cultures which we bring to the class and

which we construct in class are often in conflict. Knowing a lot about these various cultures

doesn't make it clear how I should interact with students or what the result will be for either the

curriculum or the teaching. This differs from suggestions in the literature that differences in

cultures should be directly confronted and engaged (Delpit, 1986; 1988 ).

When I think about these three conversations, specifying the object of the subject/object

relationship is central. All these conversations assume a two-fold relationship between the

teacher and child in which the child is the object and the subject matter is the objective. The

evolution of the teacher or the subject matter is igiored. I would argue that the relationship is,

first of all, three-foldubetween teacher, subject matter and child--and the identity of both subject

and object shifts. Hawkins (1974 a,b) also defines this relationship as a triad but one in which the

child and teacher are objects of the subject matter—one member of the triad (subject matter) is

held constant and the other two define themselves against it. This is a useful simplification, to

hold the identity of one member constant and define the relationship of the other two as

constructed through interacting around it. It also suggests an inversion of the usual (scientific)

subject versus object location-I am defining the one assumed constant as the subject, the other

two which change in nature against it are the objects. But unlike Hawkins, I would argue that the

object identity shifts, relationships shift, methodwthe actions that define the relationship, both

pro-active and reactive-is redefined and reshaped. If I argue that the object can be the
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relationship between, say, child and subject matter and I, as teacher, am the subject, then those

two interact to define themselves against me. The subject matter and the child redefine

themselves, evolve in nature as I present an (apparently) unchanging aspect. But in this process,

as the subject matter (for example) changes meaning, my relationship to it must change, the

identity of subject and object alter with respect to each other.

Possibly a more real way to look at this is to reject the reduction of the triad into subject

and object and rather say that all three are subjects interconnected, interrelating, interdependent

for definition. The truth is, though, that the subject matter is a "body" of knowledge that stands

in relation to what we make of it, both the children and myself are sentient, willful beings that act

upon assumptions about each other-assumptions gounded in knowledge which is treated as

static. Although I would be unwilling to say that I "know" the children or even the science, I act

like I do. We act on an assumption of subject and object. I wish to write about why we act the

way that we do so I need to work within this paradigm to push against its usefulness. Then I can

argue for a relationship of inter-definition through interdependence.

I have been reading Hannah Arendt (1978), The Life of the Mind and (1964/77) Eichrnann

in Jeruselem, Jean-Paul Sartre (1963), Searchfor a Method , Jacque Derrida (1987), The Truth about

Painting , Luce Irigaray (1985), The Speculum of the Other Woman , Julia Kristeva (1986), Woman '5

Time , Martin Heidegger (1962), Being and Time .lThese readings and other readings that I have

 

1My pathways into this literature have been multiple and have spanned a number of years of

work in many different domains and from many different directions. I would like to write here

about how this literature connects to the more traditional educational literature so that readers,

if they wish, can possibly construct pathways in to it. Most important to my thinking have

been the various writings of Vivian Paley (in particular, 1979, 1981,1986 and 1990). In writing

about her own practice and the reflections that she has had about herself, her children and her

teaching, she has demonstrated the suggestive sort of writing that I have tried to emulate. She

has also embodied the qualities of proactive/reactive reflective thinking that I drink Heidegger

writes of in combination with the emotional and subjective feeling described by Arendt. Others

who write about this sort of reflection on teaching or more general forms of practice both

during teaching and divorced from the act (but shaping later actions) are John Dewey (1902/56,

and 1933), Joseph Schwab (1976, and 1978), Winogad and Flores (1986), and Schon (1983).

Researchers who describe the effect of reflection as well as the shape of that reflection (that it

often isn't explicit or divorced from actions or a person's history, emotions, desires) are

Connelly and Clandenin (1990) and Johnson (1989). This idea that "reflection" isn't purely
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done in hermaneutics and symbiotics have shaped my thinking about how subject and object are

defined through relationships. I will summarize the ideas from these authors I have used to

construct my own ideas.

All would argue, in a number of different ways, that the subject/object relationship is not

created and maintained by the subject standing apart from the object—looking at the object from a

distance. Rather the basis of the relationship is in recognizing what the object shares with the

subject. The relationship becomes one that isn't purely one of recogiizing similarities, it's also

 

intellectual in its shape, result, cause has been very important to me. Again this is a link to the

writings of Heidegger in particular.

The writings of Margret Buchmann (1986a, 1986b, and 1989) concerning the role of

contemplation (which is more than just purely intellectual reflection), the person and the

teacher's purposes while teaching, suggest an educational philosophy which underlies the

connections between the authors I have just described. Fundamental to these writings is the

idea that a teacher is pulled in multiple directions intellectually, historically, emotionally and

the actions of a teacher reflect that struggle. A teacher does not act to fulfill one set of

expectations only but is rather caught in a juggling act trying to please both multiple facets of

herself and multiple audiences (a description of this in context is Lampert, 1985). This quality

of teachers immersed in a struggle is described most significantly by women attempting to

define in their writings "feminist pedagogy" (Maher, 1987a, 1987b, Maher and Tetraeult 1993,

Walkerdine, 1990, Weiler, 1988, and 1993). These women describe teachers struggling with

their own personal political agendas as they teach. What is the role of our own moral/political

beliefs in our teaching? This is also a quality of teaching which I wished to capture in this

thesis and fuse with a description of another struggle concerning subject matter teaching with a

diverse student population.

Paley writes of her own "coming to know" her political agenda and her struggles with

this in White Teacher and also more recently in You Can 't Say You Can 't Play (1993). She does

this by both paying attention to herself-awakening self-knowledgeuand by paying attention to

the children, what they do and say. She must pay attention to both their actions and their

language and how she is able to make meaning of those-the fundamental concern of

symbiotics. Rommetveit (1980) as well as Fish (1980) and Scholes (1985) write about how this

mutual understanding (and misunderstanding) are constructed by the actors in a setting.

Integral to this is a play between the states of "thinking within" and "thinking from outside",

connected and objective thinking (Belenky, M. F., B. M. Clinchy, N. R. Goldberger, J. M. Tarule,

1986). This is embodied in the acts of naming and description. In particular Fish and Scholes

speak to this as do the authors Lakoff and Johnson (1980), Iakoff (1987), and Johnson (1987).

A final important author for me has been Nell Noddings and her book Caring. In this

book Noddings describes the sort of caring that a teacher such as Vivian Paley seems to

illustrate. Through this caring which is focused upon an "other" the "one-caring" undergoes a

loss of self. I found this conceptualization of caring both compelling and puzzling. Something

seemed to be missing to me—in caring unselfishly for another there must also be a selfish

component it seemed to me. To be continually compelling for the "one-caring" mustn't there be

something intrinsically rewarding for that person alsousomething beyond seeing all rewards in

the other? I brought this concern to my reading of Hannah Arendt's books. Arendt also

describes a similar loss of self in the book Eichmann in Jeruselem, a similar selflessness but here

paradordcally the motivation is selfishness, a selflessness that is self-serving. I think that the

loss of self involved in teachinguthe immersion in the other and in actions and subject matter is

both selfless and self-serving and needs to be thought of in both ways.
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one of comparing differences. "The semiotic continuum must be split if sigtification is to be

produced."2 The "object" of inquiry must be differentiated, extracted from a backgound. This

relationship is the "signifying process" in which meaning is constructed through a continuous

comparative movement between identities shared and identities defined oppositionally. This is

intimately tied to the process of naming. The act of naming is fundamental in doing science.

Naming a variable in science separates it from the continuum, gives it identity when before it was

part of another. For example energy: the concept of energy is a human-made idea which can only

be quantized and qualified after it has been named. Before that it was part of the totality of the

phenomenon. Once named it acquires substance and reality. The children in my class also play

with the act of naming, of reducing a phenomenon into parts. For example, in talking about

music (Chapter 3), they separate the "whole" into pattern, rhythm, beat. How the children then

work to make sense of music and sound is fundamentally shaped by these variables (rather than

tone say). But how, in what way, do they partition the whole into the three-what is included and

excluded in each of the terms? Doing this determines meaning and use and occurs through use

(application) and reflection on meaning (listening to the sounds identified as one or the other).

The sharing of identities—overlap of parts of the definitions of things—and recognizing

these shared identities, is important because otherwise there could be no understanding

(Rommetveit, 1980). The words pattern, rhythm and beat overlap and are different in definition

and the children use their understandings of each one to construct their understandings of the

others. According to Derrida (1976, 1987), defining what is shared and what is not, so that they

can be recognized is through framing-creating a frame around the "other." This frame is the

context of the object and is also a context in which the subject can place themselves. For example,

a teacher could be teaching science or literacy skills all day long possibly not recognized as such

until the time period is demarcated (named) "language arts time" or "science period." This

context composes the basis or backgound of the relationship between subject and object,

 

2Kristeva (1986) Women's Time. In The Kristeva Reader, ed. T.Moi. New York: Columbia

University Press, page 13.
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something not normally articulated or examined "for-itself." The context or frame is continuously

being re-made by the recogiition and examination of similarities and differences as the object's

definition is refined—there is a developing meaning of "science" from what is done in "science

period" that is different from what is done at other times. How that is understood, though, is

through an interplay between differences and similarities of those actions during science period

and other actions. For example, when I use language and categories taught during language arts

time in science activities (Chapter 5). Thinking about similarities and differences between

ourselves and others can also cause us to become aware of qualities of this context.

In science often the naming of an idea or object obscures both its backgound (frame) and

also its history. Through the scientific process this same idea is often refined and even redefined

further obscuring history and the "oneness-that-once—was." There are two aspects to science. The

first is progessive. Science is done for what it can do to transform an object or the environment

or even ourselves. This buries both the past and the nature of the science. The other aspect

allows a new, critical reflection upon both the scientific concepts themselves and upon the

continuum. Science is a balance of the two as is teaching. Teaching involves reaching towards a

goal which in turn can cause reflection upon both the goal itself and the process. When and why,

though, are each of these two aspects of science and teaching in play?

The real question is whether one sees the function of reflection as bringing something to

awareness in order to confront what is in fact accepted with other possibilities--so that

one can either throw it out or reject the other possibilities and accept what the tradition

de facto is presenting-or whether bringing something to awareness always dissolves what

one has previously accepted.3

Does thinking about the object make us increasingly blind to qualities of the frame or can we turn

our understandings of the object back to a critical examination of the frame? In the children's

explorations of the nature of musical sounds, the usefulness of the concepts they are developing

is balanced between what they can do with them and what new thoughts are enabled as they

examine both music and language. In defining pattern, rhythm and beat they work to construct

music of their own. They apply these concepts to bird song and ask whether or not that is really

 

3Gadamer (1976) Philosophical Hennaneutics.,page 34.
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music or is, rather, language—they think new thoughts about the phenomenon and in turn

question the usefulness of the labels. 1 think in the course of teaching this also can occur. In the

process of transforming both the children, the subject matter and myself during teaching there

are opportunities to reflect on this transformation as well as the assumptions that underlie them.

I write about this in Chapters 4 and 5. This process of becoming both cognizant of assumptions

and questioning those assumptions is the essence of arguments of critical theorists such as

Habermas (1991) as well as Arendt in Eichmann in Jerusalem.

The subject/object relationship is defined by what the object and the subject share as

much as by how they are different. Now the instruments that the subject uses to "look" at the

object must also be able to access similarities as well as differences. In order to do this, these

instruments mimic in some way the qualities of the object under study and also the qualities of

the subject. For example, we can see the world around us because the wavelengths of visible

light are similar in size to the sizes of the atoms and molecules that make up the world. Our

ability to see is because of this similarity but also what we see (say color) is because of the

qualities of this similarity and also because of differences-there is an object there, different from

light, or there would be nothing for the light to interact with and refract. There would be little

point in teaching children if they were clones of myself. They are intrinsically different. I also

could not teach them if we did not share certain things, for example, a language. A similarity

such as language which is fundamental to the relationship, shapes what can be learned about

differences-between the children and myself and between childrennas they debate the meanings

of scientific words by discussing the different ideas of each child, they learn about each other as

well as the science. Language is a tool, an instrument in the relationship which both reflects a

relationship and shapes it. It embodies the culture which contains the relationship and is

instrumental in altering it. Its ability to be a tool is grounded in similarities between subject and

object. Its purpose can be to "see" differences or similarites. The lenses, tools, instruments used

by the subject to look at the object selectively focus or image the similarities and differences. If
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these lenses mimic the subject only rather than the object, the image seen is of the object rather

than the subject. The lens is a mirror and the study is a false one (Irigaray, 1985).

Both the context and the instruments that shape and enable us to look at an object are

designed by us (the subjects) purposefully-40 be able to do particular things. We choose

(consciously or unconsciously) how things appear to us as well as objects choose their

appearance. This idea of presentation being a purposeful act is from Hannah Arendt (1978) The

Life of the Mind. The idea of presentation being a purposeful act also means it is a conscious one,

at least on some level-we choose what we want others to see about us. This makes the

subject/object relationship a reversible one. If Cory is the object to me, the subject, then I am also

an object to him. If every act is one of self-display then it is that fact that makes flwse acts

meaningful—they are meaningful because of their purpose to the actor.

[When I choose what to show, how to show it] I am not merely reacting to whatever

qualities may be given me; I am making an act of deliberate choice among the various

potentialities of conduct with which the world has presented me. Out of such acts arise

finally what we call character or personality, the conglomeration of a number of

identifiable qualities gathered together into a comprehensible and reliably identifiable

whole.4

Now I think that this presentation or self-display can be a form of play—trying on different self-

images, trying on different effects on the observer. This is enabled by this back and forth, shifting

subject/object identity. The idea of purposeful self-display also links the creation of subject

versus object identity directly to method, to the things done by either the subject or the object.

Defining subject or object is through method. Neither the subject nor the object exist as concepts

without the actions or thoughts in between the two that construct and shape the relationship.

Again this is also what I feel Derrida is saying with his idea of framing—the thing, actions,

context-«hat sets the object apart from a continuum.

This takes me to Sartre. If the subject/object relationship is based upon both self-

presentation and perception which are purposefulnboth the object and the subject want to do

something-it is motivated by a need. Sartre differentiates between desire and need. In Being and

 

4Arendt (1973) Life ofthe Mind, page 37.



14

Nothingness (1965) he claims that acts of free will are motivated by desire. In Searchfor a Method

(1968) he modifies this to need. The difference between desire and need, it seems to me, is one of

an intellectual desire versus more emotional, felt need. To desire is in your head, to need is in

your stomach. Most importatly need addresses a vanishing point-meeds can never be satiated.

Desires can and then one can move beyond them. I think of Sartre's need as similar to belle

hook's (1990) "yearning"-a longing which emanates from the heart as well as the mind, which

shapes thought, actions, emotions and which is not satiated even when directly addressed.

Desire suggests the possibility of unrestricted movement, of a freedom which may change

the objects of its desire at will. Need brings in something from the outside, a necessity

which man cannot ultimately escape, no matter how much he may vary his reaction to

it.5

The tension between what is known and unknown which I write about as central to both the act

of teaching and of doing science reflect needs. For a scientist the need to discover can't be

fulfilled-each new discovery uncovers new questions. Likewise for a teacher—goals in teaching

and learning are always moving away, constantly redefined as progress or even just change

occurs. Presentation of self, of science, of relationships becomes a vehicle for expressing and

acting upon this need but on the other hand so does perception-both sides of the subject/object

relationship are shaped by need.

Presentation is also a symbolic act, I think. It is a way of expressing something hidden. I

think of this as similar to Levi-Strauss's description of ritual as symbolic:

The shaman provides the sick woman with a language by means of which unexpressed,

and otherwise inexpressible, psychic states can be immediately expressed. And it is the

transition to this verbal expression—at the same time making it possible to undergo, in an

ordered and intelligible form, a real experience that would otherwise be chaotic and

inexpressible-which induces the release of the psychological process . . . ..it is a matter of

provoking an experience; as this experience becomes structured, regulatory mechanisms

beyond the subject's control are spontaneously set in motion and lead to an orderly

functioning.6

These regulatory mechanisms occur in a classroom because the act of self-presentation is a social

act to which others react. This is really another explanation of how expressions of thoughts,

 

5Bames, H. in J.-P. Sartre (1963) In Search ofa Method, page xv.

6Levi-Strauss (1963/76) Structural Anthropology, pXXXX
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needs and actions become method. The symbolic quality of actions, where actions mean

something other than what they appear, is at the heart of Julia Kristeva's (1986) concept of cyclical

time. Actions, when perceived in a generalized sense, repeat over and over, form a cycle, are in

cyclical time. They also define a method (methodical). Because they repeat, they acquire a

transcendence in meaning; each time they occur the setting is different, their meaning is different

(yet the same), and they become generalizable in consequence and form beyond the immediate

actions of a particular moment. For example when I ask for the class's attention by turning off the

lights. I am not turning off the lights to make the room dark but for a different purpose. The act

has acquired a meaning other than the obvious one. It is symbolic of something other than what

it does. The action has a generalized meaninguthat the children should give me their attention-

and a specific meaning to the indtance it occurs in, for example at one time I may be stopping

misbehavior at others I may be calling the class to large group discussion. Actions reflect

something about the actor, about the actor's beliefs about the perceiver, about the actor's beliefs

concerning what they are acting on. My using the lights as a signal implies that I believe the

children need me to signal that certain actions are appropriate and when and that I know what

the approp[riate behavior is. The act of perceiving is also an interpretive one, active not passive.

The subject brings a lens to seeing also shaped by purposes and beliefs. The children are

interpreting my actions in both a general and specific manner.

Heidegger argues that to separate subject and object, as is implied in metaphors about the

subject "seeing" the object, is artificial. The subject and object occupy the same world-space, life-

space: "By drawing a distinction that I (the subject) am perceiving something else (the object), I

have stepped back from the primacy of experience and understanding that operates without

reflection." Heidegger does not deny that we exist purposefully in this world, that we are trying

to do certain things. He claims that this purposefulness involves decisions-~what to do and what

not to do, how to go about doing these things. These decisions are founded upon uncertainty,

they reflect needs for things which we don't already have yet and hence don't know. We make
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decisions on a basis of things felt, not articulated. The actions necessitated by decisions are

symbolic interpretations of their unarticulated foundation.

But Heidegger has a more radical reason for saying that we cannot get clear about the

"beliefs" about being we seem to be taking for granted. There are no beliefs to get clear

about; there are only skills and practices. These practices do not arise from beliefs, rules,

or principles, and so there is nothing to make explicit or spell out. We can only give an

interpretation of the interpretation already in the practices. This is why Heidegger says

in introduction 11 that since phenomenology deals with our understanding of being, it

must be hermeneutic. To sum up, an explication of our understanding of being can never

be complete because we dwell within it-that is, it is so pervasive as to be both nearest to

us and farthest awaynand also because there are no beliefs to get clear about.7

The basis for making decisions are in: 1) emotions-how we feel about our choices:

"Heidegger wants as usual to stress that moods provide the background for intentionality, i.e., for

the specific ways things and possibilities show up mattering" (Dreyfus, page 174); 2)

understanding—we know how to act:

[E]ach of us knows how to be that particular for-the—sake—of—which each of us is—father,

professor, etc. We are skilled at existing. "In understanding as in existentiale, that which

we have competence over is not a "what", but being as "existing". Moreover we are such

skills. "Dasein [being] is not something occurent which possesses its competence for

something by way of an extra; it is primarily its ability to be. Dasein is in every case what

it can be".8

and; 3) "falling"-we are already immersed in the situation that requires decisions to begin with.

To me this defines where Derrida's framing context is constructed from. The frame is also a

symbolic miasma of assumptions. We act using "skills and practices" from which we can

articulate "beliefs, rules, [ . . . ] principles" by examining the background in light of our actions. I

think that this idea of how we come to do the things that we do is central to thinking about the

everyday decisions and choices that we make in teaching (Buchmann, 1986). The background to

the things that I do when I am teaching is unarticulated knowledge of science, children, teaching,

context as well as how I feel about those things founded in my history and also in the goals that I

have set for my teaching. Acts of teaching are manifestations of a web constructed of these things

which add up to an "understanding" of the moment and this moment itself is not extractable from

 

7Dreyfus (1991) Being in the World, page 22.

8Dreyfus, page 185.
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the situation itself. It's only when I can remove myself from the moment that I can think about my

actions, knowledge and choices. The same is true in the process of doing the science. This is why

the question of design in science is so interesting. To design an experiment or a course of action

represents this thinking that can go on outside the moment but participating in science, utilizing

the design, means immersion within the moment. The children in my second grade classroom

are asked to participate in both of these ways of thinking as we explore soap bubbles--they design

experiments and then they enact them; finally we discuss their activities-we move in and out of

immersion in the moment.

The blending of subject and object, the dynamic between them constructed in a

relationship composed of methods, purposes, and needs, is related for me to a concept that Julia

Kristeva calls female subjectivity:9

According to Kristeva, female subjectivity would seem to be linked both to cyclical time

(repetition) and to monumental time (eternity), at least in so far as both are ways of

conceptualizing time from the perspective of motherhood and reproduction. The time of

history, however, can be characterized as linear time: time as project, teleology, departure,

progression and arrival. This linear time is also that of language considered as the

enunciation of a sequence of words.10

The relationship between subject and object conceptualized as metaphorical, symbol-ridden

method is patterned. Qualities of it repeat and it becomes a design. This is how a method can be

defined and also how meaning can be found in method--method can be abstracted from a

background of random action and it attains its own symbolic, transcendental meaning. The

subject and object evolve, though, through the relationship-they become something different

from what they were before. Then how does method respond to this?

[F]emale subjectivity as it gives itself up to intuition Inote similarity to Heidegger] becomes

a problem with respect to a certain conception of time: time as project, teleology, linear

and prospective unfolding: time as departure, progression and arrival--in other words,

the time of history.11

 

9 My citing this doesn't necessarily mean that I agree with her argument that this is exclusively

female. Kristeva calls this idea "female subjectivity"-it's the substance of the idea I find useful.

10Moi, T. (1986) Marginality and subversion: Julia Kristeva. In Sexual/1"extual Politics: Feminist

Literary Theory, page 187.

11Kristeva (1986) Woman's Time, page 192.
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Method is right at the place of intersection between these two world concepts. It is the place

where the battle between cyclical time and historical time occurs. As an example, teaching:

There is an internal conflict for me when I am teaching-J need to understand, stay in one place

and contemplate what I know about children, science, myself and how I am able to know it, but I

need to change—to teach, to do things, to learn. Method serves both concepts of time, it is

progressive-in the service of change and it is symbolicurepeating. Thinking of method as

purposeful is not the same as the false causality of history in which events are looked back on

from the perspective of an outcome nor is it transcendental in the sense of pointing to an inner

truth which transcends individual instantiations. Method is in historical time because it is not

willy-nilly, the relationship between the subject and the object is purposeful, each is trying to do

something to the object or with the object as audience. This purpose isn't necessarily realized but

change is. Method is in symbolic time because of its own repetitive qualities and also because it

allows the subject to look at the object in ways that are "framed," that have meaning. This is why

talking about method as a form of design is important. In thinking about method and design as

metaphorically linked, I wish to think of the word design as a verb and also as a noun. As a noun

the word design captures the abstract qualities of a pattern signifying something transcendent.

As a verb it should be understood as a plan, an activity oriented towards a goal. Teaching,

learning, science as methods have both of these qualities.

In the second chapter of this thesis I wish to explore an example of design in teaching and

in science through a description of a unit I taught in a first and second grade combination class.

This unit is ostensibly about soap bubbles. The underlying thing it is about is experimental

design. My goals in the unit involve the children participating in a process of experimental

design and enactment using soap bubbles as a medium. Therefore there are two forms of design

occurring in these classes: the design that the children and I participate in as we explore the soap

bubbles; and between myself, the children and the materials we are using to design the teaching.

This chapter is especially oriented toward an engagement of both the learning science and the

teacher knowledge/teacher learning conversations which I discuss at the start of this chapter. I
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talk about how the children use their previous understandings of many things to construct both

new knowledge and also scientific process as we explore the bubbles. I also talk about how I use

my knowledge to frame this pursuit and how this knowledge is altered as the children and I

interact around the science and each other.

In the third chapter I explore another design problem, that of designing, or maybe re-

designing the science so that I can maintain some particular goals in my teaching. Making a

claim that both teaching and science are methods is, by my definition, making a claim that they

are both purposeful activities with particular goals. That makes no claim that the goals for both

are the same or that they are articulated ahead of time. My point in this argument that I have just

presented about what method is is that goals, as part of the "need" that motivates action, are in

part unarticulated. Some instructional goals are articulated at the outset of teaching, yet the

experience of designing, interacting, etc. make evident other goals not previously articulated.

Through my work in the classroom I come to recognize the goals (values) that I am using to

shape my teaching. I learn to recognize what my teaching symbolizes. When, through

interactions with others, I come to realize these meanings and that they are not consistent with

each other, I choose to work to redesign the science so that I can maintain the goals of my

teaching. I don't do this in the abstract or all at once. I do this incrementally, as I teach and as I

need to.

The unit portrayed in Chapter 3 is about teaching music and sound. I picked this unit

because the "science" examined is sound but the medium I chose to teach it through is music. I

did this because this allows me to show an intertwinement of science and aesthetics, often not

recognized by non-scientists. It is an illustration about how the definitions of words, both

naming and defining meaning, which with method are the fundamental components of a science,

is a process in itself. A more radical example of redesigning science is in Chapter 4, about

teaching a third grade class about gravity.

Both Chapter 3 and Chapter 4 continue to engage the larger conversations about

children's science learning and teacher knowledge and leaming. They also address ideas about
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the role of the children's home cultures in these classes. In Chapter 3 I make the argument that

through discussion of the science a unique classroom culture is generated. This culture adds onto

and respects the children's home cultures. This development of a classroom culture around

scientific explorations and discussions is central to my thinking about how the children come to

learn and also about how I come to use my knowledge and also learn. This is also true in Chapter

4 but here qualities of the "things"-«knowledge as well as ways of thinking and expressing

themselves—the children bring to class and use to construct this classroom culture are often

problematic and cause me to think about how I am portraying the science and also how the

science is evolving in my own head.

The fifth chapter of my thesis is about how teaching is based upon knowing but is also a

process of coming to know. The other chapters are about this too, though. The process of design

and therefore method isn't only a process of demonstrating what a person already knows, it's also

a process of coming to know, of learning. This chapter quite explicitly addresses the questions of

teacher learning and the role thinking about the child's home culture has in teaching. The science

itself is no longer the focus.



CHAPTER 2

THE ROLE OF DESIGN IN SCIENCE AND TEACHING

In order to be a design, an object or an action needs to stand out from a backgound. We

need to be able to "see" it. This happens through framing. The backgound is composed of

emotions, understandings and already constructed ways of doing things. When we enter into a

situation (any situation, including one that appears to initiate with our entrance) we are already

immersed in pre-existing circumstances—we know how to act, how to interpret, what to do. This

is Heidegger's idea of "falling" and explains how we are able to interpret circumstances and to act

upon them-nothing is ever brand new. Qualities of framing, of the backgound, differentiate the

design but without necessarily calling attention to themselves. In looking from the outside,

though, as we can do with this story of teaching and of science, we should be able to abstract the

qualities of the frame. What composes the frame in this teaching-what leads to the decisions

made by me in teaching this unit? What leads to me decisions made by the children as they

design their experiments? For me decisions come out of my ideas of the science and of the

children which existed before we began the unit but are continuously reformed as the unit

progesses. This is both in and out of my control: it is also shaped by the materials and the

children. Similarly the children's decisions come from preconceptions they have about bubbles

and about school, transformed by the discoveries they make as they work with the materials,

each other and myself. As Heidegger also implies, it would be a mistake to view decisions as

only reflecting what we know. They also symbolize what we don't know and what we think

we'd like to know. This theme-that actions and decisions reflect assertions of knowledge as well

21
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as uncertainties—threads throughout the rest of this thesis. It will appear many times in the

stories that I tell. It is the basis of my assertion that statements of knowing, by the children in

explaining the science, by myself when making choices in teaching, are also statements of not-

knowingnplaces where learning can take place.

The act of design is purposeful, it expresses a need, is symbolic of that need. The actions

in this class should be interpreted in terms of needs. The articulation of these needs is again

enabled by qualities of the framing backgound. The things the children and I say about what we

are trying to do, what we want to do, are expressions of our interpretations of both the

backgound and foreground. Examining expressions of need exposed to us in the act of design

allows us a pathway back to the background. It gives us a tool to explore selected components of

the frame. When we examine the things the children are trying to do with bubbles in this chapter

we can rediscover the qualities of their knowledge which has been buried as well as their ideas

and theories that are on the surface, that they are working on now. The design, the thing within

the frame, can act as a frame itself for the elements of the backgound. It causes their

differentiation from the continuum. Similarly with the act of teaching. As I write about what I

am trying to do with the science and the children, I expose the hidden assumptions, values and

beliefs which underlie these needs and desires.

Design as a verb--a methodushould serve both cyclical, symbolic time and progessive,

historic time. As expressions of needs it does the former. As we act to realize these needs it does

the latter. This is interesting because what is actually realized can only partially (if at all) satisfy

the needs it stems from Or it may do something entirely unintended. This very much happens

with both the teaching and the soap bubbles. Sometimes I plan for this but usually only partially

so. For example I planned that in our initial experience with bubbles I would "find" what the

subsequent classes would be about. What I actually found was much more sophisticated than

what I had thought would occur. This happens in teaching because actions do not occur in

isolation. It happens in the science because acting on one set of variables locates others. So

design, and method, are both controlled and uncontrolled. They represent both what is known
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and what can be known. They are both atemporal and integrally of the substance of time-

looking backwards, forwards and at this very moment. Do we have to look at a cross-section of

time to see a design or a method or is it also recognizable in particular moments, actions?

I had planned this unit about soap bubbles during the summer to be a unit about

design.” Design in the sense that Schon (1939) writes and talks about as an interplay between

materials and the person which is shaped by metaphorical images of purpose. I picked soap

bubbles as a vehicle for this because to understand soap bubbles as a phenomernon is very

abstract, non-intuitive. It therefore presents interesting design problems for me as a teacher.

How do I design this curriculum and this teaching? How is this design process an evolving one

that is interactive between people as well as between a person and things and tasks? I also picked

soap bubbles because children can almost be counted on to have some experience with them. But

this experiernce is usually very constricted and proscribed. What I do in this unit is and isn't.

How it is constricted and proscribed by me, the children and the materials is the point of this

being a story about design.

This unit, which I claim to be about design could be described as about involving

children in the scientific processes of experimentation. By saying this I would satisfy the

demands of local and national science curriculum requirements. The unit is, though, much more

than the simplistic view of experirrnentation often advanced as science in schools. For example

what is often called experimentation in schools is really demonstration of what is previously

known-4t is artificial. To be true experimentation there must be a potential for discovery of new

things, for surprise. Experiments are designed-they address particular end points-but still they

also represent questions, the unknown as well as known.

This story (and the stories in the other chapters of this thesis) are written from transcripts

of the class. In transforming those transcripts to a story I have reduced and edited what was said

 

12This unit was taught in a first and second gade combination class. The classroom teacher was

Kathy Valentine. For a full description of the school, class and children, please see Appendix I

and II.
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by the childrern and myself and also descriptions of what we did. In doing this and in choosing to

focus on science content (rather than control issues, say) I have, strangely enough, deleted much

of the patterned activity of the class. I find this strange because if this is a story of design, and

design as a noun is a pattern, then I have deleted a large portion of that design.

The repetitive acts I am talking about are things such as turnirng out the lights to get the

children's attention, the mental processes I go through to decide who to call on and when in class

discussions, descriptions of speech patterns or activity patterns of individual children. These

small patterns enable and compose the larger design. They are microcosms of my dialectic

between the atemporality and temporality of patterns. We recognize patterns because they

repeat in time, they become a quality of the passage of time but they also punctuate and

differentiate particular moments in time, they exist for themselves.

Thefirst class: Figuring out what to do.

November 7th

The children come in from recess and we discuss what we will be doing now in science

class. While they had been outside I had rrnade up the tubs of bubble solution. I have decided

that each table of three or four children will have one plastic wash tub of bubble solution. I've

nnade the solution with dishwashing soap and water. I say that we are going to work with

bubbles, sticking various things into the bubble fluid. First though we set up the room by putting

down pads of newspapers on the desks. When we are ready, I give them the bubble solution and

ten minutes to experiment with it. I give no otlner instructions than that. They are restricted to

stay in their own pods and to using only their hands to make the bubbles. I have given them no

implements. This is purposeful: I wish to maximize the children's sensual contacts with the

material and I want this contact to be just between them and the soap solution (and of course

other children in the class—there was much discussion irn all this) without anything else added in.
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I stop the whole thing and by pods have them dry off their hands and go up front to a

learning circle. In this first conversation I am exploring the terrain of things that the children

observed about the bubbles. I have certain possible directions that we might go from this first

activity laid out in my head and I want to see which of these things the children have located for

themselves and if I push a little bit, very gently on those things, how the children respond to this.

I am trying to locate what about soap bubbles the children are actually going to be able to pursue

and discover given that in the teaching that I do with this age group I am disinclined to actually

tell them information to explain the things that we observe. The areas that I have outlined in my

head that we might be exploring are bubble shape, bubble size, colors in bubbles, why bubbles

form in the first place, why they pop. All of these are touched on in this first conversation. We

end up settling in more or less on the first one over the next few weeks. This is in large part due

to Thomas and his techniques of design which are very sophisticated, I think, and to Danping

whose explanations for the shapes of features of the bubbles seemed to me botln simple-derived

directly from what could be seen—and correct. Both of these qualitiesnof the design process and

of the postulated explanations-are very important to me. They are coherent with choices I have

already rrnade about what my teaching looks like. That is, most importantly, that my teaching is

based upon what the children can do so that my role can remain one of facilitator and shaper.

I start the discussion by asking what people were able to see when they were making

bubbles. Thomas said: "Well, something I made, I put my two hands . . . first I blew a bubble,

then I caught it in one hand then I put my other hand on top then I got this long string." He

mimes this witln his hands. I name what he has made a cylinder. Other children have tried

similar things and start discussing this. I get up and draw what I think he has made on the

board.



26

 

I quiet the room and ask Thomas if this is what he means. He agrees.

Thomas: And it was not two [bubbles], sometimes people catch bubbles like that but

what I do is sometimes I catch one and put it in the other hand, sometimes I catch two

and put it . . . together, he shows us with his hands . . . and then you see the silver coin in the

middle but you didn't get a picture of that . . .

I start to ask Thomas about this silver coin but he wants to talk more about how he made the

cylinder. He says that it requires two hands. A bubble in just one hand is "fat out of my hand but

when my hand goes on it, it goes straight up." When he puts another hand on the bubble it

elongates into a cylinder. This is the essence of an explanation of why bubbles are the shapes that

they are-they are fluids which take a shape imposed upon them. I repeat his description of how

he made the cylinder and ask him to confirm that.

Thomas: Yes but what I think is funny is, see, it was sort of fat when I just had it . . . here

I'll, it was sort of like this and see here's my hand and the bubble goes like this when I'm

not have my other hand out but when I put my other hand over it, it just goes zipll . . . He

does this with the bubble solution—I have brought a tub up to thefront of the room . . . But it's fat

then it starts going up It turns into a straight person, like kids playing, they get in line so

fast, like when they are playing, they're all fat and then when they say line up, it's just

whup!

I ask if any one else has done anything like what Thomas is talking about. Timmy says that he

did something like this without making the silver coin and he found when you pull the bubble

cylinder too far it stretches and then pops.

In this first short part of this class's conversation we have started talking about the shape

of bubbles and why they break but in a more complex way than could have been suggested from
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my abstracted list at the beginning of this paper. The discussion about shapes is also about the

intersection of shapes and the discussion of popping bubbles is combined with consideration of

size. Now Andy adds in that he saw Kwanhyo blow a bubble that fell to the floor and, rather

than breaking, bounced. The conditions which make a bubble break aren't purely those of size.

Emily adds her observations about bubbles breaking, that you can only stretch them so

far and then Surni says: "I had one, I had one, see I catched the balloon and then I put the other

hand on it and stretched it and kept stretching it, then I had one balloon and then when I

stretched it, I had two." I asked him if this was like Thomas's, he made a cylinder and then when

you pulled it far enough apart you got two. Thomas interjects: "Yeah 'cause it broke." I say: "Oh,

so, but it didn't break and there was nothing, it broke and you had two bubbles." This particular

phenomenon, that bubbles can divide into two or nnore or break, is certainly something that I

knew about but not something that I had thought about or had connected up. That I do that or

that others in the class do that is caused I think by the social qualities of how we are discovering

finings-in class with others and then all together again as we talk about things and put ideas

together. For me this means as we talk about the things we have done and what we think about

finern we hear new ideas, different ways of thinking than those we have constructed alone. This

has an implicitly critical quality--as someone says something different from my own ideas, I

compare and assess. That, though, is dependent upon my ability to listen and truly hear

(understand) what the other is saying. This combined with a desire to do new things or finink

new thoughts rather than justify my own or replicate others is fine essence of the creativity

integal to the concept of design I am attempting to foster in this class and describe as a

component of teaching. I think this can only be achieved finrough conversation around topics in

which the children are genuinely interested. This though has a cyclical qualitynfine children also

become genuinely interested because of fine conversation.

An'gele tells us about her technique of bubble blowing: "Um, when I was doing it, I just

would just dip my hands in fine water, I had two hands, I went like this, and I got like a little

crystal ball, a litfie circle in my hand like this . . . " She shows us:
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Then she tells us that she was able to make a cylinder like Thomas described using her other

hand. Then Cory says : "When I put, um, one in my hands and finen I took it out, I blew and little

tiny bubbles came out of my fingers." Each time a child says what he has done I draw him out a

bit in his description. I do finis because I want to develop fine language finat fine children are using

and lam conducting finis search for somefining that can be developed into a theme so I want to

increase the "dwell" time on any particular observation or statement to see if it is developed

furfiner and if it resonates wifin others. I talked in fine irntroduction to this chapter of how a design

stands out from a backgound. I am looking for this design to begin to emerge. I listen to fine

finings the children say about what finey have done and in response to each ofiner for repetitions in

ideas, for echoes finat pull one idea into prominence over others. I am looking for fine emergence

of a foreground over a backgound.

The language that I am using to describe this is deceptive; it implies a passivity but in

truth it is fine combined interactions in conversation between us all, fine desire to commurnicate,

that causes fine emergence of a finenne. Part of my role is to recognize fine commonalities in the

statements the children make and work to construct the conversation to contairn that finerne more

prominantly--so finat over time separate ideas and observations become part of a whole and the

children begin to work together on common ideas and questions. For example, after An'gele and

Cory describe to us fine mechanics of making bubbles for finem and describe what they were able

to make, Sakti says this: "I blowed a bubble like finis and I held my hand like finis and I blowed it

and it kind of went like finis and then it was finis big and it popped." I repeat: "It popped? Did it
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ever become separate from your hands? Did you ever get it so it was like separate from your

hands or was it always attached to your hands?" She says finat it remained attached to her hands.

Her comments are connected to and add to all fine ofiner children's observations. It's finis finat

gives me a feeling of a common topic for us to pursue. Bofin fine children and I are playing a role

in developing and creating finis but it's a complicated pattern of playing off each ofiner.

Shumshad says finat when he pulled his hand out of fine water a bubble was made

between his fingers and even an enclosed spherical bubble, held in his hand, followed fine edges

of his fingers. What he actually tries to describe to us is how fine bubble film travels up fine sides

of his wet fingers, clings to his fingers. A bubble not held finis way was shaped like a crystal ball.

This is an addition to Thomas's early description of how to form a cylinder, a free bubble is round

but it will cling "sometimes" to a surface and be reshaped by finat surface.

We continue talking about technique and I try to suggest an exploration of bubble size,

one of my original ideas about what finis might all be about finat hasn't been mentioned yet. I

don't want things closing down on one topic yet. This is in part because all fine various finings I

have listed in my mind finat we might be exploring-size, source, color, shape, etc.-are connected

and I know finat in order to develop understanding of any one it won't be done in isolation of fine

ofiners. To finink about shape we are going to want to finink about size for instance. The variables

are connected and we are going to want to recognize and develop finese connections to be able to

fineorize about explanations. Anofiner reason finat I don't want fine discussion narrowed too soon

is personal. There are certain finings about bubbles finat I find fascinating and I wouldn't mind us

pursuing finose because finen I could finink about them furfiner. I pursue my own little research

projects finrough all fine units I willingly teach. I choose the t0pics of finese unitsububbles, music,

patterns—because I wish to explore finem myself. I also bring finis attitude, I finink, to how I work

wifin fine childrenufiney are objects of my explorations also. I say all finis because if design is a

purposeful interaction between materials and person, it is also a process of exploration and

discovery.
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For bubbles, I am particularly interested in color. That isn't finough what is going to

happen, at least not focally at fine start of finese classes. It does happen, we have conversations

about color off and on finrougln finis unit and in interesting ways, as intertwined wifin explorations

of ofiner variables. At any rate at finis point I think we should talk a bit about size and I want finis

discussion to happen connected to a discussion of how finey actually made fine bubbles. The size

of a bubble depends upon how much air you blow into it and also on how large fine initial film

fine bubble comes from is. I say to fine class finat I saw Ho Sook making bubbles a different way

from fine description ofiners have given. I demonstrate this.

 
Then I ask how were finose bubbles different from bubbles made fine ofiner way like An'gele had

shown us. Ho Sook says that finey are smaller. This is not so, finey are larger and Paula disagees.

She was also blowing bubbles this way and hers were much larger. Many children debate finis.

Next Teton says finat he saw rainbows when he made a cylinder. I ask what he fininks

might make fine rainbows. Paula says: "The bubble soap, when all fine bubble soap . . . and fine

lights . . . when fine lights come down, it seems like all finese rainbow finings are swirling around."

Teacher: You saw finem swirling around?

Danping: You know what? When I was looking at fine rainbow . . . first you know when

I'd put my hands togefiner and then I'd go like that [blow the bubble through her hands like

Ho Soak and Paula did] and finen I'd see the rainbows first . . . finey'd be finick and finen

finey'd be skinny and then they'd curl everywhere.
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I ask her why she fininks finey did finat and she replies finat she saw it occur as fine bubble

stretched. I repeat the whole fining putting fine two sets of observations togefiner to emphasize fine

implied causality. "Danping is saying finat at first her rainbows were real big and finen finey got

skinnier and skinnier and started to swirl around and finat was as the bubble got bigger."

Now I blow a bubble and ask what they see. Shumshad says: "Um it was kind of like a

bag finat you made." Suni says: "Like blowing a real balloon but you were blowing finat." Andy

adds finat as I blew, it got bigger and longer and Teton says that at fine top of fine bubble he saw a

large rainbow finat changed like Danping told us about. Cory adds: "Yeah it went skinny skinny

and finen it went longer longer and finen when it got to fine, um, end it showed the colors, it was

purple, geen and black." Thomas tells us that he saw the rainbow go up and move especially

when fine bubble was about to break. Then Emily and Benjamin try describing how fine bubble

changed shape as I was blowing it.

I blow another bubble and fine children continue talking about fine shape changes while I

blow it. Then Kwanhyo says: "It was going on your hand like finis and finen it went like finis, it

curved and finen it was going on your hand like this . . . " I say finat finen it broke. Sueh—yen says

finat it was like a ghost and finat it "turned it bigger and bigger and finen it was moving and finen it

popped." Cory says finat before it popped, it looked like "fire and smoke on the back." I blow

anofiner and then anofiner. The second pops and generates fine first question that we pursue by

expeimentation and observation. I ask what finey saw. Paula says that she saw it stick to my

arms before it popped. I ask if anyone saw it exactly when it popped and Cory says: "Yeah it

went all over you, first it went down and then it touched fine bowl and finen it went phoof!" Next

I ask if it popped all over or just in one place and finat break spread. I want them to look harder

and harder and when no one can answer finis I blow anofiner bubble. Cory says finat it popped irn

one place and others say all over. I blow anofiner. Now Danping describes what she was able to

see. "Um it went sort of like a circle and then it went a litfie bit down and it went off one finis . . .

[she gestures with her hands]." Cory adds: "First it went down finen it popped, finen and it went in

one place 'cause it only went down, all of finem went down, it went . . . " He gestures wifin his
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hands and I catch on: "Oh 'cause it like everyfining fell?" Shumshad describes it perfecfiy: "Yeah

like raindrops."

Next Cory asks me to try to make Thomas's silver coin construction. I do finis while

Thomas tells me how.

 

I ask if the children can see fine coin. Thomas adds: "Well it's really not a coin it's really just a line

that's circled." I stretch fine bubbles until they break, finen have to do it again. Cory exclaims:

"The rainbows are going very fast!" I notice: "They are as soon as I rrnade it stretch, fine rainbows

went really fast." Cory: "It's from fine lights!" I make another.

Thomas: Now hook it! There's going to be a coin now see all around finat . . .

Paula: Now turn it the other side it looks like one of finose lamps that you put fire in . . .

Emily: The coin was invisible!

Thomas: Seell

Dan: Oh I see it . . .

"I see it!" everybody is shouting. The bubble pops and I do it again, Thomas tells rrne step-by-step

how to do it finis time. Finally we get fine cylinder made and a "coin" in the center. Thomas:

"There see that round thing, it's clear but it looks like a coin." I agee and point out that fine

intersection is flat. It pops and we make anofiner. Lots of children start talking about finis,

describing what they finink it looks like. Cory for instance says finat he fininks it looks like a snow

man.
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I have Thomas come up and sit in fine center and make fine coins himself. He has

problems getting fine two bubbles to reattach. (This is an interesting problem, by-fine—way: two

bubbles don't always want to "stick" to each ofiner. I don't know why finis is but I finink [because

of fininking about it in all finese classes] finat fine surface of fine bubble gets dryufiney have to wet

each ofiner to attach to each ofiner. Now I know finat doesn't make sense—after all a bubble is

made from a liquid—but anyway finat's where I'm at in my thinking. I'm also not sure if my

private research should be in finis at all except finat finere is a lot of parallel fininking for me when

I'm teaching.) I get Thomas to talk as he is working, to say fine fining finat he is making or trying to

make as he does finis. This has two effects-to get him to slow down and to focus fine audience.

Once he's made one I ask fine kids to direct comrrnents and questions to Thomas. Cory asks him

how he makes it—when he puts it togefiner. Thomas does anofiner play-by-play as he makes a

second. Then he does a finird. I ask Cory why he fininks finat it makes finat flat surface in between

fine two bubbles. Cory: "I finink if it touches something else it can turn flat. Or it got squished in

fine middle and it didn't pop." Thomas: "This is what I finink, the way fine bubbles attach is I finink

fine way it happens, fine way fine bubbles attach. You see my hand makes fine bubbles go out and

finese bubbles go together." Andy: "Well I finink when it goes together fine other bubble sort of

pushes it and makes it flat when finey come togefiner and it makes fine coin." Then Thomas says

finat he doesn't know if it should really be called a coin because it's not finat "but that's just what

he named it." I say finat's ok because it is flat so it looks like a coin,’ it tells us finat its flat, it's a

good description. Andy says finat he agrees "it looks like a coin."

Timmy shows us finat if you' do what Thomas did and pull and pull on it the bubble gets

longer and longer. I ask how far they finink he can pull his hands apart. Then I ask what finey see

happening as he does pull his hands apart. Kids say finat it is getting skinnier and skinnie.

Thomas says that means it's going to break soon. Then he makes fine coin and Emily says finat she

wonders what would happen if the coin were on fine side and I ask if finey finink it would be any

different. Kids say yes but don't say how. Timmy makes anofiner. This time he blows a large

bubble and puts it into fine palm of his hand before he starts to stretch it and there are finree coins.
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I ask why finere are finree coirns. Cory says because there are bubbles on his hands. I ask how

many bubbles finere are. Sonne count finree, I think because of fine fine finree coins. Or finey are

counting the coins and finen say finree bubbles. Others count five or six (finese aren't attached

finough and making coins).

An'gele wants to make a big bubble to show us. She makes one and it bounces off fine

floor. She gets coached by Emily and Paula who used a different technique. An'gele is blowing

finis way:

at?

. \l

Paula and Emily used finis method:

 

which produces a bigger bubble because fine initial film is larger. An'gele makes one finally.

I start to end class by asking them what they finink they learned from doing finis. Thomas

says finat he learned that bubbles stretch and he's learned how to do finat. Cory has learned that
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he can make it very big. I ask what they are going to do next time. Thomas says finat he is going

to make one finat goes over his head like a space man. Cory says finat he is going to try to make

one finat goes up and will fly around fine room. I ask finem to finink about finat for next tirrne.

I wrote finat when I use fine word design 1 can mean eifiner design fine noun or design fine

verb, designing, or sometimes I can mean bofin. I finink in finis part of fine story of finis unit what is

portrayed is designing not so much a design alfinough I think as fine teacher a shadow of a design

already existed in my head finat was gaining solidity as the class progessed. For sure I found

finings in finis class finrough fine discussions about fine shapes of bubbles finat I could locate as

finings finat we would at least partially focus on in fine next few classes. There are, finougln,

designs (fine noun) to be found in this. There is fine way finat I am teaching-the questions finatl

ask to focus the conversation on descriptions of finings made and of how the children went about

making finose finings, qualities of fine conversation itself finat I model and develop (for example,

fine subject of fine silver coinufine science grows out of what people have discovered on fineir

own). This is a design because it follows a pattern. I conduct conversations in certain ways in

which finere are rules of behavior. I develop the science over and over again finrough finis

conversation which always starts with observation, moves to explanation and furfiner

expeimentafion, driven by questions rafiner finan answers. There are also fine "finings," types of

bubbles and observations expressed metaphorically, finat fine children produce in fine

conversation. These are the results of fineir interactions wifin fine bubble solution and ofiner

children contextualized in fine task I have given finem. These finings are designed because finey are

made purposely, eifiner to fulfill my task, because a child sees someone else make one or possibly

because of a developing interest in somefining previously known or discovered accidentally. It's

fine way I teach finat finese done finings become works-in-progess, designs become incomplete,

become symbolic of partial acts of designing.

The act of design finough does appear to be an interaction among materials, fine person

and metaphorical images of purpose, as Schon says, when we examine the bubbles fine children



36

have made. Thomas's coin for example which he made because of fine qualities of fine soap

solution and of his own acts. These were shaped by his person, his past history, which were in

turn developed by his gowing personal aesfinetic. Thomas spends a lot of time designing and

competing Lego constructions. I believe you can see finis--he made bubbles and fine first fining he

did with finem was try to attach finem together. People who play wifin Legos don't just gaze at

them, finey try to build things wifin finem. The idea of building somefining is certairnly purposeful,

and transporting finis idea to working wifin bubbles is certame metaphorical. What do bubbles

and Legos have in common? Not very much from my perspective, quite a lot from Thorrnas's.

For myself as fine teacher engaged in fine act of design, I have ideas about what we should be

doing in finese classes and finese ideas start to take on concrete shapes as I interact wifin fine

children and the soap bubbles finrough fine children. It's purposeful because I have a purpose: I

want fine children to engage in experimental design where finey find out finings and develop

ideas. That purpose is metaphorical to me because it's shaped comparatively wifin ofiner finings

finat I have done in science, finings that are like and unlike finis. Designing experinnents in

crystallogaphy is like and unlike finis. It gets more and more similar, finougln, as we go on.

In fine next class we continue to discuss bubble shapes but now the children start to

postulate fineories to explain finose shapes. I act to keep fine clnildren cognizant of fineir role in

shaping fine bubbles. Unlike other observafion-based science we have done (for example fine unit

on music described in fine next chapter), in a fundamental way, fine bubbles take fine shapes finey

do because of what the children do in forming them (as well as because of fineir own intrinsic

properfies). This is why finis unit is fundamentally about design. Recognizing fine role of fine

expeirnenter is paramount. Discovering fine intrinsic properties of bubbles comes finrougln eifiner

fine success or fine failure of fine design of fine expeiment (bofin can tell you information and

augnent your understanding). There can be no illusion of the experimenter's passivity. I try to

keep fine children cognizant of fineir role. This goal is what shapes many of my decisions in fine

whole of finis unit.
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The second class: The beginnings ofscience talk and explorations.

November 12fin

I start wifin having fine children set up fineir tables. Then I ask finem to all try to make fine

cylinder and coin that Thomas and Timmy had shown us. The operative statement in finis is finat

I ask finem to try to do somefining particular. I set a problem in which what they do as well as fine

qualities of fine bubbles play a role. Timmy tells the children how to do finis. I give finem ten

minutes to do finis. Then I have finem come to fine front in a learning circle to talk about it. I also

bring up a basin of bubble solution in case we need it.

I ask: "How many people made fineir cylinder and fine silver coin? Were any people not

able to make finem? Kwanhyo you weren't able to make finem?" A number of children have had

some problem making fine silver coin. My intention in asking finis question, which I do many

times in fine subsequent classes, is to find out about finese difficulties finat fine children have in

making fineir creations and to find out what finings fine children do about finose problems. This

isn't particularly to help fine clnildren to achieve fineir original visions but rafiner to see how finey

alter fineir mental designs because of difficulties or fine strategies finey develop to try to

circumvent fine problems and also hearing fine things finey have found out about the soap solution

in fine process of running up against difficulties. In finis instance the children talk about fineir

difficulties and exchange hints and techniques.

Cory describes fine way he was able to make fine bubbles. "When I was blowing a

cylinder, when I got very far it, um, they were both big bubbles and when I rrnade fine cylinder it

was a big cylinder and inside of it, I looked, and inside of it it looked like finere was a circle inside

of it." Thomas exclaims: "That was fine coin." Cory, however, says no it wasn't, it was a "flat

part." Thomas says again "finat was the coin." I ask Cory to describe his bubble again and agree

finat was fine silver coin. Then I ask: "Why do you think, you guys why do you finink fine silver

coin is flat. I mean fine bubble is round but fine silver coin is flat." Cory says: "Because when you
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stick it together it makes somefining flat" and Danping adds: "It squashes each ofiner." I ask her

what squashes each ofiner means.

This is more finan just a description of somean she has seen. It is an idea about why

what she has seen is fine way finat it is-why fine silver coin is flat. She has to be clear about what

she is talking about for ofiners to understand and for us in fine class to be able to go any furfiner

wifin her ideas. Because finis topic of fine silver coin and the shape of fine silver coin seems to keep

resurfacing and because things can be said about it finat are bofin derived from what fine children

can observe wifin fine bubbles and connect wifin ofiner more fundamental scientific principles

about pressure and directional pressure, I have pretty much decided what I want fine class to

pursue when she makes her statement about fine two bubbles squashing each ofine to make fine

coin. This has become a really interesting cut on fine question I had originally finought we rrniglnt

be interested in about the shapes of bubbles. A free bubble is round because of the pressure of

fine air inside it pushing out equally in all directions. This isn't at all obvious-why is fine air

pushing, for example? It has suddenly become obvious because in Thomas's construction finere

are two bubbles pushing against one anofiner so in some parts finey are round but where finey

connect finey are flat. The roundness becomes understandable because of the flatness. It's

obvious fine flat part is caused by fine bubbles pushing togefiner, so fine pushing finat goes on

elsewhere is pushing fine bubble film out and round.

Danping says: "Because fine bubbles is squashing each ofiner and it makes . . . like finis

goes like finis and it just squashes finis, it's almost like two bubbles bofin put in one but it just

squashes it and lays down flat irn the middle." Cory adds: "Like a flat nose." Next Thomas tells

us: "I can explain it better because it's sort of like . . . see finis? This is what it's like. It's flat but it's

round because it's skinny, you can see in both sides but, but what we mean by it's flat is it's very

skinny like finis . . . but it's also round." I ask: "Why is it round?" and Thomas replies that fine coin

is round because fine bubble is round and it is inside fine bubble. This is where I get fine next

refinement in my ideas for fine subsequent classes. In fine future we will begin talking about the

shapes of bubble films and fine shapes created by fineir intersections. The aspects of design we
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will participate in are around trying to control fine placement of tlnose planes and predicfing fineir

intersections.

Thomas and, in a minute, Danping are saying that fine shape of the bubble controls fine

shape of fine intersections between fine bubbles. This gives me an idea from crystallogaphy in

which the shapes of crystal faces are controlled by the places of fine intersections of different faces.

(The relative angles and sizes of finose faces are caused by somefining else finough finat bubbles

don't share so again finis is a partial metaphor.) I don't immediately act on finis idea finough, I

have to let it build up pressure for a couple weeks. At any rate my next question is to ask why

fine coin is flat. Thomas says: "Because it's inside fine bubble and if it wasn't, I wouldn't have

called it a coin for one fining, I would have called it an I don't know." Well, here's an example of

false historical causality. I respond by summarizing fine whole fining alfinough I ignore Thomas's

last bit of logic. "So Thomas says first of all finat fine silver coin is round because fine bubble's

round and when they corrne together it's still going to be round and Danping says finat it's flat . . . "

Thomas breaks in to state: "It is flat!" I continue: " . . . Danping says it's flat because fine two

bubbles are pushing on each other."

Thomas: Right.

Danping: I know why it's round because fine bubble is round, right? And fine edges are

round so when you squash finem it's going to make a round coin, it's not a square coin.

That would be if it was a square one. 'Cause see if fine bubbles are round finen they

squash them so it's round when finey squash them.

Teacher: Hum, Cory what were you saying?

Danping has just made a very nice elaboration on Thomas's explanation for why the coin

is round. It adds to my growing ideas about bubbles as metaphorical crystals but I want us to

stay on fine question of why the coin is flat because we are very close to making sense of that I

finink.

Cory: Um that there's no air inside fine flat fining so it makes it flat. I finink finat finere's no

air in it.

Teacher: Oh I thought when you first started to say that . . . I finought you said finat finere

is no air inside the bubbles.
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Cory: There is. But inside the flat fining there isn't. There's nofining.

This is a pretty important concept. Children finis age have very interesting ideas about what air is

arnd one of fine places finat finey form fineir ideas is in blowing up finings like bubbles and balloons.

Having sorrne idea about what is in the bubbles and where it comes from is important if we are

going to finink about shape and size and that finey have any control over those finings. I ask what

ofiner people finink is inside fine bubbles. Emily changes the subject, though, and says finat she

saw an "invisible line" which squiggled around the bubble. We will get back to what is in bubbles

late. "It wasn't really invisible, it was hard to see but it, like on fine side, on fine sides, finis was, it

was on the side and it would be like a rainbow and right here finee would be like lines finat

would go [she traces a wiggly line with herfingerl." I say that I have seen somefining like finis also.

Then she says again: "The bubble had, like, little lines in it and finen on fine side it was like

rainbows and then in fine middle it was like a line and it went like finis a whole bunch of lines and

it was going like finis very slowly or somefining." This is what she is talking about:
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I spent quite a lot of time wifin Danping and Ho Sook looking at finese lines on fineir

bubbles. There are two kinds of "lines" on the surface of the bubbles. One is formed by excess

fluid flowing down fine sides of fine bubble to the bottom where it drips off. The second are

interference color bands. The actual colors of finese bands is dependent on fine finickness of fine

bubble. The finicker, fine brighter fine color. When fine bubble is very finin, finey appear as black or
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gey lines. The speed fine lines move is variable and is controlled by fine flow of fluid over fine

bubble so fine two types of lines are connected. This flow is more or less downward to fine base of

fine bubble but swirls around. Maybe finis is like Brownian motion? Anyway Ho Sook and

Danping and I talked about how it seems to do with the "water" fluid on fine bubbles and finis is

what Danping means when she now asks Emily if she is talking about fine water. Emily doesn't

understand finis though.

Emily tries to explain what she has seen to Danping, Ho Sook and fine class. "Here's fine

bubble . . . [she indicates a circle with her hands] . . . and then inside would be a little line about finat

big, you can barely see finem and finey're so white finat finey're like invisible and finen like on fine

side finere would be like a rainbow." Danping announces finat she knows what Emily means and I

ask her if what Emily has just described is fine same as the water that Danping and I had observed

running down fine outside of her bubbles and dripping off the bottoms. Danping says: "No I

finink finat she is talking about fine lines that are in fine bubble." I ask from what I have observed

myself: "Are finey fine same lines that sometimes look like they are colors and sometimes look like

finey are black and white?" Danping says finat she isn't sure.

Now Shumshad changes fine subject back to fine flatness of fine coin. He says finat he

fininks fine coin is flat: "Cause maybe there's somefinirng sticking, sticks on and finat makes it flat." I

ask him what he means and he replies that two bubbles stick togefiner making a flat coin. I ask

him what he fininks of Danping's idea that fine bubbles push togefiner to make fine coin flat.

Danping repeats he fineory and adds: "And finey're round so when you squash fine bubbles

together so fine coin is round." Shumshad fininks finat's pretty close to what he's been saying and

finen he tells us his fineory why fine bubbles are round. "You know why fine bubble is round?

'Cause maybe finere is sonne air inside it." I ask what the children finink of finis idea.

Cory: Yes finere's air in it.

Suni: Yes there's air in fine room and it's inside fine bubble

Timmy: The air gets mixed in the bubble and finen when you blow, when you blow fine

bubble it comes out.
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Shumshad: You know I finink, what it is inside it, 'cause you know finat sticky thing? It

sticks the air in fine bubble and finat's why if you . . . blow it then you know when it turns

around right, and finere's finat sticky air finat will stick on it, finat's why it makes a bubble.

I really don't know what he means by sticky air so I blow a bubble finat we can look at while we

talk more about finis. I want finem to associate fine act wifin the bubble.

Emily: Did you see fine lines in finere?

Teacher: There's a bubble why is that round?

Cory: 'Cause of the air finat's in it.

Andy: The air is pushing. When it's going around, it's pushing.

Teacher: Ok hold it, Cory says because finere's air in it makes it round and Andy says

because fine air finat's inside is going around and around and pushing.

Danping: I think because your finger was round and you blow it so . . .

an

\\

I ask if my fingers were square would it make fine bubble square. Some say yes and some

no. I make a bubble An'gele's way:
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and point out finat fine hole between our hands from which fine bubble forms isn't round. Andy

says finat it changes to round and Danping adds: "It first went like finat [elongated] but then it went

to round." Then Danping says finat even finough fine hole between my hands is more or less

triangular fine bubbles become round because "fine bubbles down finere are round so when you

blow it, um, fine litfier bubbles get big so they're round." In ofiner words fine bubbles already exist

in fine soap solution and in making finem large we are just enlarging them.

Timmy asks if he can say somefining about how fine air gets in.

Timmy: 'Cause I think when people breafine, how finey breathe out and then fine air's in

fine room and finen I finink after you put it in your fingers like finis and it's in finere, I finink

fine air comes here and it stops here and then when you blow, it goes out wifin fine bubble.

Teacher: 'Cause you're blowing it out?

Timmy: No because finere's air in the room I finink and finen when you have it like finis,

fine air comes in towards it and finen when you blow, blow fine bubble fine air goes inside

it when you blow.

Timmy is saying finat when you blow you aren't blowing air into fine bubble rather you are

making fine opporturnity for air from fine room to go into the bubble. This comes up again.

Finally Tity says: "When I made my silver coin it wasn't a flat circle." This is fine only

time someone observes finis. The next few classes we concentrate on the shapes of the

intersections between bubbles. These are and aren't really flat. Whefiner they have a curvature is

dependent on fine relative sizes of fine bubbles intersecting. This is really hard to observe though

and we never talk about it again.

Then we returrn to why bubbles are round. Cory says finat it's because you blow into it

like wifin a balloonnyou blow into it and it gets round. The air finat gets into it makes it get

round. If you blow too fast fine air will just go right finrough it and pop on fine ofiner side. I ask

him if finis is the same as what Andy said about fine air going round and round and he agrees finat

it is. If fine air goes straight fine bubble pops. Emily agees wifin Timmy finat it's fine air in fine

classroom that goes into and makes it round. I ask again if it's the air finat you blow in and am
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corrected finat it's the air from the classroom. I ask her if it's somefining about fine air itself finat

makes fine bubble round or rafiner like Andy and Cory have said fine motion of fine air. She says

it's fine air, the air from fine classroom combining wifin fine air from me combines and makes a

"weir " sort of air that goes into fine bubble and is round. 50 I ask what would happen if I were

to blow somefining else, not classroom or my air into it, would it still be round. Danping says finat

all bubbles are round. I ask her why and again she says because fine little bubbles in fine bubble

soap are round.

Now all finis is interesting and 1 table pushing on it for fine moment. I choose rafiner to

ask fine children to clarify fineir statements so finat we can all be sure of finem. Not to have fine idea

finat fine "placement" of the bubble film is at an equilibrium point between competing forces is a

problem but one we will work on. Their idea finat fine bubbles already exist in fine bubble solution

is irnteresting and fineir idea that air can have shape is wrong. Neifiner of finese ideas can't really

be addressed by the directions we seem to be heading in our interactions wifin fine bubbles.

Neifiner effect what we are doing so finere is no reason for me to want to work to confront finem.

I ask if they all finink finat even when finey can't see bubbles finat finere are sfill bubbles in

fine bubble soap. They all say yes and Danping adds finat finese are what we blow up when we

make the bigger bubbles. Andy says that he fininks fine air inside is going around because of fine

movement of fine color bands. He and Emily start talking about finis. Andy says finat finese bands

form right from when you start to blow.

An'gele says finat she knows why you can put your finger into fine bubble. She says finat

it is because fine wet air in fine water hooks on to your fingers so that you are able to go finrougln.

This is quite right, the bubble needs to be able to "wet" a fining finat it clings to ofinerwise it can't

and will break. This is why two bubbles sometimes will and sometimes won't connect togefiner to

make the coin. We work on finis a bit more and fine concepts behind it come up again and again.

We go into finis further starting wifin fine next class when I ask fine children to use and make

implements to make bubbles wifin. How finis works and fine shapes of fine resultant bubbles is

determined by how fine bubble solution is able to wet fine materials we are using for construction.
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Now finough Emily asks what would happen if you have one dry hand and you try to put finat

hand finrough fine bubble. I tell fine children finat wet finings can go finrougin and dry finings will

break fine bubble. We demonstrate finis.

Then i say that I finought Danping's idea on why fine coin was flat was a good one--I

thought so alfinough I wasn't sure. I send finem back to fineir seats and I ask finem to blow a

bubble and look for and at fine lines Emily talked about and finen to make a column and see what

happens to fine lines. They all start talking about how fine lines start moving faster and faster as I

stretch it. Emily points out how when I touch fine bubble all fine lines speed up and start to move

towards my finger "like a magnet." They do finis until recess.

In finis class, alfinough we have continued to discuss bubble shape we've added in more

sophisticated observations about size and color. The children have also started postulating

scientific fineories to explain what they are seeing. I want to make sure finat finey connect fine

finings finat finey see to fine finings finat finey are able to do. I want fineir view of experimental

design to include fineneelves as fine lens former: I want finem to see finemselves as active in fine

process of making observations and formulation explanations about fine science not start to fall

into fine fallacy finat finey aren't part of fine process of seeing.

In fine next class I decide that finey should expeiment wifin bubble size. To do finis I give

each child a lunchroom tray wifin a quarter inch of bubble solution on fine bottom and a straw to

blow the bubbles on fine surface with. This allows fine entire surface of fine tray to form a bubble.

The bubble can be very large because finis surface is much larger finan anyfining finey can form

wifin fineir hands. I also want finem to use fine straw because finat distances them from fine bubble.

They are furfiner away and finerefore finey can look at fine bubble differently. Using a straw also

makes fine act of blowing more focal I finink.

I want to slowly introduce tools. In fine original task fine only tools were fine children's

hands and fine solufion. In fine process of coming to use tools as tools a person has to stop

focusing fineir consciousness on the tool itself and place it on fine outcome instead (Polanyi, 1966).
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At fine beginning of using a tool, fine tool itself is at focus. By having fine children just use fineir

hands in fine bubble solution at the start I wished to focus them on fine properties of fine bubble

solufion and fineir role in forming fine bubbles. Now I can let finem play wifin a new tool and let

finem develop new ways of seeing the bubble solution finrougln finis tool after, of course, finey've

explored fine tool. The point of using tools is finat finey allow a person to see parficular aspects of

fine finings being worked on. This can be passive looking like finrough a lens of a microscope or it

can be an active shaping like a saw and wood. Mostly we do want to finink about what fine tool

shows us about fine object (subject) but (at least in science) we should also be mindful finat fine tool

is selective and we can look backwards from what we see in fine object to fine tool and say finings

about fine qualifies of the tool.

This is also true of teaching. In fine introduction to finis story I talk about fine aspects of

finis class I have deleted in constructing finis narrafive. Many of finese "finings" such as turning out

fine lights to gain control of the class or finouglnt processes I go finrougin to decide who will talk

when, are tools of teaching which enable our explorations of bubbles and design. They also

shape what happens in fine classufinings could happen differenfiy if fine tools were used

differenfiy or if finose tools weren't used and ofiners were. These are my choices because I want

fine class to look a particular way.

As a class we had to learn to recognize finese actions as tools, as symbolic of somefining

else. The children had to learn fine meaning of "lights-out" and to respond to finat meaning rafiner

finan to fine lights being off. They had to learn the conversational patterns of fine class. These had

to become backgound but in such a way finat they could still delineate, articulate fine finings we

should be paying attention to--my next instruction or a child's statement of an idea. We can look

backward from fine outcome and ask about fine background patterns finat enable fine processes of

fine class, fine designing of fine class. That's not to say finat I do finat while I'm using finose tools or

finat finere aren't many and multiple levels of asking. For example, deciding who will talk when

can get at particular finouglnts about particular children in a context or can go furfiner back and

ask why I feel I need to be in control of conversation (to shape fine science, to control behavior, to
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hear different children). We can also ask how do finese tools shape fine science in a small sense--

determine what we are doingnand in a large sense—determine fine concept of science itself we are

developing.

For fine next finree classes I continue to keep fine exploration of bubbles "open"-exploring

ofiner, different variables in turn rafine finan closing in on one particular direction. We talk more

about bubble color, discussing and experimenting wifin finis to some depfin. We spend time

fininking about fine conditions finat make bubbles pop. We continued discussing fine shapes of

bubbles and intersecting bubble films. Finally I start to narrow our explorations down to finis last

by having fine children write about finis question of shape and try to construct particular shapes

with the bubbles. The arguments to explain phenomenon become increasingly complex and

concern fine shapes formed by intersecting planes.

After November, I ended fine first part of finis unit in which fine children nnade bubbles

free—form. In fine classes during Decembe and January I gave fine children finree-dimensional

geometric constructions finat I had made out of straws and paper clips to dip in fine bubble

solution. I did finis because I felt finat at finis point we should focus in on one aspect of fine

bubbles: fineir shape and fine shapes made by fine intersecfion of bubble films. The children used

my geometric shapes for a week and finen I set them fine task of designing in fineir notebooks

finings fint finey would like to make for finemselves out of the straws, predicting what they

finought finese constructions would look like afte being dipped in fine bubble solution, finen

attempting to make these finings so that finey could try finem out. This turned out to be quite an

interesting process to watch and participate in. It led to many discussions about fine process of

design as well as about fine products themselves. As far as what fine children discussed and

finought about for fine actual bubble shapes finey were able to make, I finink finey explored what

effect fine shape of fine external frame had on fine resulting bubble film. There was a general

feeling finat fine extemai shape controlled fine shape of fine bubble. This is true but not as

simplistic as it initially sounds. The shape of a bubble depends upon if you are looking at a two-
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dimensional or finree-dimensional shape (if it is two-dimensional, the bubble film will follow fine

oufiine, if finree-dimensionai fine bubble will be a complex result of intersecting two-dimensional

films), a shape wifin no irregularities (irregularities will warp fine two-dimensionality), a perfectly

stafionary shape. Discussions of fine process of design centered on purpose-why design?-and

fine frustrations of translating designs, from paper or from your head, into reality. This is very

much what Schon is talking about I finink when he calls design a metaphorically shaped process

of dialectics between person and materials.

In fine next phase of finis unit we focus much more on finis process of design, bofin in what

we are doing and irn our discussions. The science we talk about follows from fine finings we are

able to make much more finan the finings finat we design follow from fine science. This is not fine

usual way we are taugint to think about fine processes of science (i.e. Popper). The point is fine

designs (noun) and the process of design (verb) control fine science and fine class (teaching).

I return to my narrative about fine class in February. The children have been working by

now for two monfins wifin the straws, paper clips and bubble solution. The children have become

deeply involved with the problems of design and many of our discussions start with finis: what

have fine children been able to do? What wee finey trying to do and what were fine problems?

From finis we moved to discussions of fine science of bubble making but not in finis first class. In

finis class we talked about problems of design and what children did about finem.

Discussing problems ofdesign

By now everybody in the class has been able to make at least one fining wifin straws and

paper clips and rrnost have tried it out in fine bubble solution. I ask what kinds of finings finat finey

have made, I ask if finey were able to make fine finings finat they designed and whefiner or not finey

found finat easy. Some respond yes and some no to the question about whether or not it was

easy. I ask who found it hard and ask Teton to tell us why he found it hard. I call on Teton
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particularly because his design was extremely interesting. He wished to make a dome wifin a

series of arches made from fine straws curved by utilizing fine extendable elbows. He is fine only

child who was interested in fine design phase in using finis property of fine straws. Ofiners did use

finis property but not in a planned way. Rafiner finey came to use fine elbows during fine alteration

of fineir designs during construction.

This to me was what finis whole fining was about, an interplay between design and

material in which fine properties of fine material could be altered spontaneously because of fine

difficulties in achieving fine design. Schon talks about fine design his students were engaged in as

an interplay between aesfinetics, fine intellect and emofive qualifies of fine individual wifin fine

qualities of the material available for construction.13 Those students are engaged in fine actions of

design as they play wifin fine materials. In my assignments, fine children's initial design is in the

absence of interaction wifin fine materials. I feel that by doing finis I have generated a problem for

the children.” They are trying to make somean irn particular. When finey go to fine straws and

paper clips and finally fine soap solution finey are trying to use those firings to make fineir design.

This can be very frustrating and usually involved eifiner altering (or attempting to alter) fine

properties of fine materials or of fine design. In the end it could mean a compromise, radical

alteration or, for some children, complete abandonment of one design for another or for just

empirically playing wifin fine materials to try to make sorrnefining. There was also a lot of

discussion going on between children, between fine children who were able to turn fineir designs

into real objects and finose who were experiencing geater degrees of frustration. The reason that

I did it finis way was because I wanted the children to be fininking at fine initial stages of design

about what it was they were trying to make with fine soap bubbles, not fine straws so much. My

idea in doing finis was that I knew there would be big surprises in what finey actually did make if

their constructions were finree dimensional.

 

13Donald Schon (1990) The Theory of Inquiry: Dewey's Legacy to Education.

14Dewey's (1933) in How We Think suggests a concept of what drives inquiry. (The question is

inquiry into what?)
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The final step, trying out fineir constructions in the bubble solution, was always filled

wifin discovery and surprise. They never got what finey had anticipated except finose children

who rrnade simple two-dimensional shapes. Now finis could have gone finree ways (I figured):

children could have finen altered fineir constructions to try to make somefining in particular wifin

fine bubble films, finey could have just been interested in what finey did make or finey could have

again worked empirically with fineir constructions and fine bubble solution to try new finings out.

Wifin the straws finey mostly did the second fining. In fine next part of finis unit, where I give finem

wire to make fineir constructions (which is much rrnore free-form and easily altered) virtually

eveyone finat I could see did fine finird fining. I decided to go to wire because I found fineir use of

fine straws very limited and finey were just difficult to work wifin. Wire lends itself to accidental

forms and also to finree dimensions much nnore easily.

But back to Teton. I have asked him why he finought it was hard.

Teton: Because I was trying to make somefining and and I got one in my head and I

couldn't make it so I had to make another one but that one didn't work. Only two pieces

worked.

I asked Thomas next. Thomas tried to make huge complicated finings. Remember finat Thomas

competes in Lego design contests. He did a lot of making initial finings and finen altering finem

and building on additions. Again I ask him if he had a hard time.

Thomas: Well sort of, I don't remember, well I think I had a hard time, I don't really know

why.

I ask Andy. Andy: "Well first I was going to make something different but I found it too hard so I

made finis, it was hard too but I didn't give up." I ask him to show kids what he rrnade and ask

him if he drew it first or if he had just made it. Andy: "I made it." Teache: "You made it first

before you drew it?" I ask him what was hard about his first one and he says it was just hard to

rrnake. Cory says that his was hard to make because he "had to make two stuck togefiner." He

points out Suni's which has finree stuck togefiner. He is talking about the joints made by fine paper

clips.
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\Paper clip joint

Sorrne of finem wanted to rrnake finings wifin very complicated joints wifin many straws coming off

of one point. I ask Cory why he found finis so hard. Cory: "Because when I was looking at finis, I

didn't know how you put finose paper clips togefiner so I did it like finis . . . "

I show fine children some shapes finat I have made and also Suni's and I return to what

Cory said about fine paper clip joints. 1 show them Thomas's construcfion in which he rrnade a

different kind of joint in which he bent fine paper clips. I ask if anybody else bent fine paper clips.

Paula says finat she did it at home and finat she didn't know it would be alright to do at school. I

also show people how Thomas and Teton had bent fine straws at their elbows so finey could get

curves.

I return to asking different kids why finey had a hard time making fineir construcfions. I

ask An'gele. She says: "Well some, finat one fining was fine hardest if I can find it, oh here, finat was

very hard because i was having problems. First I was trying to make fine tetrahedron at fine top,

see? First I rrnade fine tetrahedron and finen I put all finese on and it turned out . . . I don't know

how I did it, it was very hard." Teacher: "It was hard to get it to look like you wanted it to look is

finat what you are saying?" An'gele: "Actually at first I wasn't even trying to make finat, at first I

was trying to make a tetrahedron and finen it came out and I said well that's neat and I kept it."

Teacher: "So what you are saying is similar to what Teton was saying you couldn't make fine fining

finat you drew so he ended up making somefining else?" An'gele: "Actually I was really trying to

make a tetrahedron but I couldn't but it doesn't rrnatter."

I summarize finis discussion. I say finat I have heard finree finings, finat Teton said finat it

was hard to make fine fining finat he had drawn, Cory and Suni saying finat it was hard to use fine

paper clips and materials, and An'gele saying "I was just trying to make a tetrahedron and it was

hard to get it to be shaped like a tetrahedron and when I tried, it came out wrong but I liked fine
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shape finat it was so I kept it." I restate finis "So actually what happened was that you were able to

make a shape finat you liked better." She agees.

Sakti shows us her's and says finat she found it hard to have a joint wifin finree paper clips

and one wifin two. i ask if she is saying finat it was hard to make it finis way or to know finat it

needed to be made finis way. She says finat "it was hard to know finat it would need finree paper

clips finere."

The children have been talking about fine struggles they found in trying to implement

fineir designs. These struggles arise because of a lack of knowledge about fine properties of fine

materials finey were working wifin and an inability to articulate, to specify and describe, fine exact

qualities of fine desired construcfion. In fineir talk, fine children indicate various strategies for

dealing with finese difficulties--when they discover what fine properties of fine materials finey are

working wifin are, fine design changes to accommodate finis. The children could "discover" how to

specify and enact fine steps needed in construction because of fineir vision of fine end product. Or

(as most do) finey change their vision of fine end product. In each case finere is an interplay

between design and implementation-«fine two are inseparable. The final test of whefiner or not a

construcfion‘s faults make it undesirable comes when fine child tries to use it. The only child in

fine above discussion to actually try her design in fine bubble solution was An'gele. Note she is

fine one to say: "Actually I was trying to make a tetrahedron but I couldn't but it doesn't matter."

When she tried it out, the undesired fining finat she had rrnade was suddenly desirable.

I get back to finose children who had nnade somefining wifinout designing it first. I ask if

finis was easier or harder. Cory says finat it was easier. Cory: "I didn't design mine because I had

it in my head." I ask him how finat is different from designing it on paper. Cory: "Unn, because

it's different because it's in your head and finere's no paper in finere and you just have to make it."

I ask him if he did have an idea of what he wanted finough first and he says yes but he was able to

just make it. Then he drew it. Dan also says finis so I ask again if finey already had an idea in fineir

head how finis was different from designing it, other finen just writing it down. Thomas says: "Oh

I finink I know, designing it means like building it but designing it really means finat you have a
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picture and it's easier to design it in your head because you can see what it might look like but if

you try to draw it it might not look like it 'cause it's easier to design in your head because when

you draw it's real hard. Tity says: "And you don't know what it's going to look like later." Suni

says: "You can see it in your head and you can try to draw finat as best as you can." Thomas: "But

you might draw it wrong." Suni: "It takes time." i ask him if when it is in your head it is a design

and he says yes because "when it is in your head you can finink about it and remember it."

Thomas agees finat a picture in your head is a design "but you have to have it in your head for all

fine time finat you are making it."

In fine next two classes we moved from talking about specific strategies fine children

developed for dealing with fineir design problems to talking philosophically about fine meaning of

the term. In each instance, fine children can be heard to be weighing fineir designs and fine

problems they found in implementing finem against fine effects finey achieved. The decision to

keep somefining finat has not come out as desired or to continue to work to achieve a pre-

determined end is rnade by weighing fine original "vision" against what is actually acinieved. The

f‘unal value is placed when fine construcfion is used. When finis happens, no matter what fine

qualifies of fine construcfion, somefining new is seen. The quesfion is how much is finis unexpected

result valued by both the children and myself. This is what determines whefiner or not new

science is discovered.

In fine next class I give fine children flexible wire and plasfic aquarium tubing to create

bubble construcfions. This is, on fine one hand, easier to work wifin, hence designs are easier to

make, but fine material also lends itself to geater degrees of unexpected results when dipped irnto

fine bubble solufion. I invite finrougin finis material a heightened level of play between fine

potenfiai to control and fine realizafion of fine unexpected. In finis way I hope to sfimuiate bofin fine

process of design and experimentafion and fine discovery of new science.
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Problems ofdesign and their link to science.

February 25fin

Today I introduce fine wire and also finin, flexible, plasfic tubes finat finey can use to make

bubble construcfions. I tell finem I did finis so finat finey would be able to make curvey things. I

had made a couple shapes: a sort of pretzel out of pipe and a helix out of wire.

g Q

I suggest finat finey can use fine wire and pipe or finose and the straws too.

   

Tity asks how finey are to know how long a wire finey will need and I tell her finat is part

of designing it.

I ask finem what finey think fine helix would look like when dipped in fine bubble solufion.

Cory says he doesn't know, "Maybe finere might be nofining." An'gele says: "I finink it would look

like all circles because finat's mosfiy circles but finat little wire finat goes finrough, finat might pop

one of the bubbles you would have to get finat wet first before you can make finem." Thomas says

finat he thinks it will look like somean finat he can't describe but he fininks finat "it will cover finis

and cover all these also and cover finis end and it will be like finis is all glass and finis is holding all

fine glass up." Cory repeats "finee might be nothing." I ask him why he says finis but he says he

doesn't know. Then he says finat he sort of agrees wifin Thomas because finere is sonnefining inside.

Danping says finat it will look like a "piece finat goes around, I mean fine inside part, it will go like

finis, it will kind of twist around." I try it. Many children start to call it a slide. Cory says it looks

like "sort of glass inside of it." Suni says it looks like a glass of water.
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I ask what they finink fine pretzel shape will look like and finey all say a circle. I try it. It is

a series of intersecfing planes finat curve. I say it reminds me of fine silver dollar. I point out how

fine shapes are moveable because fine construcfion isn't rigid. I do finis and get fine bubble planes

to rrnove in and out of each ofiner and make different configurations. An'gele says finat it reminds

her of a fan. Andy says a flower. I say that finis would be an okay descripfion of a predicfion

when finey are wrifing.

I ask finem to go back to fineir seats and start designing what finey would like to make

wifin the materials finat are now available to finem. Then I ask finem to make predicfions about

what fine bubbles will look like before they try them out.

They spend fine rest of fine class doing finis.

I have given the children new materials wifin new properfies to work wifin now. These

materials are bofin easier to use and harder to control. I invite fine unexpected in our results. The

children respond to finis wifin a reducfion in fineir struggles over tryirng to construct a parficular

design. Rafiner children now seen to spend much more fime reworking fineir construcfions as

finey try it out in fine bubble solufion. The acts of design, construcfion and empirical work wifin

fine construcfion are compressed.

The new constructions as I have said are much less controlled. When a child makes an

apparenfiy two-dimensional heart shape out of wire, it is rarely twodimensional. It is always

warped in mulfiple direcfions and asymmetric in oufiine. The wire itself once bent never

becomes smoofin and straight again—it retains litfie kinks and crenellafions. All of finese

irregularifies have repercussions when fine construcfions are used in fine soap solufion. The most

obvious manifestafion of finis is in a change in the children's attempts to describe fineir creafions in

our subsequent talk. Rafiner finen using geometric terms which assume a symmetry, fine children

in fine rnext day's conversafion resort to metaphor. This is ferfile scienfificaily. Metaphor is a form

of language use that is fundamentally comparafive. It invites discussions of sirnilarifies and

differences bofin descripfively and funcfionally. The new object-how does it look like a water
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slide and how not? How does it act like a water slide and how not? This talk is embedded in fine

conversafions in fine rest of fine unit and it is instrumental in fine increased intensity of our talk

about fine science rafiner finan fine design facets of fine unit.

Discussion ofscience increases.

February 27fin

I ask if anyone has finished fineir design and tried it in fine bubble solufion. A couple

have like Cory, Danping. I find Danping's creafion (a helix like fine one I made) and ask lner what

it looked like when she dipped it. She says it looked like a piece of glass. I ask what ofiner people

finink it might look like. Timmy says a slide. Emily says a water slide. Cory says a bubble slide.

Sueh-yen says a bubble can. I ask Danping to dip it in. When she does fine children see a rainbow

at fine top of fine helix.

Suni says finat when he heard Danping say finat it looked like a glass, he finought she

meant finat fine bubble would be all over the shape (I finink he means like Sueh-yen's "bubble

can"). He says: "I finink finat is what it will turn out to be if you don't have finis middle part. I

finink it will be like a big piece of glass if it doesn't have finis fining in fine middle." I ask him what

he means and he says finat it will just have a bubble around the outside not in fine inside. I say

finat we should try finat. (We do later.)

I pick up Emily's who has made a heart out of fine wire and ask what fine kids finirnk finat

would look like wifin bubbles. Kwanhyo says that she fininks it will look like a "piece of heart."

Thomas says: "It will look just like that (fine heart) but with glass over it." I ask Emily to try it.

When she does Thomas says finat is what he meant. Cory says that finere are rainbows inside of it.

Many kids exclaim over finis. The prominence of colors in all of finese construcfions wifin the wire

is because of fine irregularifies in fine construcfions finat fine children make. It is really hard to

bend finese wires finat finey are using wifinout introducing kinks and curvature changes which are

not regular. Also planar construcfions like finis heart are not planar but are usually warped in
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irregular ways. These two finings 'cause fine bubble surfaces to be bent in a number of different

direcfions. This is not an effect finat we were able to get wifin fine straws and paper clips. Anyway

when fine bubble films are bent in these ways the children see finrough fine films easier and fine

films are under anisotropic tensions so finat the light is refracfing differenfiy and fine children are

better able to see the effects of finis. Cory and finen ofiners start naming fine colors finat finey see.

Then Cory nofices finat fine rainbow disappears and "once the rainbow is gone fine bubble pops."

T'lne bubble gets fininner and fine colors are dependent on finickness and disappear as fine bubble

gets fininner and fininner.

Then I pick up Thomas's construcfion which is out of fine pipe material rafiner finan fine

wire. He has made a series of curves which he has put togefiner into a sort of dome not unlike fine

design finat Teton was trying to make out of fine straws. His construcfion finougln is huge, bigger

finan the plasfic basins finat we have fine bubble solufion in. He has also been doing fine kind of

adding on to his construcfion that I noted in fine part of finis about fine straws. Thomas says finat

he doesn't know if it will work because maybe it is too big to fit. 1 ask him if finis is what he had

originally designed and he says yes. Now finis is not what he had originally drawn but as he

alteed his construcfion while he was making it he also went to his drawing and alteed finat. He

was very careful to do finis wifin each step of his changes. I finink finis is inteesfing because often

fine children didn't build what finey had designed but usually finey waited unfil finey had

completed a structure finat they liked before they re—drew fineir design. After Thomas tells rrne

finat he made what he designed I ask if ofiner people were able to make exactly what finey had

designed. Some say yes and some say no. I ask Teton and he says not really. He says finat he

drew his picture and confinued to finink about it as he worked. Again note how fine acts of design

are a dialecfic between construcfion and realizafion, materials and fineir properfies, vision of fine

final product and results.

I ask if people can predict what finey finink Thomas's construcfion will look like wifin

bubbles. This marks fine beginning to fine children's talk in which increased and ferfile use of

metaphor can be seen. Cory says "nothing or lots of circles and a rainbow inside." Alyosha says
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"like a circle on the bottom and whatever finose are (Thomas suggests circles) and from finose on

fine both sides, finey go all fine way up there." Cory: "It would look like a butterfly." Shumshad:

"It already looks like a rainbow." Dan: "Like a wood basket where you put wood." Thomas:

"Nofining I don't finink it will fit in." Then he tries it and gets a lot of it in. It makes a very

complex set of intersecfing curves. Kwanhyo: "It looks like a glass basket, fine top of it." Cory:

"Whenever he moves it, rainbows come, but it only works for fine sides." Teacher: "Do you have

to move it to get the rainbows?" Thomas says no, Cory says yes. An'gele asks if he could dip in

fine ofiner part finat he nnissed before and I ask what difference she fininks finat would make. She

says finat she fininks it would look like a rainbow. "And maybe it would go up and down and also

across." I try it by dipping in one side and finen fine other. I ask if it did what she finouglnt it

would and she says sort of. Cory asks me to do it again because he says finat he saw fine bubbles

shiffing inside fine construcfion. "There was a crystal ball right here and finen at fine back of fine

wall, it was weird." Tity says finat it looked like a sunset "because finese (the curved tubes) look

like a half of fine sun." Suni says that he saw the back wall and crystal ball also and that he

thought finey looked like "a sun and fine sun's baby."

Next finey confinue on designing, building and tesfing fineir construcfions.

Much of fine children's descripfion of these new construcfions makes use of metaphor.

The increased complexity of fine new design has sfimulated metaphor use-fine shapes aren't given

to easy descripfion. Working on fine science means developirng language, ageeing on meanings:

developing a community irn the discourse community sense. At fine start fine use of metaphor

enables difference/similarity comparisons which is ferfile scienfifically—it invites conversafions

about what a child does mean, exacfiy. Also the use of metaphor has implied explanafion

embedded wifinin it, finese words are not purely descripfive. l finink finis is because fine metaphors

are funcfional words as well as descripfive. The words fine children use-saws, rainbows, baskets,

glass, slides--imply somefining about fine way fine object looks and also how fine object is made

and how it can funcfion. Again finis echoes Schon's ideas about fine use of metaphor in
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engineering and urban design.15 This is where and how finey become fefile gound for scienfific

discussion.

In fine next class fine children confinue to talk about fineir strategies for fine construcfion of

fineir designs. Note finey are acfively reworking fineir construcfions as finey try finem out in fine

bubble solufion. Their use of metaphor goes from being descripfive to becoming generafive

scienfifically--I have a role in finis finough. I finink because there is an increased discussion of fine

science, rafiner finan of fine acts of design (which was primarily individualisfic), finee is a coming

togefiner of ideas and people working togefiner on one phenomenon. There would suddenly seem

to be a community talking together about shared quesfions, profifing from differences and

similarifies.

Discussion ofscience and the role of metaphor.

March 3rd

We start class looking at some of fine construcfions fine children have rrnade. I ask if

people found it easy to make the shape finat finey designed and I get a lot of no's. Cory says finat

he had trouble because his was too big. Andy says his was hard because he didn't really know

what to make. Then he says he made somefining and finen drew it. I ask if some people found

finat finey tried the fining finat finey had made and then altered it when finey tried it in fine bubble

solufion. Tity says finat she made a heart and finen when she tried it it didn't work so she changed

it so it looked like a wing. She says finat Shumshad told her to make it smaller but she didn't

want to. She says finat she finought it didn't work because it was too big. I pull out a very large

construcfion and ask if the kids think it is too big to make a bubble. Some say yes and some say

no. Suni says it looks like a helmet. Paula says it looks like a basket. This is An'gele's. She

 

lsSchon, D.A. (1984) Generative metaphor: A perspective on problem-setting

in social policy.
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originally rrnade a chain of hearts but after trying them in the bubble solufion she changed fine

design so finat fine hearts were nested inside each other. It also has a handle. I ask her what she

was fininking about when she rrnade it. She says that she couldn't make it come out like Tity's and

it's not finished yet. Suni says finat he tried to make somean similar. He fininks it will look like

a glass over it.

I ask finem what they mean when finey say it's going to look like glass. Suni says "like a

bubble finat's kind of like shiny and you can see finrough it and fine bubbles shine just like glass." I

dip it in and ask Suni if finat is what he had predicted it to look like arnd he says yeah. I point out

part of fine bubble at the top where the wire is all crinkly and fine bubble shows a lot of curvature

changes. Kids say finey see a rainbow.

In fine second half of finis discussion, fine children start to have inspired ideas about fine

science. Please note how finis is fied up wifin fine use of metaphor and experimentafion. The

science is dependent bofin on how observafions are described and how finey can be acted on. This

is at the core of Schon's ideas of metaphor as generafive in design problems. The metaphors

embedded in design capture aspects of fine problem fine design is constructed to address. In

irnplemenfing fine design ofiner aspects of the metaphor and of fine problem become highlighted.

This is generafive.

We look at anofiner construcfion finat no one claims. It is a spiral with no central axis.

Suni says finat he fininks it won't work as it is rrnade, you have to somehow close off fine ends.

Emily says finat she fininks it will make anofiner water slide. Thomas says finat he fininks it will

look like "well finis is just a predicfion but I think it will be covered here and it will be like a cone

but finis won't be filled because it's not connected but finis would sort of be like a can I finink." I
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ask if finat is what Suni meant when he said it should be connected. Sueh-yen fininks it will look

like fine helix. I ask if at fine top where whoever made it had put a sort of circle but not quite

closed it off finere would be a bubble. Some say yes and some say no. Sakfi says yes because it's a

loop. I ask if she fininks fine loops in fine spiral will make a bubble. She says that she doesn't finink

so, it will make a bubble at fine top but not furfiner down. I try it as it is. Nofining happens and I

ask why. Thomas says because air is getfing into it. I ask what he means by finat. Thomas: "I

finink bubbles trap fine air inside but if finere is a hole in fine bubble it will just pop. like if you, if

finere's a litfie hole, it blows up like a liglnt bulb, if you make a litfie hole in a light bulb it will

blow up, on or off." This is a very interesfing metaphor to examine in finis context. The science

finat we have been working on all finese months is coming togefiner here as are fine children on finis

one quesfion and set of ideas. For fine next few paragraphs of finis discussion finere is apparent a

coalescence of children fininking and working togefinerua community.

I squeeze fine rings togefiner:

 

and dip it in. Suni says he knew finis would work. I ask if they finink finat the pieces of wire have

to actually touch each ofiner to get a bubble. They all yell yes at me and Suni says finat is what he

was trying to say before. I try just getfing finem real close wifinout touching and try it. It doesn't

work. I ask why doesn't it work. Thomas says because too much air is getfing irn "like a light

bulb." Alyosha says finat is fine same fining wifin balloons. "If finee is a hole in a balloon all fine air

will come out." I rerrnind Suni what he had said about fine spiral making a tube and ask why he

fininks that didn't happen. Suni: "See if you connect bofin of finese finen it will make a tube." He
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wants nne to make circles at either end. He does finis and Cory points out finat it is litfier. We try

finis and it makes bubbles on fine two ends but not in fine middle. Suni: "I finink I know fine reason,

'cause see finis is smaller and finese are different sizes finan these two, finey have to be in fine same

order." Shumshad wants to make a loop in the middle and he tries it and gets bubbles in fine

loops. I point out finat finere are sfill no bubbles between loops.

Suni wants me to try a piece of fine original wire which forms a slinky sort of shape. I get

one. He fininks it is important finat fine loops are all fine same size. The kids finink finat would

work. Thomas says it won't work because "finere's no support, it can go up but it can not go

sideways. If it went sideways it would be hard for it. It's not too easy to go sideways, I don't

know why but I don't finink it will work." I ask Suni what he fininks of what Thomas said and he

says he disagees, he sfili fininks finere will be bubbles along fine side. He finen says finat he isn't

sure if fine bubbles will be from fine inside (like fine helix) or on fine outside. Shumshad says finat

he fininks finey can't come from fine inside, it won't work from fine middle unless I squeeze it.

Danping says: "It will turn out nofining because it doesn't have a fining in the middle so I don't

finink . . . fine bubble will just follow fine inside part. 50 it has nofining to follow."

I try it and nofining happens. Thomas and Suni say finat finere wasn't enough finings to

hold it and finere has to be anofiner part. I ask about Shumshad's suggesfion. Danping says she

fininks it will work because finen it will have a circle. I try it and it does work. Cory says to let it

go (lne fininks the bubbles will extend?). I do and fine bubbles break. Cory says that he fininks he

knows why it won't make a bubble wifinout fine inner axis. "Because maybe fine water is slipping

out and it has nofining to hold it in." Cory suggests connecfing the wire loops wifin anofiner wire.

An'gele says it didn't make a bubble because just like everyone keeps calling fine helix bubble a

slide, "maybe fine bubble keeps sliding down into the water and if you blink your eyes you can't

see it."

There is some talk about their strategies for fine construcfion of fineir designs. They sfill

remark on fine frustrafions of trying to realize an ideal design but much more finey are acfively
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reworking fineir construcfions as finey try finem out in fine bubble solufion. The children seem

much more ready to abandon inifial ideas about their construcfion as finey find new and

interesfing finings in what finey have made. As fine children talk about their designs now finey are

actually talking about the results they obtained when finey tried them in fine bubble solufion and

they talk in metaphors. Their use of metaphor goes from being descripfive to becoming

scienfifically generafive. This is enabled by me irn a manner analogous to fine way I described

searching for a fineme during fine first conversafion fine class had about bubbles: I am listening for

commonalifies in fine finings fine children say but now not just commonalifies wifinin fine class but

also finings finat resonate wifin my stores of scienfific knowledge. Ifl hear a number of children

saying finings finat are ferfile scienfificaily, I work to make fine science come out. I do finis finrough

quesfions rather finan explanafions: I pose quesfions. I want fine children to confinue to offer fineir

own ideas and explanafions and share them with each other. I finink because finere is an increased

discussion of fine science, finere is a coming togefiner of ideas and people working togefiner on one

phenomenon: the core of a community in an idealistic senses: people talking togefiner about

shared quesfions, profifing from differences and sinnilarifies.

In fine next class finere is even more explanatory scienfific theory making by fine children.

Note fineir fineories about how bubbles work are infimately fied wifin statements about the design

of fine experiment. There is an implicit recognifion of interrelafionship of fine design (which finey

have made) and resulting bubbles. The finings that finey have seen and are trying to describe and

explain finey know that finey have made—fine result must be explained by a combirnafion of

attribufion to fineir own acfions and fine qualifies of fine bubble solufion itself. There is an implicit

appreciafion of the interdependence of fine phenomenon and finemselves as acfive shapers of fine

results. The results are dependent upon what they do. Again note fine evidence of a community

wifin fine children working on fine same idea and talking in a manner about fineir construction and

ideas finat has been developed and validated finrough fine organic process of fine community itself.
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How discussing the act ofdesign facilitates a recognition in“human agency in science.

March Sfin

We look at Andy's creation. Clnildren say it looks like a hat.

I1]‘\\\

I dip it in and say finat in one place the bubbles seem to go straight across but in ofiner places the

bubbles come together like in fine tetrahedron.

   

 

intersections

of bubble films

I ask why in one place do finey do finat but not in other places. Thomas says that it's because finere

is a triangle. I ask him what difference that makes and then if he is seeing a triangle in fine wire

(because I didn't see finat). He says yes and shows me where and I ask if he means a part finat is

curvey and he says yes but finat doesn't matter. Suni says that the wires are like a triangle and it's

because fine wires come together into finree that fine tetrahedron effect is achieved. Abeni says

that she thinks the straight part of the bubbles are because finere the wires are straight but in fine

ofiner part fine wires corrne togefiner. Suni says finat if the wires went differenfiy and made a

different shape so would fine bubbles. Shumshad has noficed something and poses a quesfion
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about it. He asks why in one place do fine bubbles curve up. Suni says because finere is "no

gavity over here, I finink finere‘s . . . it doesn't feel a lot of gavity that holds it down so finey just

try to sfick up and sfick together so finey make a kind of a hole." Cory says finat finey sfick up

because of fine wire and finat's the way Andy rrnade it and he tells us to look very closely and we

will see finat the wires aren't really straight, finey're curved. He points out finat we need to look

from different angles. It can look straight from one angle and curved from anofiner. Then he says

finat "maybe the bubbles have to hook on to somefining so finey have to go to finere (creafing fine

curve)"

I break one of fine bubble films by mistake and ask if anyone noficed what happened

when I did finat. Cory says finat fine irntersecfions between fine bubbles which defined fine shape

we were talking about moved. We do some more of finis, popping different ones. At first we get

a triangle and then as we progessively pop bubbles we get fine circle. Shumshad says finat when

he pops it, it causes fine intersecfion between bubble films to move down. We do it again.

Shumslund says that the triangle bubbles hold fine bubble creafion up and when finey break it goes

down. Suni says that he fininks it wouldn't do finat if fine wire shape was a square. He seems to

be saying finat fine shape created by fine intersecfion is created by fine wires being too close

together and wifin a square fine wires would be furfiner apart. Cory says finat he fininks popping

one effects fine others because "if you look very close, I finink fine bubbles go over fine wiring, they

hook onto the wiring."

Suni suggests finat if finere were a wire across fine bottom of finem it would hold fine circle

even with the ofiner bubbles. Then fine bubble would be able to "hook on." Shumshad suggests

finat we pop fine bubbles from fine bottom first rafiner finen from fine top like we had been doing.

This changes fine whole fining. The irntersecfion moves up, different bubbles get differnenfially

bigge and in fine end we have windows in fine upper spaces between fine wires. Shumshad says

finat he finouglnt when he did finis that by popping one of fine bottom films he would have popped

finem all. He says he finought finis because fine film he chose to pop was touching all of fine ofiners.
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An'gele says finat she knows why one part pops before another part. She says finat one

part "has better gavity and plus finis part was sort of harder to make and finis part is bendy and

it's harder for fine bubble to go bendy then straight." Alyosha says finat fine bubble intersecfion is

in fine posifion it is because fine bubbles hold it up and fine air is pushing it up. Suni fininks that

something funny happens, a funny shape is formed when just one bubble is popped.

We start again making and tesfing fine wire creafions.

In finis class the geometric and metaphorical descripfions of fine bubble construcfion is

closely fied wifin fine children's explanatory scientific theory making. Their fineories about how

bubbles work (finat finere is a play between gavity and the frame of the structure which

determines fine placement of bubble intersecfions, finat the existernce of fine bubble films

finemselves are dependent upon the ability of fine bubble solufion to "hook" on to fine wires).

Explanafion of phenomena is infimately fied with statements about fine design of fine experiment.

The children as finey work on finese ideas are talking togetherufinere is an increasing sense of

ideas shared and growing because they are being shared. Again I feel finat finis is a manifestafion

of fine community developed around a purpose and shared acfivity in fine class.

In fine next, our final class about bubbles, we re-focus on why finere are colors, in

rainbows, hologams, bubbles-the science of diffracfion and lightufine principles in each context

are fine same. The class moves from a considerafion of bubbles to finirnking about fine applicability

of fineir ideas to ofiner phenomena. Being able to do finis is because a design has bofin a

background and a foreground. The apparent and obvious part of fine design is fine foreground.

That is composed of fine finings we have been doing: working with bubbles, talking about finat

phenomenon. We can move though from finis design to anofiner by recomposing fine foreground

from ofiner parts of fine background, by rearranging fine components of fine foregound to

accommodate finose. In fine class and fine teaching the progress of finis follows fine same pattern of

our ofiner explorafions and conversafions: we move between observafion, metaphor, explanafion,

doing things, use of tools and of fine community. These and fineir interrelafionships compose fine
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pattern, fine design, of fine teaching as well as of fine community of fine class itself. Community,

because it reflects fine pattern and design can be dynamic, its focus can shift and move.

The last class: A consideration of background as well asforeground.

What this can mean in science.

March 26fin

This is fine last class we are going to have about bubbles. Kafiny and I have planned a

field trip to the local children's science museum for our next class. At fine museum, finere is a

special exhibit about hologams and lasers. I wish the children especially to work wifin finis

exhibit and draw some connecfions to our work with bubbles. For finis reason we spend quite a

lot of finne talking about what holograms look like and discussing examples of holograms fine

children have seen (i.e. Princess Leia in Star Wars, on credit cards). We examine examples on my

credit cards.

I ask what they see when they look at fine hologams on fine cards. Abeni says finat it is

shiny and has rainbow colors. Tity says finat it's silvery all over. Sueh-yen saw that it reflected

liglnt. He also saw finat fine bird changed shape as he moved it and fine backgound reflected his

face. I ask fine kids who hadn't seen Star Wars if finey now had an idea what a hologam was.

Shumshad says that it looks real and it moves. Ennily says finat it's not real finough.

I ask where they finought fine different colors came from. The children say fine light. I say

finat fine light isn't different colors is it? Dan says finat yes fine liglnts are different colors. He points

to diffeent liglnts in fine room which are different levels of white. Emily says finat fine light sort of

reflects itself to make colors. Thomas says finat we could do an expeiment wifin a prism, fine light

may not be different colors but fine prism can show us. I ask him if he is saying finat fine white

light can be many colors and he says finat it can be fine colors of fine sun. I ask what are fine colors

of fine sun and he starts to list: blue, purple, . . . . Ofiner children start to disagree. Ofiners agree

and confinue to list fine colors of fine spectrum. I ask Thomas if he is talking about a rainbow and
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he says yes. He says finat fine white light can make fine rainbow light and wifin a prism you might

be able to see it.

I ask what other people fininkuhow did fine hologam get fine colors in it. Paula says finat

fine colors in fine rainbow come from white light. Then she says finat on fine hologram fine colors

corrne from fine light reflecfing on fine silver pattern. Emily says finat there is "an invisible rainbow

and it can go finrougln our school roof and it can go through anngand when it touches finat,

finat silvery piece it would shine 'cause you know how a rainbow is like finis and a sun is riglnt up

here and it moves around in a circle, it could reflect 'cause if finey were on opposite sides it could

just go like finat and it would sfill go down." I ask if the invisible rainbow comes from fine sun or

if it is always in the sky and we can see it 'cause the light goes through. "It's in fine sky 'cause the

light goes finrough." Danping disagrees wifin Emily. "1 don't finink finere's such a fining as an

invisible rainbow. I finink on fine credit card finere's sort of like a plasfic piece finat's cut out like an

eagle and they put some kinds of finirngs on it and finen when fine liglnt shines on it it just comes

out like a rainbow." I say but fine light is white. Sine responds: "I know but when fine light shines

on the plasfic I finink finey put somefining on the plastic to make it shine, so it makes it shirne like a

rainbow." I ask her if she is saying it's somefining in fine plasfic and she says yes.

Shumshad agrees with Danping "a little bit." He says if finey cut out a piece finat's silver

and put sorrne kind of "nnedicine or somefining finat's kind of shiny and finen finey put a plasfic

piece on the card and then if you move it, it will go.

Suni gets back to fine colors of the sun. He says he disagees wifin Thomas, finere isn't any

blue on the sun. "They have a different name and finey're not colors like blue but my Dad . . . well

actually I really forgot those names." Thomas says finat "the colors came finrougln my window and

I saw blue." Suni repeats finat it might look like blue but finat's not what it's called, "it's not really

blue." Thomas asks "well what color is it?" Suni says finat when his Dad showed him finis finat he

finouglnt it was blue too but it has a strange name. I ask him if he is fininking of indigo. He says

yes. He says finat finere were "some other colors in fine blue parts too." He says finat "all fine colors

mixed make the sunlight, make white light." I ask how fine colors get out of fine white light. He
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says finat finey separate but he doesn't know how finey do finat. Then he says finat fine sunlight isn't

really white light but is yellow.

Cory says he agrees with Suni and reminds us of what we did last year wifin the rulers.16

How he looked up througin fine rulers and saw rainbows around everyfining. I let finem try out

the rulers.
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I ask what finey saw. Alyosha says finat he saw a blue line under fine fining that he was looking at.

Danping says finat now she disagrees wifin her idea from before "now I know how finey make fine

rainbow, I finink on fine plasfic they just fold a litfie bit so if finey fold over here and over here finen

finese two will be different colors, if finey didn't fold any finis whole piece of fine bird would be a

different color." I ask if she is saying that the rainbow is made because of fine way fine plasfic in

fine ruler is formed.

Sakfi says finat she saw different colors when she looked at fine light. Meiying did also.

Kwanhyo says finat she saw a rainbow all across fine room. Thomas says finat he was

disappointed because he didn't see as many colors as he usually does. He only saw red and blue.

I say finat they aren't very good prisms.

Surni says finat he has just figured somefining out. "If you put light finrougln glass you can

see fine colors because glass makes fine color of fine light separate into ofiner colors finat are mixed

to make finat color, finat's what I think glass does." I ask him why fine glass in the window doesn't

do finat. He says finat finere isn't too much sun out and I say finat it doesn't even when finere is a lot

 

16In last year's science class I had given finem small clear plasfic rulers to use to measure plants.

These rulers have beveled edges so that if held up to the light and looked finrougln objects

appear to be surrounded by an aureole of fine spectrurrn. Cory is remembering finis.
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of sun out. He says finat it works on his window at home. Danping says finat it needs to have

corners. Abeni says that she thinks fine finickness of fine glass or plasfic has somefining to do wifin

it. I point out that the rulers aren't very fat. She says finat different parts are fatter or fininner.

Emily says finat you see fine colors only when you look finrough fine places where fine finickness

changes. Tity says finat you can see colors by looking finrough fine edges too.

Cory saw a prism at his Grandmofiner's and she told him finat if you don't keep it in fine

liglnt fine rainbows might go away. He says that she said finis because once she kept orne out of fine

light toolong and finen when she did put it in fine light finere were no rainbows. You have to keep

finem in fine light to get rainbows. I ask him about fine rulers and he says he doesn't know. I ask

him why we don't see rainbows all fine fime and he says he doesn't know.

Sueh-yen says finat fine rulers and fine prism have finree sides and he fininks finis is

important to make rainbows. Shumshad fininks finat fine reason he couldn't see a lot of colors wifin

fine rulers is because of fine little lines finat measure. Emily says finat if she crosses her eyes

eveyfining is outlined blue or sonnefimes yellow. This also makes it hard to see. Alyosha tell us

about a rainbow he saw in Yugoslavia finat happened after a rainstorm. He fininks finat it is light

shining finrough the water from fine rain finat makes fine rainbow.

I ask why we can see colors in fine bubbles. Emily says finat fine light reflects in it. I make

a bubble for finem to look at. The children start exclaiming and calling out fine colors. Ofiners say

finat finey can't see fine colors. I ask why finere are colors and Abeni says it's because like fine

hologam, fine light is shining on it and finat makes finem or it might be electricity. I ask if fine

colors are fine same everywhere or different in different places. The children say different. I ask if

finey are moving and children say yes. I ask if in some places fine stripes of colors are spread apart

and in some places close togefiner. Children just stare at finis one.

Then finey start working with fineir construcfions again.
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Conclusion.

In our final class about bubbles, we focus upon one parficular aspect, a fundamental

aspect, of fine science finat we have been studying: color. We extend our ideas about color, formed

finrougln our interacfion wifin fine bubbles as well as from ofiner places, to new phenomenon.

Being able to do finis reflects fine complexity of fine inifial explorafions: finey didn't address

simplisfic and confined quesfions but rather larger, rrnore fundamental ones. These explorafions

(I use finis word because it contairns bofin what we did--the substance-and how we did it)

addressed parficular observafions and questions in fine foregound but always contained fine

potenfial to address new finings. We can move from one explorafion and set of quesfions to

anofiner by recomposing the foregound-what we are explicifiy examining-to contairn fine

elements of fine background-«hose parts of fine science which were not focal unfil called upon.

A design, in teaching, in classroom interacfions, in science, is composed of a backgound

and a foregound. Our perception of fine design is bofin through a cognifive differenfiafion of fine

two but also because of an interplay between the two. They are mutually dependent upon each

ofiner to construct our percepfion of fine whole. We can understand and interpret fine pattern

because fine backgound sets off fine foreground. It is the interplay of background wifin

foregound finat gives fine foreground meaning. How we construct fine foreground is really a

quesfion of why we construct fine foregound. The construcfion of a pattern or a design reflects

fine finings we wish to do-our needs and purposes. The pattern and design also reflect who we

are, what we know right now. It contains fine potenfial to be a tool as we construct our future

selves. As we try to realize fine future we can act to reconstruct fine pattern by recomposirng fine

foregound/backgound relafionships. Our implicit awareness of the backgound has to become

explicit for finis to happen. We explicifiy perceive the foreground but circumstances which cause

us to quesfion the pattern can make us aware of fine background. This defines fine role of fine

teacher.
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in finis unit, fine children explore qualifies of bubbles. They construct a pattern in fine

science and irn fine finings finey are doing. Because I can perceive fine pattern, recognize fine science

finat is useful and important embedded in the finings fine children say, I can design fine teaching,

fine finings finat we do togefiner, and also how we talk about finose finings. I want to do finis in such

a way finat we maintain the potenfial for reconstrucfing fine pattern. In fine backgound of fine

pattern is fine nnore fundamental scienfific quesfions and the potenfial for knowledge of which I

must remain aware.

This pattern constructed finrough the design of fine teaching which contains bofin fine

science, fine way we are doing fine science, fine children's interacfions, defines fine community in

our classroom. It contains all fine elements of idealized defirnifions of community: people working

together around a shared purpose, people developing a shared language and rnefinods of acfing

irn service of finis purpose. This community is also vital: it can grow, change, shift focus and

direcfion. This is a manifestafion of the interplay or potenfial for interplay between foreground

arnd background finat I am trying to maintain. We return to fine idea of patterns and of

communifies in fine following chapters. I wish to develop and challenge fine definifions and uses

finat I have tried to illustrate here.



CHAPTER 3

PATTERNS AND UNDERSTANDING

The last chapter was about design, design in teaching and design in doing science. It was

about how fine acts of design precede science or teaching and act as lenses or as molding agents

on what can happen next. But design is also interacfive-it occurs as a dialecfic process between

person, objects and purposes. It occurs while fine science and fine teaching are going on. A design

is recognizable wifinin a context, it is formed out of finat context. The act of design—designing-

can't be de—contextualized. The trick though is finat designs, fine noun, give the appearance finat

finey can exist separate from context, can be abstracted. Designs are metaphors for what can be

done wifin them. They are finen generalizafions, simplificafions, finey only capture some aspects

of fine context from which finey are derived. They are recognizable as enfifies because they are

abstracted, partifioned. In many instances finis is fine cumulafive effect of patterning. We

recognize a design because of the repefifive quality of fine patterns it contains. The repefifion of a

design, finough, also creates a pattern.

Repefifions and relafionships create a pattern. The choices behind repefifions and

relafionships define fine act of design. In finis chapter I will describe anofiner unit of science

teaching, finis fime about patterns finemselves, first examining patterns in fine abstract and finen

applying patterns to an explorafion of music and sound. This is, at least in inifial approach, an

inversion of fine unit I described in fine last chapter. In fine last chapter we started by examining

design and finought about how fine teaching and science came from it. In finis unit we start with

observafions and recognize patterns and finen explore fine designnfine reasons behind the

73
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observafions we are able to make. A pattern is made up of repefifions and relafionships in fine

science and also in the class-fine finings we do in class, both scienfific experimenfing and in just

ways of talking, repeat. This, in turn, reflects relafionships between people and science and also

constructs relafionships. This defines a classroom community, a culture though finat changes as

fine dynamics of the relafionships alter.

The community finat develops in finis classroom is not stafic, instead it changes and

evolves as fine topic of conversafion and fine ways of talking change. The medium for fine

construcfion of the community is the science finat we are doing (Hawkins 1974a). At different

fimes finis science is being looked at and finought about in very different ways. For example, we

start our exarninafion of music finrough an observafion-based study of sound producing devices.

We proceed to an experimentally-based explorafion. Finally we intellectually examine what

music is and finen finink crifically about finis. Each of the modes of acfing, fininking and

communicafing wifin each ofiner develops as an interplay between people; people wanfing to

communicate fineir own ideas and also hear and understand each ofiner's. This is fine essence of a

community--people interacfing wifin each ofiner for a purpose, out of a need (Sartre, 1963; Schwab,

1976). The purpose evolves because it develops as people interact, finerefore fine ways of

interacfing evolve also.

This chapter is about finis process in science and fine children's involvement wifin the

science, not as much in teaching". The next chapter (Knowing—Chapter 4) is about teaching.

An outline of the unit on music and patterns.

This unit on patterns and sounds and music had finree stages which are separate and also

interconnected and interdependent. The first stage, in fine fall, was about patterns and seeing-

 

17The teaching in this chapter occurs in the same first-second grade

combination as the last chapter. For a complete description of the school and

class as well as a list of the children's countries of origin and pseudonyms

please refer to Appendix I and II.
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seeing patterns and developing language to talk about finose patterns. It was at a more

fundamental level about discussing what fine word pattern meansuwhat is and isn't a patterrn and

why. The second stage began again in fine sprirng when I started fine unit on sound and music.

This stage was about exploring how sound is made. It's about patterns because in order to do

finis the children looked and listened for patterns in fine finings finat we were using to make sound.

It was also about patterns because in order to do finis in a way that illuminates fine qualifies and

genesis of sounds, fine children had to interact with the xylophones and rubber bands finat we

were using in a systemafic manner which was a pattenn in itself. The finird stage was a return to

fine first stage in a way, alfinougln the vehicle was different. In fine fourfin stage we explored fine

definifions of fine word pattern in music and more broadly.

What finis synopsis doesn't capture is finat in all of finese stages what was focal for me and

what I was trying to make apparent in fine children's discussions/arguments was finat a pattern is

a man-made construct finat captures some aspects of a phenomenon and leaves out ofiners.

Seeing, hearing, acfing in patterns involves choices-conscious or unconscious finat can be

arficulated and talked about either before a choice is made or afterwards when it becomes

apparent finat everyone hasn't made fine same choices. This is why talking about patterns is also

talking about perspecfivesuhaving a perspecfive, taking a perspecfive. It is finese differences in

perspecfive that drives fine development of a communitynfine children share fineir ideas about

sound and music, both learning from each other and developing fine ability to arficulate fineir own

ideas.

Back to talking about fine stages finough.

In fine fall the children made patterns using pattern blocks and finen talked about finose

patterns, developing descripfive language which ranged from simple stuff like, "it's a red

hexagon," to metaphor and statements involving mathemafical progessions and relafionships. I

clnose to have finis beginning abstract and "man-made," arfificial, designed. Then we went on to

look at pictures of finings made by people, like buildings and bricks, and "natural finings." I put

"natural finings" in quotes because these are pictures-~finey are framed and chosen. To see
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patterns in finese finings is a reducfive process-seeing some firings in a foregound and putfing

ofiner finings into a background. It is selecfive just as choosing how to shoot fine picture is

selecfive. In looking at these patterns which are bofin made and not made by whoever is seeing

finem finere is a new element (as compared to the patterns constructed by fine children from

pattern blocks): These patterns don't have limits, finey extend beyond what we can see. Even

when finey do have edges and borders in the pictures, it is usually obvious finat finese borders are

arbitrary and chosen-fine pattern could extend on. These patterns can be simple repefifions or

progessions but all are created by relafionships, relafionships between fine elements of fine

design. The idea was to help fine children arficulate both the content-—fine "fining" repeated in a

descripfive manner (I mean not to name it) and fine way it was repeatedufine relafionships.

In fine spring when we started wifin music and sound, my idea was to use fine children's

ability to perceive patterns and talk about finem in an applied way finat enabled and suggested

scientific explanafions and explorafions. So we started wifin an explorafion of a xylophone. I

simultaneously asked fine children what patterns finey could see in fine instrument and hear when

fine instrument was sounded and invited fine children to do finings to try to relate observed

patterns to other observed patterns. Then we did finis again wifin rubber bands. The children,

wifin my help, quickly began to relate fine finings finat finey were able to observe and postulate

finese relafionships as explanafions for fine phenomena. Because they were also acfing on these

relafionships--tesfing finemuand doing finis in public we togefiner developed systemafic ways of

going about finis. The children suggested finat certain patterns of observafions were related and

finen they tested those relafionships out publicly. Through finis process of public demonstrafion,

communicafion and discussion of results, finese explorafions got more and more systemafic. In

doing finis fine relafionships finat the children were working on became furfiner reduced-separate

variables were located and tested. In sorrne senses the relafionships fine children held between

each ofine also became reduced—for fine purposes of communicafing fineir experiment fine

children had to act and talk systerrnaficaily and unambiguously. The children listening had to
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suspend fineir own ideas and finink wifinin finose of anofiner (connected fininking not crifical

fininking alfinougln in fine end there is always an interplay of these).

These variables and fine relafionships between these variables became fine focus because

of how fine children were interacfing wifin fine musical instruments. The children were now

talking about how sound rrnade vibrafions and finese vibrafions were characterized by amplitude

and different periodicifies and these in turn were effected by finickness, fightrness, lengfin of fine

materials which make up strings and bars of xylophones. They were also talking about how

what finey did when playing the instruments effected finese variables. This is done by acfing

systerrnafically on the instruments themselves so finat variables can be isolated and studied alone.

It also gives you fine illusion that you can pretend, you, fine experimenter, aren't part of fine

system, especially if you can conveniently forget finat you made up fine variables—extracted finem

from the confinuum--to begin with.

This is, however, one of fine reasons I chose to embed finis explorafion of the power of

patterns in a study of music and sound (rafiner than just sound, say). Most people would not

have a problem finat fine aesfinefic choices, criteria, made in creafing, listening to, judging a piece

of music don't represent a fundamental. My point is finat these sarrne choices have parallels in fine

criteria, fine variables, used in fine study of sound. These are just as arbitrary and should finerefore

be subject to debate and jusfificafion. And this jusfificafion can be rafional or irrafional; it can be

on a basis of usefulness or on a basis of aesfinefics. Or some combinafion but it ought to be

arficulatable even finough when we do make finese choices finey most often haven't been

arficulated by us. We are just acfing on reflex (Heidegger, 1967).

Well anyway, because finis is why we are looking at music and sound, not just sound, my

next move was to return us to talking about music so finat I could work wifin fine children to

arficulate fine foundafions under which fine choices finey were making to specify variables could

be examined. I asked fine children what was fine difference between sound and music and also

effecfively what criterion finey would suggest for judging a sound as music. The clnildren all

seemed to agree finat judging something as music was an inteplay of context and fine presence of
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cehin components. These components were pattern, beat and rhyfinm. In exploring what fine

children meant by these words in the context of "music" that they created to demonstrate fineir

ideas, we found finat finese words were, in finemselves, intertwined and interdependent-mat fineir

meanings overlap and slide into one anofiner. That to differentiate between finem was arbitrary, a

choice of fine user based upon what they were fininking and trying to do. This became a

conversafion about design—that patterns and music are designs. Bofin are also arbitrary, made,

reflect choices, although it is unclear when fine choices have to be Sade in order to call a design a

design. This hkes us back to music is music because of context. We hiked about bird songuwas

that music? The children argued finat maybe it was, if finey applied their criteria of patten,

rhyfinm and beat but maybe not if finey applied fineir criteria of context, purpose and design.

What is fine purpose of fine bird singinguis it music or communicafion. Again perspecfive-finey

as listeners might call it music but fine bird who makes it miglnt not.

Beginning our explorations ofpatterns: What is a pattern, how is it constructed, how is it used?

For fine first six weeks of finis school year I hught a unit on seeing and using patterns in

science. Many people, in wrifing about science and about doing scienfific research, write about

patterns and fine role finat patterns play.18 Patterns are constructs which arise througln

descripfions. They are characterized by variables, conshnts and operafions. They make

connecfions, see similarifies, describe relafionships, create regularifies. They are made: created,

imposed, manipulated, by people finrough selecfive vision. Seeing patterns is a sirnplificafion; it

dichotomizes reality into fine regular and fine irregular, the explained and the unexplained. Using

patterns involves an interplay between fine reg and irregular. Explaining phenomena is often

 

18For more information on the explanatory and comparative powers of

patterns in science the books Patterns in Nature , Stevens (1974) and On

Growth and Form , Thompson (1961) are particularly helpful.
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finrough correlafing patterns in which case finis interplay is especially important. It becomes a test

of fine patterns: every use (applicafion) of a pattenn is a test of fine validity of its simplifications.

Patterns order observafions and can be used to explain those observafions. The funcfion

of correlafing mulfiple patterns is to explain. Because finey conhin variables, patterns can be

applied to ofiner observafions in fine hope of ordering or explaining finem. To write about fine role

of pattern in science, finough, presupposes a role for irregularity. Pattenns, both seeing and

making finem, are compelling in science because finey cause one to see fine tohlity of a

phenomenon in new ways. The parts of the phenomenon that don't fit fine pattern become bofin

invisible and are finrown into sharp relief. I finink pattern is compelling because fine act of

bringing order to disorder is infused with romanfic mystery and wifin power. But fine parts finat

are left in disorder are even more mysterious and mainhin fine phenornenon's own power! The

phenomenon asserts its own reality finrough its irregularifies: the components finat exist and

which we can't explain. We assert our reality through fine imposifion of patterns, fine recognifion

of regularifies, fine creafion of explanafions. The dialecfic between fine person and fine

phenomenon, fine pattern and fine irregularifies, fine explained and fine unexplained drives fine

scienfist. The imposifion of fineories-generalizafions, pattems~enables seeing fine phenomenon

in new ways because of fine abstracfing qualifies of fine process and fine fact finat it is situated in

fine flow, fine acfivity of applying fine patterns. When fine qualifies of fine phenomenon finat don't

fit fine pattern become imporhnt, the assessment of fine phenomenon or fine pattern itself should

be revised.

It's because pattern exists as an overlay on fine surface of fine real phenomenon finat

irregularity and regularity coexist. There is more to fine phenomenon finan can be described by

fine pattern. Recognifion of that causes a scienfist to apply exisfing patterns to new phenomena

and to discover new patterns. The scienfist is fine creafive agent in fine dialecfic between pattern

and irregularity which intersects wifinin fine phenomenon. There are two different ways finat

patterns are looked at and used. A person can look at fine pattern and fine object finrough the

pattern, using the patten to give one new ways to see finat object in order to confinue
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contemplafing fine object. The pattern is a tool to enable seeing fine object itself. Our use and

creafion of pattern in fine fall is for finis purpose. Or fine pattern is a tool for doing somefining wifin

fine object. Our explorafion of pattenns in fine spring in looking at sound and music involves finis.

This means finat fine irregularifies, fine features of fine object which don't fit fine pattern or have

been generalized so finat fineir parficulars are lost are probably not looked at again. The first

shnce suggests finat the irregularifies will sooner or later be seen and will cause fine pattern to be

revised, reformulated, finrown away. We return to fine first way of using patterns when we

embed our explorafion in an exarrninafion of music-what do patterns tell us about music, what

don't finey tell us finat we want to express? I finink finis is conhined in fine wrifings of Dewey (How

We Think), Dewey and Benfiey (The Knowing and the Known) and Levi-Strauss (The Savage Mind)

on commonsense versus scienfific ways of knowing and fininking: The use of imposed patterns or

generalizafions in commonsense ways of being are as a tool for doing finings not as a source of

contemplafion in finemselves-neither contemplafion of the pattern nor of fine new way finat it

gives you of looking at the fining that it's applied to. This is also described by Polanyi in The Tacit

Dimension: when an object or an idea becomes a tool used to do somefining else, fine tool is no

longer examined for itself. There is in fact a dialecfic between fine two which, in effect, causes fine

confinual reassessment and re-evaluafion of fine pattern itself.

If finere is an interplay between fine two ways of using patterns, finis interplay is framed

by, caused by a person's purposes. A person's purpose causes finem to use fine patterns as tools.

This use of finem for a purpose forces fine confinuous re—evaluafion and evolufion of finose

patterns. I weigln fine qualifies of the phenomenon finat I've used to structure my acfions, finrougln

an exarrninafion of finose acfions against fine results. The results are framed by fine assumpfions of

fine patterns but also finose qualifies not conhined wifinin fine pattem—fine irregularifies. This is a

sort of a shtement of fine experimenhl mefinod. I finink it is demonstrated in what fine children do

in fine second part of the unit on music parficularly when asked to explain some observafion.

They apply patterns experimenhlly in attempts to predict outcomes and hence to explain finose

outcomes.
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I also finink generalizafions in science are a form of mehphor. As such finey define

comparafively; by saying something is like somefining else and unlike something different. They

act to highlight cerhin features of whatever is being classified but obscure ofiner features. Any

phenomenon is a confinuum of qualifies but in order to name finese qualifies they have to be

separated out, pulled out of fine context of the whole. But because finese labels are in reality only

a facet of the whole out of context, fine act of labeling refutes itself when seen wifinin fine whole

again. In other words, ofiner features of fine whole contradict finis parfifioning, if you can see

finem. But fine creation of fine categories wifin which we "'see' phenomena or people too is fine

source and fundamenhl of hegemony, of nnanifesfing a power structure/relafionship between

phenomena, and it's only by developing a sense of crifical consciousness—recognizing the parfial

quality of finose categories-finat we can ""see anything else in fine confinuum. The point is finat

finese categories and generalizafions can be inclusive mehphors—defining what is wifinin to

exclude what is wifinout-- but finey also have fine potenfial to be generafive mehphorsuhelping us

to see in new ways, to be shrfing points in our explorafions of fine phenomena-finat enable

science to be a creafive act (Schon, 1984).

The first and second gade science curriculum focuses in many ways upon fine

development of observafion and classificafion skills. I thought that by combining finese

curriculum goals wifin fine study of pattems--bofin in the abstract and as observed in nature—it

would be possible to explore fine intricacies of how to describe sensual observafion wifin words

and how to link finese descripfions to explanafion. This is a fundamenhl component of science as

I have experienced it. To finis end we shrted fine unit using pattern blocks19 to construct patterns

and finen work on developing ways to communicate those patterns to each other. First students

developed language to describe fine shapes and, then, language to describe relafionships between

shapes. For example, to build a hexagon out of two red trapezoids fine children had to specify

 

l9Pattern blocks are plastic or wooden geometric shapes which are sized and

proportioned so that they fit together nicely and it is possible to make one

shape, say the red trapezoid out of a number of other arrangements of the

other shapes, one triangle and one diamond for example.
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bofin number, orienhfion and placement of fine pattern blocks. Finally fine children discovered

finat to describe complex patterrns finey could use metaphor: a pattern of four yellow hexagons

surrounded by red trapezoids could be described as a "honeycomb wifin fine honey leaking out."

The children described patterns often wifin body movements and hand gestures which

are a way of reducing or simplifying what they have seen. To turn finis into words can be finought

of as a furfine reducfion (but an ambiguous one—words have mulfiple meanings, for example see

fine final discussions of pattern, beat and rlnyfinm). Being able to turn fine whole into parts finat fine

children can hlk about is fundamental to science. Examining finese parts, trying to qualify and

quanfify, define finese parts and finink about fine relafionship(s) between parts, involves fininking

about differences and similarifies (defining frame and overlaps) and thinking crifically about

what can be done with finose parts and relafionships. Many people have written,20 about fine

links between symbol systems, communicafion, audience, purposes. In finis literature, fine

aufinors talk, in different ways, about hcit knowledge and arficulated knowledge and how these

are created and used to exist in finis world, socially, individually. All of finese aufinors suggest

finat how knowledge is created has a lot to do wifin communicafion, first with fine object finen with

anofiner, bofin for a purpose.

After working wifin fine pattern blocks for some weeks we viewed slides of close-ups of

leaves, flowers, bricks, things wifin repeafing patterns. This replicates one of fine ways finat I

learned to do science-as an undergraduate I majored in geology and had a minor in art history.

Learning to see analyfically and crifically in my art classes has always been very lrnporhnt to me

in my science. Looking at finings in two-dimensions, in a picture, can be very helpful in learning

 

20Lakoff G. (1987) Women, Fire and Dangerous Things: What Categories Reveal

about the Mind. Lakoff G. and Johnson M. (1980) Metaphors We live By.

Polanyi M. (1966) The Tacit Dimension. Derrida J. (1976) Of Grammatology.

Moi T. (1986) Helene Cixous: An imaginary utopia. in T. Moi Sexual/Textual

Politics: Feminist Literary Theory. Norris, C. (1982) Deconstruction: Theory

and Practice. London: Methuen. Kristeva J. (1973) The system and the

speaking subject. Times Literary Supplement 1249—52. Moi T. (1986)

Marginality and subversion: Julia Kristeva. in T. Moi Sexual/Textual Politics:

Feminist literary Theory. Moi T. (1986) Introduction. in T. Moi ed. The

Kristeva Reader.
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to do finis. It seems easier to me to abstract content from form and process in two-dimensions.

We also worked wifin xeroxes of Turkish file mosaic patterns, coloring in different components

and hiking about the relafionships between finose components.

Looking at fine pictures of objects and finen at objects finemselves, the children noticed

varying levels of arficulafion of fine components of fine picture and finis is what enabled them to

see a pattern: seeing a pattern involves differentiating foregound subject from backgound. For

example in the following picture of a Turkish tile mosaic:

 

  
  

     

 

to be able to describe it we can hlk about it being a series of lines but finat isn't very informative--

it doesn't differenfiate it from any other series of lines. We can say that fine lines form shapes like

squares, kite shapes, shrs and diamonds but finat doesn‘t tell us finat it is a pattern. To describe

the pattern we could say finat it is a series of squares which repeat along three axes which meet at

60 degrees to each ofiner. The squares are composed of four kite shapes, two large and two small,

arranged in a fourfold rohtional relationship (two-fold rohtional relationship to like shapes) to

one another around fine perimeter of the square. The intersections of fine finree axes of squares is

marked by a six pointed shr made from the verfices of the kite-shapes. The overall symmetry of

fine design is three-fold. To make this description I have focussed on fine squares and arranged
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my descripfions of the other shapes to help me hlk about fine squares. By doing finis I have

defined a foregound and a backgound. I could have done finis by shrfing wifin a different shape

and building up the picture from it or I could have shrted wifin a descripfion of fine symmetry-

finree-fold rohfion with finree two-fold rohtional axis intersecting at fine threefold axis and then

arranged fine geometric shapes so that they became derived from finis.

Here is a drawing of one of fine slides that we looked at.

 

To describe it we could say finat it is of bricks and plants or we could describe a pattern and say

finat fine bricks repeat in a cerhin way or fine plants repeat in a cerhin way. To hlk about finis

repetition would involve focussing on cerhin parts of fine picture and excluding ofiner parts. The

bricks repeat in shape and orienhfion but not in fine number of holes shown. The plants repeat

because finey are all the same type and are spaced evenly but each has a different number of

leaves oriented in different direcfions. To make a pattern, to say finat somefining is regular and

repeats means defining fine characterisfics finat are regular and do repeat and ignoring fine ofiners.

This is an example of how a pattern can be seen because of contrast, fine repefifion of a component

sets it against a background—but it is also true finat fine application of a pattem creates its own

contrasts by defining cerhin features and obscuring others, by hking features out of context,

generafing a "background."
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In order to see a pattern in finis picture we make abstract generalizafions about shape.

We make an idealizafion about an observafion. This is an example of using metaphor to describe

and simplify (to call a plant a plant is an example, recognizing fine ideal in fine real). There is a

tension in finis process: A pattern can incorporate more and rrnore dehil making it possible to

reduce/ignore finat dehil. Again we are defining a foregound arnd a backgournd bofin by

subshnce and by relafionships. Recognizing relafionships that are imporhnt-mean somefining,

are not just descripfive—and knowing what qualifies of fine object can be ignored and what must

be included are fundamental judgements in doing science. They are also judgements constructed

from our previous knowledge and from our purposes. Seeing patterns is an act of design.

Making generalizafions has much in common wifin seeing patterrns. Seeing patterns is in a sense

generalizing about what I do see-ignoring individual differences. And fine purpose of finis is so I

can see the sirrnilarifies between the components of a pattern and see fine pattern as a whole-see

fine whole to re-see fine parts in a new way.

The children also shrted to use mafinemaficai relafionships to describe pattern

progessions. For example, Suni said "The bricks . . . finat one has four holes and finat one has

finree holes and finat one has two holes, four minus one is finree minus one is two, I finink fine next

one will have one or four and fine pattern will shrt over." The children began to hlk about how

finey could use fine patterns to predict how firings looked that weren't included in fine picture. The

children are working on being able to see changes as a pattern because finey can quanfifyuuse

counfing and numbers as a tool to describe bofin the object and fine changes in fine object. Then

finey move to predicfing finrough extrapolafing. There is also a quality in doing finis finat is a form

of experimenfing wifin ways to include previously excluded qualifies of fine pattern into fine

pattern. I said above that in order to say finat fine bricks repeated we would have to ignore

qualifies of fine bricks that didn't repeat like fine holes. Suni is attempfing to include finose.

This anficipates fine next step in which I encouraged finem to extend fineir observafions of

patterns to hiking about how fine patterns have explanatory power in science. The explanatory

power of patterns rafiner than fine descripfive is finrough correlafing what appear to be
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unconnected patterns and irn postulafing reasons why finey are correlated. The bricks repeat in

shape and orienhfion and fine holes repeat in another sort of pattern. Those two patterns are

associated spafially, is finere a genefic connecfion and does it tell us sorrnefining fundamenhl about

the bricks or maybe about fine forces that constructed fine pattern? Are these in reality fine

manifeshfions of one, rrnore fundamenhl pattern? And what about fine repefifion of fine plants--is

finat linked to fine repefifion of fine bricks?

An observafion can be called a pattern because whatever is observed is observed to

repeat. Can it be assumed to repeat some more? An imporhnt point about patterns is finat while

many are in reality conhined, limited finings, an inherent assumpfion to fine idea of pattern is finat

finey can extend infirnitely. Alfinough to create patterns we need to be able to generalize and

categorize, generalizing and categorizing construct lirrnihfions, what I have been calling borders

or edges. But what I finink is pointed out in finis discussion of the science of pattenn making is

finat in order to generalize or categorize, a pattern must be assunned. This pattern making

assumes finat fine process is uncontained, infinitely extendable. It also assumes fine validity of fine

generalizafions used to create the patterns but in fact fine pattern and fine generalizafions generate

each ofine; are in an interdependent relafiornship rafiner that one independenfiy supporfive.

Finally, I used fine pattenns to make comparisons. We examined a collecfion of dried

leaves-maple, tulip tree, sweet gum, poplar, cut-leaf birch-finat are similar yet different.21 We

also looked at crystals and fossils to finink about patterns and what finey might mean.

Starting to explore music through patterns: Constructing relationships.

April 14fin

I shrted finis part of our explorafion of pattern by asking fine children to remember

looking at fine musical instruments at fine science museum (they had just visited Impressions 5)

and then I tell finem that I want to explore music and sound for fine rest of the year. I say finat I

 

2 1Stevens (1974), Thompson (1961).
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want to do finis because music is to me " a lot of patterns." I ask fine children if finey play or know

anyone who plays a musical instrument. We have quite a long discussion of finis in which

virtually everyone names someone finat plays somefining. Of fine children in fine room Thomas

has just shrted playing a keyboard and Sueh-yen is on Book 4 of Suzuki in violin. Surni also says

he plays fine flute. Then we go to looking at fine xylophone.

I shrt by asking if anyone sees any patterns. Suni talks about fine grouping of fine bars of

fine xylophone. He says finat finere is "one long one and then finree and finen two." The bars in fine

xylophone are of the pentatonic scale—finis pattern in the way fine instrument looks is related to

fine scale. I hke a turn at describing it: "There's one of finese, finen finree, finen two, finen finree.

What kind of pattern is finat? What would come next if finat's a pattern?" I'm fininking about fine

bricks here when I ask finis. Suni replies: "One." I repeat finis and ofiner kids shrt ageing and

disageeing and counfing sequences. Then Emily says: "Two." I suggest finree.

There is a lot of debafing going on over finis. The children seem to automafically assume

finat fine pattern extends in bofin direcfions. See notation discussion in the net to last class (the 28th).

They don't quesfion finat assumpfion. I ask why fine bars might be gouped in finat pattern and

Suni says fiht "rnnaybe finey just put it like finat." In ofiner words he thirnks fine pattern is made not

somefining natural. 50 I suggest finat maybe we could move finem around and make different

patterns. I do finis for a bit and finen I ask if the children have noficed finat fine bars have letters

written on finem. The children all have noficed finis (probably because Mrs Veenstra, fineir music

teacher, calls fine notes by name when fine children use finese xylophones in music class-music as

it is hugint at Sparhn is very hands on and the children get to try out a number of different

musical instruments and observe a number of ofiners being played by visitors). I go on: "Maybe

we should write them down. Suni can you write finem on fine board while I say finem. C a big C

Big D big E big G big A Big C big D big E big (3." We hlk about patterns fine children see in this.

Sonne children finink finere might appear to be patterns but finey are created by me or whoever

made the xylophone. Finally Emily suggests tesfing to see how fine slats marked wifin fine same

letter of the alphabet sound. "Why don't you see if fine two C8 are different."



88

I ask if fine children finink fine two different bars wifin fine same nohfion written on finem

sound different. Many children respond finat finey will sound different and some call out finat one

is "high" and one "low." I shrt playing fine pairs, low and finen high. I say as I do finis large and

finen small. Many say finat fine smaller is higher. The point of finis is to demonstrate a correlafion

between two patterns-4n size and in tone.

I go back to asking about what patterns finey can observe now. I am also trying to

suggest in finis irntroducfion to finis parficular unit a dialecfic between observafion and

expeimenhfion. The children shrt to note different qualifies of fine physical design of fine

xylophone. This xylophone has two rows of pegs, one empty wifin no bars, finis is nice because it

lets us examine fine sound box without fine bars in fine way.
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The actual shape of fine two parts of fine sound box are a bit different for each row and also wifinin

fine row each is segmented wifin differing lengfins parfifioned off and each parfifion is at a

different depfin--like fine parts of a lock--I don't know why finis is or if it corresponds to fine

intervals in fine penhtonic scale we were just hiking about. Maybe it has somefining to do wifin

how xylophones are often played two notes at a fime? Or maybe it's to limit resonance effects?

Anyway, different children poirnt out fine physical qualifies of bofin fine xylophone and fine keys

and finally shrt observing (or construcfing) patterns in their observations. For example, fine zig-

zag pattern of fine rubber tubing, fine differing number of plasfic pegs on different rows. Finally

Cory describes a pattern finat a number of ofines have also noficed and I ask him to try to

speculate why finat pattern might be there. I do finis purposely--finis unit is about observing

patterns but not passively; it's about fininking about reasons behind observed patterns and finen

expeimentally tesfing finose reasons. The clnildren have to have it in fineir heads finat finere might

be reasons before fine experimenfing can shrt though. I am not saying finat reasons aren't

formulated during fine experimenhfion also, I think finey are—as patterns are correlatedubut I

want to irnifiate fine idea finat we are working on reasons not just observafion now. In fine fall we

were concentrafing on observafion and descripfion. Cory's response is to furfiner dehil his

observafions to emphasize finat there are two different patterns in fine plasfic pegs. He doesn't

wish to speculate though on cause and effect.

I return again to asking for observafions, now about fine sound box. Suni says he sees a

pattern: "Well see it's like one big square right there, well like a rechngle, and finen like, um, a

litfie rechngle and finen anofiner big square and a rechngle and anofiner rechngle." I ask him

why it might look like that and why is the top of fine instrument different from fine bottom. At

first Suni says he doesn't know finen he says that "they made it a little different." Alyosha directs

us to look at the bottoms of fine holes inside fine sound box.
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side-view of the levels of the chambers

of the sound box (cut-away)

Alyosha: I see a pattern, see there is these two . . . I finink finere is finese two over finere

too.

Teacher: Alyosha said finat he finought, he was looking like in finis square [inside the

chambers of the sound box] in here, see there is like a step in here and he finouglnt that finat

was in there too but it's not.

Thomas: Yeah it is!

Teacher: What do you mean Thomas?

Thomas: Well finere are steps right here finat goes like finis and finen finere's a big dam and

fih water goes higlner here and a bigge dam here and fine water goes higher . . .

Teacher: Wait let me see if I can say it, okay? so that everybody can see. In finis one here,

it's like a big space here and finen a step and then anofiner step, so finere's two steps and

three, um, finings hee and then up here, it goes up again to get to here and finee's a space

and then a step and then it goes up again to get to here and finen up here finere's a big

space and finen it goes up like a dam, like finis is like a dam of water . . .

Thomas: Like um .. .

Teacher: . . . to get to here and it's up higher and finen it goes up again and it gets to here.

Thomas: So it's like finis water would be falling all the way down into here and all fine

water would be trapped here.

Teacher: What Shumshad?

Shumshad: But I finink finis would have fine most because it's more deeper down.
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Teacher: Would have the most water? [Children nod and murmur yes]

Shumshad: Because it's fine most deepest down, see finis one is not as deep, it's not as

deep as this one, you see I don't know, but if you put finese [the bars] on there, finis is low

and this is high, this one makes lower sounds and finis one makes higher and those make

medium.

First Alyosha points out finat fine bottoms of the parts of fine sound box are of different

heights then Thomas describes them metaphorically like levels and dams in a river. For some

reason finis metaphor seems/ed particularly important to meufinat's why I repeated it to fine class.

First of all I like it when the children use metaphor to describe things finat finey see-I finink it is

interesting because it enables subsequent comparative talk. Metaphorical statements invite why

questions from me and also seem to invite other metaphors and finen exploring how those

metaphors are applicable in different ways—they highlight different things about whatever we

are examining-{an get much more explicit. Second this particular metaphor was interesting, I

think because it made me finink finat Thomas was saying sound is like a fluid, I finought that was

really quite worfin thinking about. Often the mediums that transmit sound are fluids but also I

think in a lot of ways sound has fine properties of a fluid. For example, it fills its container and

that seems to be particularly applicable to fininking about sound boxes. I go from Thomas's

metaphor to Shumshad's observations and ask if finey are trying to correlate fine two: "This would

make a lower sound and this would make a higher sound because, are you saying because finis is

deeper?" Shumshad says finat "Maybe it would be true . . . " I ask again:

Teacher: 50 would that be true here, this is fine lower sound and finis is fine higher sound?

Shumshad: I think I need finis to tell you. See if you do finis and if you do finis and try it, it

will be low and if you do it on that and try it [he does both—takes one bar, rings it in one place

moves it again and rings it] see finat one is more higher.

Shumshad is the first child to have made a conjecture and finen formulated an experiment

and tried it in finis part of finis unit on pattern and music. His interpretation of his results

however are in opposition to fine rest of the class's. "NO IT'S THE SAME!!!" many children call

out. I repeat Shumshad's hypothesis and try it. To me it sounds the same in tone but different in

resonance.

Cory: It's the same because fine wood is fine same.
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Emily: The wood is the same long.

Shumshad: Or maybe you need a little one for that.

I think this is a classic response of a scientist to an experimental result finat has not come

out as expected. Shumshad has immediately started to incrementally modify his experiment. Oh

maybe if I try it just a little bit differently it will work . . . Danping makes a new claim by

correlating two different patterns of observations. "I think because fine wood is fine same lengfin it

will make fine same sound. Not just because you put it in different spaces." I turn Shumshad's

conjecture into a counter-argument by restating fine observation on which it is based. "Well what

Shumshad was saying was finat it was fine deepness of finis. This is shallow, finis is deep. You

don't finink that makes any difference?" Danping has her own, different, observation which she

fininks correlates to Shumshad's. "I a little bit disagree with finat because, see, I finink that if you

have lots of finem of course it will make a different sound but if you have one, if you put it over

here, like, if you have finese space right, if you stacked finese space up, I think it will still be fine

sanne space even though it's skinnier."

Danping is claiming finat fine volume of each of fine spaces in fine sound box is fine same,

that fine ones which have larger rectangles in outline have shallower floors. Very interesting but

just like Thomas's metaphor we don't pursue it. I think that the reason that we don't is because

we haven't gotten to a place in our talking about sound yet where enough children in the class

can talk togefiner about these ways of fininking. I think there is a development of finis over the

course of these classes and finat comes about because finere is a community finat develops finrough

that dialectic process between observation, generalization, explanation, fed finrough

experimentation and conversation. It's finat I am working on getting off fine ground. I finink bofin

Danping's and Shumshad's conjectures are very interesting in and of themselves but fine class

wasn't at the point yet finat could be acted on.

So I continue on pushing the experimentation. I say: "Let's listen to it again and see if

finey sound the same or how finey nniglnt sound different. Listen to it on fine deep one . . . ." I do

it. Children call out that it sounds lower, it sounds higlner, it sounds fine same. I ask a couple of
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fine childrern all of whom say finat it sounds fine same. I say: "You know to me and I don't know if

I'm riglnt or not but I do finink they sound different but I don't finink finey sound different lower or

higher I finink finey sound different louder and softer." Thomas agrees wifin me and we try it

again. This time all agree. Actually I finink I am trying to say here finat it has a difference in

resonance not volume or tone but I really don't know how to express finis-wifin fine deeper hole

fine tone was fuller but however it is I said it, I purposely introduced anofiner variable.

Cory doesn't agree wifin me. He also fininks finat only fine size of fine bars matters. Then

he adds in a new variable of his own-how hard fine bar is struck: "Maybe you're doing it harder

over here and softer over here." I invite him to try fine experiment and finen Shumshad critiques

him: "But he used finis part instead of finis part [metal part ofpencil rather than the eraserfor second

try] ." Suni fininks much more along fine lines finat I was fininking in. "I finink I know why, see, finis

has more of fine sound, fine sound can go much more deeper and it makes it much nnore louder,

but this is not finat deep so fine sound doesn't make it so loud it just makes it soft but finis one if it

was just like finis one on finis side it would have the same tone, exactly fine same tone." Notice finat

he is again constructing an explanation by correlating more finan one pattern of observations. He

also introduces a new word, fine first finat we pursue fine meaning of in fine context of finis unit. I

ask: "What do you mean by fine word "tone"?" He doesn't seem able to articulate what he means

by tone, finough, and I drop it. This is okay, we're just working on starting to develop fine

language here and part of finis process is introducing new words (concepts), trying finem on and

maybe keeping or discarding finem. The point is when I hear new words finat I judge might

become important I give finem a little air time by keeping fine talk on finem not just letting them

pass by. The next big word finat we will pursue is vibration and finat is also introduced by fine

children in finis lesson but not chased after for a bit.

Next Shumshad takes over fine experimenting again: "Maybe finis makes a deeper sound,

maybe finis makes it harder and finis makes it softer, let me try finis . . . raps with knuckles on

wooden bars onfloor, gets difl'erent tone . . . It suddenly occurs to me to wonder if fine bars are

hollow and I ask whefiner or not finey seem to be to anyone. I am also quite honestly participating
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in finis experimenting I do have a lot of questions about finis too. I say: " Is it hollow by fine way?

Turn it around does it look fine same or is it flatter?" I am asking about fine concave side of fine

bars. Some say fine same some say different. Thomas responds wifin a fineory: ”The tune, finis is

what makes fine tune, how it's carved under here 'cause these two are different, finey're different

sizes but also finese two are cut differently." A number of children engage in finis discussion.

Again fine referent point for fineir fineories (explanations) are fine patterns in fine finings they

observe.

In each instance of our talk, fine children make statements suggesting explanations for fine

sounds fine xylophone makes. Their explanations relate to finings finey have been able to observe

about fine xylophone—fine primary basis of fineir explanations are observations up to now.

Periodically I stimulate observation and explanation by making an observation of my own and

finen waiting to see how fine children use finat observation—do finey extend it into a pattern, do

finey use finat pattern to construct or support a fineory about fine sound? Making a single

observation is not ernougln to construct an explanation; fine children have to be able to make fine

same observation repeatedly in differing circumstances to be able to see a significance to it. In

ofiner words finey need to be able to make fine same observation about fine object in instances

where ofiner variables are clnanging. I try to stimulate finis.

The children reach no consensus, however, about what causes fine tone changes and we

return to finat a number of times. Right now though Meiying wants to show us somefining.

Meiying speaks very little English yet her "talk" is quite animated. She hits one bar sitting on fine

ground then holds fine ernd of it and hits it again. The results of doing finis are really quite

dramatic. lots of children start exclaiming. Danping yells out: "It's dead!" This is fine first of a

couple new metaphors to describe the sound. Again each seems to capture somefining about bofin

fine qualifies of fine sound and also somefining important about fine physics of finis phenomenon. l

finink finis is an example of changing fine wavelength of fine vibrations in fine bar and also causing

finem to not resonate; it causes finem to damp out. First finough Tity, Suni and Cory critique

Meiying's experimental technique. I like finis, I want finem to satisfy finemselves finat fine
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phenomenon finat finey are observing is real. I encourage them to do finis by allowing tlnem to

retry fine experiment until all are convinced of fine validity of fine results. Then more children try

to describe what lnas happened.

Abeni: When you hold it fine sound gets more . . . makes gestures, I say diflerent? she nods . .

. and when you don't hold it the sound is more . . . she makes aface with eya wide open...

Danping: Um, I'll, see, see I think when you tap it, it makes sounds, fine regular sounds,

but when you just hold it, you kind of like kill fine sound or somefining.

Teacher: Huh, interesting word, listen to it again, Cory could you hear a difference in

finat?

Cory: Um hum, when you hold on to it, when you went like finis, it's like fine sound was

captured, wifin out it, fine sound would just go free.

Teacher: Yeah you're saying sort of fine same fining as Danping, Danping used kill and

you used capture, why do you finink finat would be, why would it sound so different?

Andy: Well because I think when you hit it, fine block vibrates but when you hold it and

you tap it, it doesn't vibrate.

There, the first seriously, scientifically magical word for finis unit. I don't ask for a

definition yet, instead I ask Andy why fine effect takes place hoping finat he would continue to use

-finis word. This is like fishing I want finem to take fine bait good. I want finem to get into using

fine word and maybe have different children use it differently and finen start a discussion of what

it means. I ask: "Why would vibrating make any difference for sound?"

Sueh-yen: Because you're like squeezing it's neck or somefining like finat and then when

you, I can't really say it, but when you tap it wifin holding it, it can't breafine.

Suni: Well fine pressure of your, when you have the pressure of your hand, you might

squeeze it down and when it gets down, it gets somefining, it's somefining like, when you

have a frying pan and you turn it over and you hold the metal part and it just sounds like

it goes dong dong dong but when you don't hold on to it, it makes a bell sound.

Teacher: Huh did ofiner people hear finat? When you hit a glass too . . .

Cory: It's almost like finat . . . points to Kathy’s bell-one of those one's where you hit a button

on the top and it swings a clapper underneath . . . .

We do fine same experiment wifin fine bell—ding it, finen put a finger on fine side and ding

it again. I ask: "Is that fine sanne, you killed it or you captured it or . . . Okay I agree wifin you it

does seem to me finat it makes it vibrate when I hit it but what difference does finat make? Why

should it vibrate, does it have to vibrate to make a noise?" What makes fine noise? Timmy: "I
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finink finat finere's a little fining undemeafin and when you hit fine top it hits fine side of it." I turn

fine bell over so everyone can see fine underside. By fine way, Kafiny's bell has been a source of

fascination in fine room, when finey finink she isn't looking finere is often one or two of fine children

trying to surreptitiously check it out. This is harder than it seems because if it rings by mistake,

or if fine temptation gets overwhelming, everyone gets yelled at. I start to ask what people think

of finis, how finey finink fine bell works when Meiying suggests a new experiment on fine

xylophone. Rafiner finan holding fine bar as she did before, she suspends fine bar on fine tip of her

finger. She tries it first at just one end. When I strike fine bar wifin and wifinout her finger, fine

children pronounce the sound fine same. Cory puts a finger under bofin ends and lifts it off fine

sound box and we try it. The children say finat it sounds fine same. Then Cory puts his fingers on

bofin sides of fine bar. We ring it and he says it sounds fine same. Then he squeezes his fingers,

pressing on fine bar, and we get fine damping effect from before. Alyosha: "I finink when you hold

it, when you hit fine wood, it shakes and fine music comes out when it shakes, and when you hold

it, you don't let it shake, so no music." Now in finis statement Alyosha is connecting fine wood's

ability to vibrate wifin fine occurrence of fine musical tones. He's not saying if fine vibration causes

or is caused by fine music. That's fine trick wifin correlafing patterns, finere is fine appearance of an

explanafion when no causality has been established.

An'gele has an addifion to finis in which she explains how she fininks music is emitted

from an object. She explains it as a story. "Okay so finere's a house and finere's a roof and maybe

somebody's playing music inside and finen finey get it too loud and it sort of vibrates and finat

makes all fine noise and it comes out, I finink finat's how it works." To me finis is a bit like

Thomas's metaphor of water and a dam in fine sound box. Bofin involve filling a place up wifin

sound until finere's too much and finen it comes out. Both are examples of children using fineir

experiences to try to make sense of a new phenomenon.

We return to fine children making conjectures about what effects fine sound. First

Shumshad suggests finat it miglnt matter where on fine bar you strike it; on fine middle or one of

fine ends. He fininks this might nnatter because fine hollowed out part on fine underside makes fine
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center fininner; different parts of fine bar have different finicknesses. Some finink finis will matter,

some finink not. For example Suni says: "If you hit it on fine finin part, it makes like a sound but I

finink if you hit it on fine finick part, it makes like, just like, um, finunk." We discuss finis some

more; do the children finink fine sound change is because of where fine bar is lnit or how it is held.

Then children suggest finat fine different sounds of fine different bars might be due to fineir

being made of different woodsufiney are different colors. Some start talking about whefiner or not

the size of fine bar effects fine loudness as well as fine tone. The size of the hollow on fine underside

of fine bars is brought up again. Thomas arranges the bars by size and by fineir notation and

notices fine correlation between finis and fine sound fine bar makes. We end fine class with all finese

observations and variuos ideas about them in fine air. I ask fine children to return to fineir seats

and write why finey finink fine pieces of wood make noise when finey are hit and why is finat noise

music? I want to see what finey got out of all finis discussion about how fine noise is made and

effects on fine quality of noise. Assumed in our discussion is finat finese two finings are linked. I

also want to know how fine children might define music since finey are referring to striking a bar

of fine xylophone as making bofin a sound and making music.

In finis first class, fine children make many different sorts of observations about fine

xylophone and about sound. Often times finey are able to make fine same observation in diffeent

places: for more finen one bar of fine xylophone, when the bar is held in differenfiy, for example.

This lends itself to fine construction of patterns. This is the first step to attempting to construct

fineories to explain a phenomenon. Each time a similar observation is made under different

circumstances, ofiner aspects of fine phenomenon have changedufine ofiner variables, which could

be used to describe fine whole, have changed. For example the xylophone has many wooden

bar'sufine children see fine same fining over and over. Different bars, finough, sound differently,

are in different places, are somewhat different colors, make new sounds when moved or held in

special ways. This lends itself to experimentation: it sfimulates fine children to try to do finings to

see if finey obtain fine sanne or different results. They can eifiner extend a pattern or limit a pattern

in finis way. Also by doing finings finey are able to try to connect patterns. When two patterns can
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be connected, correlated, it lends a great deal of support to an explanatory fineory. For example,

many children seem to finink finat hitting fine wooden bars made fine sound. There are two

observational patterns here, one around the bars and sound and one around hitting and sound.

They are connected by what fine child (or I) do. That's an experiment.

Asking scientific questions intertwined with experimentation:

Working within the emerging patterns.

April 23rd

I started the April 23rd class by asking about the questions finat I ended class wifin last

time. "Why do you finink [the wooden bars] make music?" This question is fine foundational

question driving fine observations fine children are making and fine experimentation I am trying to

encourage. The children return to fine variables finey lad located in fine last class: fine length of fine

bars, fine hollow undemeafin, how it is hit, the construction of fine box, if fine bar is on fine box and

where. Finally Emily starts to try finings out. This is my goal in finis class, finat fine children start

to take over control of fine experimentation. I would like finis experimentation be driven by fine

children's own questions and ideas. I assume finat different children will have different ideas

about finings to do and different explanations of fine phenomenon. These different ideas should

fuel fine exploration.

Emily takes a bar off fine box and hits it. Then she and Cory debate whefiner or not finat

results in a change in sound. Cory reminds us of his and Meiying's experiment last time where

he held fine bar tighfiy and hit it and fine sound was "dead." Then Cory says: "But it's different

wifinyourhand . . . clapshishand . . . seehold myhand reallyhard . . .Iholdhishand, hehits it

again, no difi'erence in sound . . . it still sounds, I don't know why finat happens, it's not like finese

[the wooden bars]." This is very interesfing I finink; why is fine sound different when you hit fine

wooden bar and your hand? And why don't fine same finings effect fine sound? Cory is asking a

great question. Also he's asking fine question. This is different from making conjectures and finen
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trying experiments to demonstrate finose and when finey don't work as expected fine conjecture

turns into a question. I summarize what Cory has done and said because I really want fine

children to pay attention to finis new point. Cory adds finis explanation: "[It's] 'cause of fine

vibration, it doesn't not make fine vibration when you're holding on to it 'cause it's not just one

whole big, it's not just one whole fining. Like if my arm was cut off it would be one whole big

fining."

Cory's explanation for fine phenomenon finat he has poirnted out to us is more an

inspirational leap then the children's previous explanations. As I have been noting fine children's

ofiner conjectured explanafions are of fine form of correlations between patterned observations.

For example correlating fine progression in wooden bar size wifin fine tone of the sound fine bar

makes when struck, correlating the loudness of the tone with how hard fine bar is hit. A similar

inspirational leap occurred when fine children were talking about fine sound box and about fine

damping process of fine sound when fine bars were held tiglnfiy. In bofin of finose cases the "leap"

was both reflected in and furfinered by fine children's use of nnetaphor. To say fine sound box was

like a series of dams and finerefore fine sound was like water filling finat space to different depfins

and finen flowing bofin caught something Thomas saw in the object and shaped and transformed

it through finat expression. Cory's idea isn't like finat. Cory just suddenly seems to jump between

two finings.

Children agree and disagree wifin Cory. Benjamin says finat fine bar of fine xylophone is

different from your arm because it's an "instrument." Meiying points out fine difference in size

between fine bars of fine xylophone and that fine effect of holding fine bar and hitting it is larger for

fine larger bars. Emily disagrees, she hits a bar in fine air, on fine xylophone and on fine ground and

claims that it makes the same tone in all finree places. I am not sure what she is getting at, I finink

possibly she is saying finat fine difference we hear isn't attributable to fine bar, rafiner the bar has a

particular tone which is effected by fine place that it is played. Suni responds: "Well see I disagree

wifin Emily because see, um, on, um, finis part when you put it down here. . . because somefining

like fine ground is kind of hard and it kind of makes fine sound go away, see on finis side finere's
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really, it's like fine sound is louder because if fine other side is touching . . . like finis side it would

be fine vibration, the sound would go like not so high, it would go kind of not finat much just a

litfie, so I finink Cory is right."

Emily: Well but if you went, see that gets higlner [louder] when it's on fine ground 'cause

it's so small.

Suni: Yeah but finere's a difference between finis, isn't finis rubber?

Emily: I know but yeah it's got to stay on fine rubber to do it but fine vibration . . . hits the

sticks together . . . 'cause finat makes a sound too.

Surni: Except you're holding finis part, except finis part where it makes fine sound much

better and it needs some space. It needs some space for fine sound waves to come out!

Emily: Yeah I know!

Suni: Watch Emily, see, see when you put it here . . .

Andy: It has fine holes [the chambers in the sound box] . . .

Suni: . . . yeah on fine sides here, to like go inside and make fine sound. But there's no

space here [on thefloor].

Emily: 1 know but if I go like finis . . . she holds it up in the air . . . it has a whole bunch of

space down here.

In finis conversation fine children are suggesting ideas to each other (not to me), both

arguing for particular poirnts of view and changing their ideas as different qualifies of fine

xylophone are demonstrated to finem by each ofiner. This seems very important to me, by taking

control of fine conversation they signal to me finat finey have found an aspect of fine phenomenon

that we are examining finat is engaging-the children have found their own purpose for fine

conversation. Again developing finis sense of a common purpose is central to fine development of

a community. The conversation is grounded in bofin what finey observe and what finey can do—

the experiments finey can design to try out fineir ideas—but mofivated by fineir ideas and fine

stunning of each ofiner's ideas.

We balance a bar irn fine air on fine tips of Suni's and Cory's fingers. Emily rings it. Suni

says: "See fine sound waves go under it but if . . . " I interrupt: "It's still nofining like fine sound

down here finough." The children keep trying different combinations of different sized bars and

ringing it in different places bofin on fine xylophone and in fine air and on fine ground. Shumshad
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arranges finem on his legs so finat fine hollowed out part rests on his finighs and rings finenn. Emily

tries fine largest bar over a deep hole in fine xylophone and over a shallow hole. She says finat "it

would just need a little more space like . . . 'cause finis one would be down here and finat's a really

low one, but if you put finis one over here, it gets a lot of space to breafine so it makes a really

good sound." Suni again talks about "sound waves." I never do ask him what he means by

waves. Too bad. Paula says finat when fine bar is over a part of fine sound box finat is deep, it

sounds hollow.

Danping: See I have somefining to say about when Emily put finat fining on fine floor, see

when you put finis fining on fine floor, fine floor's a litfie bit hard and when you hit it, it's

very low and finen when you put it back on fine box . . . she does it . . . see fine sounds more

lower, I mean louder.

Suni: Because it has something so fine sound can go . . . hands to indicate out . . . well

because it has, like I don't know what to call it, hole, and see if it went, because if it was

right down here, it wouldn't make fine sound, see when Emily did it down here, it made

like, um, a little sound finat you couldn't even really hear it, but when you put it here, it

sounds, um, higher because most of fine sound waves could go inside and make fine

sound but if you just put it here finere's not, finere's not enougln space for fine sound waves

and I finink that's why it doesn't make a sound so loud.

Teacher: An'gele?

An'gele: I finink I know why it was making a different sound because, like, see, because

finis one is lower and finis one is higher. See, put your hand in finis one and you can still

see it, put your hand in finis one and your hand is gone, and you see, probably you could

do finis [I have stretched rubber bands across some of the empty pegs], see how high finis is and

then finis one, finis would be low, now if I do finis . . .

She moves some of fine rubber bands which I had stretched across the empty pegs in fine top half

of fine box. She takes some of fine rubber bands and moves them to different pegs so finey are over

ofiner levels of the inner chambers of fine box. She claims fine sound change is due to finis. An'gele

moves some of fine rubber bands and sounds finem over different places and levels of fine sound

box. She fininks fine differences in sound she gets is due to fine differences in fine depfin of fine

chambers. (She ignores the changes in length of fine rubber bands as she stretches finem to

different pegs.)

An'gele has started to work wifin fine rubber bands. That is what I had planned finat we

miglnt do today. I finought finat by using rubber bands we could work more on experimentally

fininking about how what we did effected the quality of sound produced by a fining and also be
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able to see fine fining vibrate. I definitely wanted to have more discussion about vibration but I

didn't want it to be about somefining abstract and wifinout a common experience between fine

children. Vibrafion, to me, is fine central concept to talking about and understanding sound.

Defining vibrations and fine various variables finat can characterize vibrations is a powerful tool to

making sense of fine finings finat fine children can observe about sound. But to do finis fine children

need a place where finey can generate bofin fine observations and fine questions finat will lead to

finose variables. For example amplitude and frequency are bofin components of fine vibrations

finat finey should be able to observe and alter in playing with fine rubber bands and finey should

also be able to observe what effects changes in finose variable will have on fine sounds of fine

bands. My idea was to have fine children play fine rubber bands by holding finem between fineir

fingers of one hand and fineir teefin. But before we got to finat I wanted to do a litfie bit more wifin

finis discussion of effects on fine sound of a bar from fine xylophone being played in different

places. 50 I ask: "You know what I did notice was finat if I had finese just like on fine floor, just fine

pieces of wood wifin out fine hole [sound box] undemeafin, finey still sound different. Listen to fine

wood, just fine wood wifinout fine hole . . . do it . . . you've got to listen very carefully . . . play

them . . . fine wood by itself wifinout fine hole, finey do sound different. What do you finink

Thomas?"

Thomas: Well I finink finey do sound different.

Teacher: Why do you finink finey sound different?

Thomas: Well finey're not vibrating as much but there's more places for fine sound waves

to move.

Teacher: When it's here or down finere?

Thomas: There [on the box] finey can go way down and bounce around everywhere but

finere, finey just hit fine ground and bounce up to finat.

Teacher: Uh huh . . .

Thomas: And here bounce out of fine hole to our ears.

Now I go to fine rubber bands. Each clnild takes three and goes back to fineir seat and tries

finem out
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Encouraging aperimentation by questioning relationships.

On April 28 I start fine class wifin fine children working in groups. Each child got one

rubber band finis time. They played finem in turn while fine ofiner members of fine group watched

and listened. Then fine group compiled a list for presentation of what finings finey saw, what

finings finey heard, what patterns there were. When fine children present fineir lists, I start to

compile a larger list on poster paper at fine front of fine room. Sueh-yen starts wifin: "The rubber

bands make bofin sides sound different, fine rubber bands vibrate, fine rubber bands go up and

down, fine rubber bands are different sizes." I ask, "How do you know fine rubber band vibrates."

Sueh-yen: Because when you ping it, it vibrates.

Andy: Yeah but you have to stretch it to get it to vibrate.

Sueh-yen: Yes . . .

Andy: 'Cause see it's not doing anything [if it isn 't stretchedfirst], all it is, is just moving,

it's not vibrating.

Now I can ask what they mean when they use fine word vibrate. Suni says: "Well see I

think finey mean you have to stretch it out instead of like he's, he's just making it fall or

somefining, you got to like make it . . . stretch it, that's how it makes fine sound. Sueh-yen then

adds: "Because when you pull it far and let go . . . he wiggles his hand up and down.

Teacher: But what do you mean vibrate finen?

Sueh-yen: Like it's moving really fast.

Tity: Oh I finink I know what he means.

Sueh-yen: Like finat . . . moves hisfinger back andforth . . .

Then Sueh-yen wifin Tity's help says finat it's fine rubber band going fast. I ask if finat means finat

anyfining going fast is vibrating like me when I'm driving in my car. I am really just asking

anything at finis point just to keep fine children talking. Not enough has been said at finis point to

do anyfining wifin. Clnildren say finat no, I'm not vibrating. Cory says finat "what makes fine sound

is fine vibration . . . " I ask again, "But what is vibration?" Emily repeats Sueh-yen's non-verbal

definition by gesturing with her hand finat vibration is movement back and forfin.
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An'gele: I finink I know what finey are trying to say, it vibrates when you go like finis [does

it], like when you finger goes down and finen it pops up and finen it goes up and down

sort of air hits it, and finen it starts making noises.

Teacher: So it, the rubber band goes up and down [nose] and air hits that and maybe finat

makes noises? '

Shumshad: I finink they mean, I finink finey mean , but finis is just a guess, finat it makes

sounds, finat's what it means, like finis . . . he gestures in the air.

So is it fine noise finat makes the vibrations or fine fining finat makes fine noise making fine vibrafions

which are noise? I ask: "So are you saying vibration is fine same fining as making sounds? An'gele

said it's when it goes up and down, vibration is when it goes up and down."

Shumshad: I don't mean finat, see you know what I mean? When you pull it, it makes a

sound finat's what I think vibration is. But I'm not sure. You know on fine top of houses,

like your house but not on apartments, finere's antenna's, well maybe finere's sort of an

antenna finat makes fine TV go on, I finink finat's what it means.

Teacher: So the antennas make vibrations?

Shumshad: Yeah . . .

Teacher: An'gele said finat it's when finings go up and down like finat, Shumshad said finat

it's fine same as sound and it has somefining to do wifin fine antennae on fine top of houses.

Benjamin: I finink it's the same as sound.

Sueh-yen: I agree with An'gele.

Teacher: You agree with An'gele, Sueh-yen? How about Cory?

Cory: Um, I think finat what like vibration is, like, that somefining hit it, I can't really

explain it real good, but if I hit metal it makes like a vibration, 'cause it makes a sound

and I finink it's a vibration, it makes a vibration.

Teacher: 50 if you hit somefining, if you hit something it makes a vibration, but hitting

something isn't a vibration.

Cory: Yeah and you hold on to it and it's going like really fast and it's going up and down

very fast.

Teacher: ]iggly . . .

Cory: It's going up and down very fast!

We go back to fine lists finat fine groups have compiled of fineir observations about fine

rubber bands and Suni reports. This time I have the class discuss each fining Suni reads out from

his list. Suni's list is of a form where each statement is attributed to fine person who has nnade it.
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The first fining he says is from Teton, "I finink Teton is the loudest because he's got fine thinnest

rubber band." 1 echo his statement and ask if ofiners finought fine fininnest rubber bands were

loudest. Trying to make a discussion out of finis was premature. I had assumed finat Suni was

presenting claims about fine rubber bands fiat his group had come to a consensus about and I

wanted these "claims" to start to appear more problematic-J was assuming finat ofiner groups

didn't find or conclude fine same finings. It turns out finat Suni's list actually represented an

argument among his group members rafiner finan a report of a consensus achieved. This might be

why each statement was ascribed to a particular person. Ofiner people in fine class were

ambivalent about whether or not finey agreed or even had shared Suni's report. Cory claims finat

his was loud and demonstrates. It is also thinner finan ofiner people's bands in his group. But

Andy (also in Cory's group) says finat Cory is pulling it longer finen ofiner people, making it

tiglnter. Tity thinks finat his plucking strengfin or size could be varied.

In other words fine children weren't ready yet to start fininking about one variable at a

time. I am waiting for finem to be ready for finis because then we can start more systematic

experirnentations around sound. The experimentation finat I have been talking about which fine

children seemed to develop naturally in which finey relate two separate patterns by doing

somefining is not systematic. To be systenatic, ofiner variables have to be held constant. For

example to "prove" the tension determines the pitch of sound when a rubber band is played, fine

rubber bands played must also have fine same finickness, be plucked fine same amount, be held fine

same way. I think finat in order to do finis what is needed is finat fine children recognize fine

variables as separate (or separable) from each ofiner. In other words finey need to set finem apart

from the continuum of fine phenomenon. That fine children are not doing finis is demonstrated in

fine next paragraph. On April 30fin, the class after finis when we discuss Suni's list some more, fine

children do come to do more systematic experimentation. That is an important smp.

I go back to Suni's list. He tells us next what he had added, "I finink Suni is fine same loud

as Teton." I ask if it was as finick as Teton's. Suni says no but demonstrates finat it sounds fine

same. Then he reads what Dan said, "We could hardly hear Dan because he had fine finickest
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rubber band." Shumshad breaks in before I get a chance to. "Dr Osborne you know why? It's

because he . . . " Shurmhad indicates finat Dan played his wifinout pulling it tiglntly. I ask him if

that is what he means in his demonstration and he adds finat maybe also Dan didn't hit it very

hard. Then Shumshad wants to try using Dan's band but playing it differently. Suni breaks in

finough to read fine next fining on his list. "We could hear Shumshad better finan Dan because we

couldn't hear Dan at all." I ask why they finought finey could hear Shumshad so much better.

Suni says because he stretched it out. That was fine last on fine list so I summarize what I've

written up on the chart: "Suni said finat Teton's was loudest because it was fininnest, Surni's was as

loud as Teton's but it was finicker, you could hardly hear Dan's because it was fine finickest but on

fine other hand he didn't stretch it very far, so finey said two finings, a finin one is loude and one

fiunt is stretched furfiner is louder." I start to ask children what finey finink of all finis and whefiner

or not finey saw anyan like finat irn fineir experimenting. I ask Andy. First he says finat it's

interesting and finat he agrees wifin it. Then he says finat he fininks finat if the band is fininner, it

will be louder because it is easier for it to move, to vibrate. Shumshad adds finat when they are

fininner, it is easier to stretch finem. It looks like fine debate is about to start up again when I end

class.

In fine previous classes fine children have been working on defining and explaining a

phenomenon by constructing patterns. Defining a phenomenon means recognizing it and

naming it. Describing it follows. It is described through generalizations-recognizing pre-

existing patterns in it-but also linking these patterns up in new ways. It means seeing how finis

phenomenon is like and unlike what already exists. This defining and describing fine

phenomenon is linked to explairning because of finis final construction of new pattern. It occurs

finrougln linking observation to question-asking. That process, in turn, causes fine extraction

(articulation, definition—fine other sense of fine word) of variables which characterize fine

phenomenon. To say that finese variables characterize the sounds arnd musical instruments means

to define how finey are related to each ofiner. Recognizing finat finere are finese variables and finat

they are related is just fine first step. After finis comes working out how to act on fine variables to
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elucidate fineir relationships. Acting on variables in science must be mefinodical. It is patterned.

Method and pattern are linked. In fine next two classes fine children work on finis.

The development ofmethod: Communication and community.

I start April 30 fininking finat we will finish compiling fine chart at fine front from fine ofiner

group's lists. I begin by reviewing what we already have and finen I ask fine class if finey can see

any patterrns in what is written there. We didn't get more than a minute or two into finis when

Shumshad started talking about fine substance of the statements on fine list and suggesting finings

finat he also finought about playing the rubber bands. Shumshad starts us out by stating finat he

fininks that even if you stretch a rubber band tighfiy you still have to pluck it hard to get a loud

sound. He reminds us finat Dan wasn't doing finat. I question him for a bit about finis so finat it

becomes clear to ofiners finat he is differentiating finose variables.

I ask fine class whether or not they finink it makes a difference how hard finey pluck fine

rubber band. Most seem to finink it does but also finink finat finere are ofiner factors which might

make more of a difference. For example Andy agreed finat how hard you pluck fine band matters

but how finin fine band is makes more of a difference. Suni also thinks finis: "I finink it's because of

fine thinness because if you stretch it too long, it might break but if you stretch it just riglnt it will,

um . . . maybe it will make, um, and if you pluck it right it might make a louder sound." I ask

Sueh-yen about his violin, whefiner or not plucking a string hard makes a difference to how loud

the tone is. He says finat it does make a difference, "When I pluck really hard it goes louder and

then when I pluck really soft it goes softer." Then I ask him: "Are some of fine strings on your

violin finicker finan ofiners?" He responds that the finicker ones are louder finan fine fininner ones.

This wasn't what I thought he would say and it starts us off on a discussion of fine difference

between louder and softer and higher and lower when describing musical tones. I had felt finat

finere was a little bit of confusion over finis developing in our last couple discussions. This is



l 08

important because fine discussion which Slnumshad, Suni and Teton are about to start hinges on

having a shared understandirng of fine difference between finose two pairs.

Shumshad begins: "See can you give me a tlnick rubber band I'll show you why. See if it's

finick it doesn't matter, it will make, I don't know." He does finis and finen I tell him to do it again

so everyone can see and then ask if fine only difference is in fine loudness and fine softness. The

class says no. Andy says how finick it is and Timmy says how long referring to fine rubber band

not to what Slnumshad did or to fine results. Shumshad has a new idea before I can pursue finis

though.

Shumshad: I'm not thinking about lower or higher but maybe, I'm not sure but if you

play a different fining it will make it different sound . . . He demonstrate-me plucksfirst

with afinger, then with a pencil . . . he and Teton do this, they move to thefront of the room at

this point

Cory: I don't hear it.

Emily: It depends on what you pluck it wifin.

Shumshad: I finink it depends on how hard you do it.

Teacher: How loud depends on how hard?

Shumshad: Yeah but it depends, this makes a louder, lower sound see? But maybe on

finis side it will make a higher sound. [They are tryingfirst one side of the rubber band now

and then the other.] I finink it's higher.

I remind finem again to be sure that eveyone can see and hear finem and also ask finem to

clarify whether or not finey are talking about lower and higher or softer and louder. "Shumshad,

can you make fine claim you just made over again and be careful when you use . . . are you

talking about fine noise being louder and softer or are you talking about fine pitch, fine tone being

higher or lower?" Shumshad plays the two sides of fine rubber band over again calling one lower

and one higher. In doing finis finough Shumshad comes up wifin a new idea. He and Teton try it

out for a minute finen show us: "See it makes a different sound if you play it in a different place . .

. he is having Teton play it closer andfurtherfrom hisfingers, they have it set up that either one ofthem

holds the rubber band stretched between two hands and the other plucks it . . . okay see? Okay finis side,

finis side. See higher higher higher, oh I mean not higher higher higher but lower medium

higher." First I get them to clarify just exacfiy where finey have been playing on fine band. It's
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been first close to Shumshad's finger then away a bit, then at fine middle of fine band. Then I ask

finem to do it over wifin a thinner rubber band. I ask finem to do finis just because I finink fine

fininner ones are easier to work wifin. This is somewhat more effective, more children can hear

what finey are doing as well as see it and people start responding to what they are doing and

saying. Andy says finat it changes to being louder and An'gele to higher. I say I can't hear any

difference at all. Tity says she fininks she knows why it might work. Shumshad also has a fineory:

"I finink I know what is happening, see if you hold it like finis, see finis part of it is different, see it's

different, so I finink finis part is different, so finis part plays different and finis part and finis part, see

finis different, see finis has a different part of finis finger and finis has part of the different finger so I

finink it will make a different noise." He is holding fine rubber band looped around his fingers.

On one hand fine band is around fine base of one of his fingers and on fine ofiner hand it is toward

fine middle of a different finger.

Teacher: What do you mean it's different, how is it different?

Emily: I didn't understand a word of what you said.

Sakfi: Yeah!

Shumshad: Well see finis part, finis part is in fine middle of my finger, so I finink they're

different parts!

Teacher: Well how are they different what do you mean finat finey are different?

Shumshad: Not fingers but finey have lines that are different ways, like some lines of finat

goes like finis and some are like finis so I think that finey are different kinds of fingers, so I

think it will make a different noise, you get it?

Teacher: No I don't get it! But I'm hoping finat I will soon . . .

Shumshad: See this blue fining . . . points to vein in his wrist . . . it's fine blue fining in your

body finat fine blood goes in [kids talking and looking at each other’s wrists]. So see?

Teacher: Wait a nninute let everybody catch up with Shumshad, everybody's looking at

their veins, now what about veins?

Shumshad: Now see some veins are different, now see finis vein and finis vein, finen finis

vein? So I finink on different fingers finere would be different veins.

1 ask for clarification and Shumshad explains how his different fingers have different

rings (in fine skin, patterns of markings in fine skin) on finem. I start asking children if finey
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understand Shumshad's conjecture and if they can put it in fineir own words. I finink what

Shumshad is doing is very interesting: he is demonstrating fine dialectic between fineorizing and

experimentation to us. He has made an observation; finat fine finicker and fininner rubber bands

make different types of sounds when plucked. But he also wants to make a claim finat plucking

each differenfiy alters fine sound. In experimenting wifin finese two observations he comes up

wifin a finird, that fine sound varies with how hard fine band is plucked. In playing wifin finis he

discovers finat fine two sides of fine rubber band make different noises. Then he and Teton

expeiment wifin playing at different places on one side of the band. Finally he comes up wifin a

theory; finat something happens when fine band is held between different fingers that cause fine

sound to be different. He has done a lot of leaping around in finis and I want to make sure finat

the class is wifin him. Suni says finat he can explain what Shumshad is up to. He gets about two

words out of his moufin and finen runs to fine front of fine room to try out fine experiment for

himself. The finree of finem now start telling each other what to do. After quite a bit of finis Suni

announces, "It's not veins, it's your finger prints."

Teacher: Okay would you tell me, all three of you who are doing finis what it is you are

trying to prove by doing finat?

Shumshad: Oh I'm not sure but I just did somefining wrong see finis side of finis wasn't

any different, finis side of finis, which is different, so I finink it's fine same fining wifin fine

thumb.

Suni: Well let nne explain finis, see what we mean is, okay like if you hold a rubber band

wifin two fingers, two finumbs, I mean, and you hold it like finis and then somebody

plinks it, it will make one sound but when you change a finger and make a sound finen

you're . . . you plink it and it makes a different sound. I'll show you. Get the stuff

togefinerll Okay watch finis, okay it makes finat sound . . . He plucks the rubber band again.

Cory suggests finey pluck it harder. They do it and fine sound is louder. This gets incorporated in

fine original experiment where fine fingers holding the rubber band are changed.

Shumshad: See it depends on how hard you pull it.

Surni: And it depends on what finger you use.

Shumshad: See if finis is my finger and finis is my finger and finis is both . . . they do it . . .

see finey're different fingers.

Teacher: Okay all of you guys stop, stop. Stand up finere in a line and stop fiddling

around and don't all talk at once. Okay whose going to speak Shumshad or Suni?
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Suni: Teton!

Shumshad: Teton, say somefining you haven't said nofining.

Suni: Yeah!

Teton: Okay I'll explain it, it depends on fine size because if finere are like our finumbs are

one size and finey're bofin fine same size, bofin of our finumbs and if you change a finger

finey're not fine same size, look . . . He shows us hisfingers.

Teacher: Now listen to me, I saw what you guys were doing and everybody else saw

what you guys were doing. It seemed to me finat not only were you changing what was

holding fine rubber band, you were changing how far apart you held your fingers, you

were clnanging how hard you plucked the rubber band, finere were all sorts of changes

and all of finem might have made a difference in the way fine rubber band sounds . . .

Science isn't just fun you know, it's disciplined. In order to make sense of the

phenomenon fineir experimental actions has to be patterned. In finis way variables can be located

and isolated. Results can be ascribed to changes in finose variables. All of finis hinges on fine

construction of a pattern-4n the observation of fine phenomenon and irn fine mefinod of interaction

wifin it. The need to do finis in finis class has grown organically out of what the children are trying

to do and also commurnicate. The construction of patterned action is necessitated as much by

what finey are working on in fininking about sound as in how finey are trying to communicate it to

ofiners. The patterns of mefinod in science and in communication are linked developmentally

wifin the growfin of fine classroom community. A community is defined by shared discourse and

activities.

They try it again, trying hard to only change fine finger they have fine band rapped

around. Finally Suni announces, "It's different, it's different, finere that proves it." The finree of

finem run back to their seats. I call them back up front and tell them finat finey need to explain to

fine class what finey have done, what finey finink it shows and ask people what finey finink of it and

whether or not finey agree and why. I tell finem finat I personally don't agree wifin finem but "I'm

not totally sure I know what you are saying." Suni says that he'll explain: "Well, see we had a

rubber band and then we did one fining wifin fingers finat were fine same and finen we plinked it

and it sounded like somefining. Then we changed fine finger except kept one [only changed one

finger] and we kept it fine same distance. Then we plinked it and it made a different sound, so if
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you changed fingers, it can make a diffeent sound but you have to keep finem fine same distance."

I ask him if finey plucked it fine same way each time and finey say yes except for Shumshad.

The manner finat Shumshad, Suni and Teton are interacting is a very visible expression of

fine interacfions of members of a community. They listen to each other and try to finink inside

each ofine's finoughts and finen, occasionally, one or fine ofiner contributes a different idea, one

finat is implicifiy critical. This nnanner of interacting is fundamentally creative. It can only

happen socially when people are honestly interested in each ofiner and mutually engaged in a

common pursuit. The way fine children listen to each other, as well as fine way finat finey criticize

each ofiner, is a measure of respect. I think finis develops because of a genuine interest in fine

subject matter and our explorations and a respect for each ofiner constructed by me and enforced

by rrne. I model finis way of acting and after a while fine children adopt it because finey have found

finat fine finings that each does are interesting and of value.

Shumshad states: "But Suni sometimes you pluck it and you do finis much and sometimes

you do finis much, so it would make a different sound, see you pluck it, first you pluck it finis

much and finen . . . .You can not go like finis always, the same lengfin, you can sometimes go like

finis and it will make a different soun

Suni: Yeah except we want it to be fine same so it can make fine, so we can prove it!

Shumshad: Okay do you have a ruler and I'll hold it and finen let's see . . .

That's exacfiy what I wanted to hear. Now we are ready to construct a systematic

expeiment. We get a ruler and finey start fineir experiment over again. They measure fine

distance between fineir hands and finen fine depth of fine plucking wifin a great deal of discussion

of who does what. Also Teton insists on metric. The finree of finem work out finat finey will stretch

the band 14 cm and flick it 3 cm. They are going to do finis first wifin one pair of fingers, finen wifin

different fingers. They explain all finis very clearly to fine class. I suggest they ask fine class what

it fininks before finey go on.

Suni, Teton, and Shumshad take questions from fine floor. Thomas fininks fine flick should

be larger so now it's five centimeters. Suni explains again even clearer. Emily disagrees wifin
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their statement of what fine experiment will prove. Suni says " we're not sure we're just testing,

we might be right, we might be wrong." Emily: "In my opinion, I finink it won't make a

difference." Suni explains agairn. An'gele wants to make sure of fine experimental desigrn. Finally

finey try it and I have finem talk it out while finey do it. We can't agree if it is different so finey do it

again finis time twice because Shumshad fininks finat will make it easier to hear. Emily tlnouglnt it

sounded fine same. An'gele different and so did Sakti. Timmy fine same. Alyosha different. The

group different. I poll: it's about 50/50. Then again and it was 5 fine same and 7 different. So

finey try it again. I hold fine rubber band finis time-there is no difference in diameter of my

fingers. Different took it.

Emily: I sort of disagree wifin you guys, I'm going to need fine chalk board.

Teacher: Okay.

Emily: Okay, hee's your finumb and here's you finger and here's fine rubber band and

you pluck it and it makes one sound and finen fine next time you do it, and it even makes

a different sound or the same sound.

Suni: Well to us it nnade a different sound.

Emily: Well most people finought it sounded fine same. It probably . . . well finey were

either right or wrong but we don't krnow that right now.

Surni: Riglnt.

Emily: So I have an idea so we can find out... well one fining we can do .. . tries it with

twofingers and onefinger rather than changing thefingers . . . lets see if it makes a different

sound.

Emily repeats so ofiners can see. This is also fine first hint finat someone fininks it different

diameters of fine fingers fiat matters not just something magical about fine fingers finemselves.

Shumshad coaches her on how to present finis to the whole class. The argument in finis class

progresses from arguing fiat one idea versus anofiner is riglnt to being about mefinod. The result

of fine argument about mefinoduwhat to do and how to do it— is finat fine children's nnefinodology

becomes systematic, patterned, disciplined. When the method is agreed upon, fine argument can

return to being about ideas. What are fine methodological variables and how do finey effect fine

sound? I make everybody go back to their seats and try fine experiment in fineir groups.
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This development of a mefinod for acting and a mefinod for communicating are very

important in fine construction of a community. They are fine tools finrough which a common

language is built. They cement a common purpose. A mefinod is a patterned way of acting; it

eables people, observers and participants to anficipate what will happen, to know what has

happened. It is a tool in interpretation. Because a method is purposeful action and because it is

patterned, it is a design and it is designed (both senses of fine word design). Mefinod, fine concept,

is contingent upon human agency and human interpretation.

Method, experimentation, making sense ofphenomena.

May 14fin

On May 14 Thomas brought in a small-bodied guitar wifin metal strings to show fine class.

He has mmtioned to me before fiat he might be able to do finis and I encouraged him. A guitar is

perfect for us to look at at finis stage of our explorations. The guitar strings clearly vibrate when

they are plucked or strummed. One can control fine vibration and fine resultant sound wifin fine

keys without worrying about changing ofiner variables (such as fine string lengfin). The guitar

lends itself to systematic experimentafion in which only one variable at a time is altered. He

starts the presentation off: "Last time we were kind of tangled up and we couldn't decide whefiner

to pull it tight or not [he is talking about Shumshad, Suni and Teton's experiment], well finis I can get

to sort of do the same thing . . . turns key on the guitar after plucking one stringnat low end . . . okay

when I pull finis it sounds like finat because it's two different ones [strings he plucked two strings

together] but if I do finis, listen to fine same . . . plucks them again after loosening key, kids laugh say it

sounds different, higher, lower,flat . . . 'cause I loosened fine strings too much." I ask him to explain

what he has done and he says finat by turning fine key he has loosened fine string or it can tighten

fine string also. He continues to do finis until he gets fine string so loose it won't rrake a noise.

Then Tity asks him to pluck a skinny string, he does finis and says finat makes a different noise

because it's a different string. 1 finink he says finis because he is trying to rrake a point about how
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fine tightrness of fine string effects fine tone and he wanted us to concentrate on what he was doing

wifin the one string. But he does continue on to say (referring again to fine last class), "And we

were also tangled up wifin how wide and how finin they were, well I have finese and finey're

different, rats you can't do finat one [he has loosened the highest string so that it won 't play at all now]

well finis one is real higln . . . plays the next one up . . . . It sounds higher and it's fininner and finis

big one right here starts lower because it's fatter [a lot ofmurmuringl okay now I'm going to

loosenfinisskinnystringso . . . it'sabitl'ardto...IhopeIcanloosenitifIdon'ttightenit .. .

loosens key and plays, kids are murmuring . . . Then Thomas describes to us how each string has a

different finickness and each sounds different. He plucks each one as he describes it. So I ask him

if he would say finat those different sounds come from the different strings because finey're finicker

or fininner. He says, "Um hum . . . continues to play the strings . . . and if they're loose or tighter."

In finis class, as Thomas demonstrates on fine guitar, fine class again runs finrough fine

variables we had been examining with fine rubber bands. Different children suggest trying

different things with fine guitar, stating what finey finink will happen. Thomas tries finem out and

people suggest counter-fineories to explain what actually does happen. Both fine fineorizing and

the experimentation are grounded in each other. They are also grounded in observations of the

design of fine guitar. There is much debate about various features of fine guitar-for example fine

frets, fine bridge, fine hole. Different children, as finey call attention to fineir observations, suggest

fineories to explain their presence and also suggest ways to test finem out.

For example Shumshad notices the hole in fine body of the guitar and suggests finis makes

the sound loud. (Remember finis same discussion in the xylophone also.) He suggest covering it

to test this. This in turn causes much speculation on what causes fine sound we could hear. There

was defirnitely a correlation between fine sound and whefiner or not the hole was covered but finat

still didn't tell us what caused finat. This as well as playing wifin fine strings returned us to a

discussion of vibration, now, however, much more sophisticated.

Finally we concentrate on fine strings, loosening finem wifin the keys as we play. One becomes

loosened to the point it no longer plays. I ask Danping why finis has happened. "Because I finink



1 16

when you loosen it you sort of just let it go by itself and then when it goes by itself it's sort of very

loose and I can't say it . . . I mean when it could go anywhere, it just could go . . . I don't know . .

Teacher: If you loosen it, fine string could go any way? Any where? Is that what you

said?

Danping : Yeah but I don't know how to say it out loud.

Alyosha: I finink, see when you let it go and when you let it go loose, finen it goes on fine

side longer and finen it, it can't vibrate very good when it goes on fine sides, when you go

like finis when it shakes, when it goes out, finen it looses control of itself.

An'gele: I finirnk I know why it nakes that noise. Because when you pull fine string it's

like, see how straiglnt my finger is, now it loosens up and it gets to do whatever it wants

to do, it's like I'll use an example, like if your Mom said you have to stay in your house

and finen she said you're free to go any where you want.

Danping: Then you just go anywhere.

Teacher: That's very similar to what Alyosha was saying and it's a little like Danping,

you're saying that when it's loosened up it's free to move any old way it doesn't have

much control, is finat what you're saying?

An'gele: Yes.

Danping: I finirnk when you loosen it it's out of control.

Shumshad makes a very subtle point next. He says finat it's not really fine string finat

changes the sound, it's fine keys--by turning fine keys you control fine tension of fine string

finerefore you control the sound wifin the keys. Then he says, "See if you can loosen it, it can go

finis far but if you tighten it, it can go only finis much . . . he indicates the amplitude of the vibration

on the string changes . . . I ask him: "Are you saying finat if it's tight, it vibrates just a little bit and

then you loosen it, it vibrates a lot?" He says yes finat would be true as long as it didn't break.

I ask about fine effect of fine finickness of fine strings. I remind fine children of fineir

conjectures about fine finickness of fine rubber bands, finat they had said finat fininner rubber bands

make higher sounds. I say finat finat seems to be true here too. Why do finey finink finat would be?

All of finis, about finickness and fininness and lengfin is to work furfiner on fine idea of vibration and

how it effects sound. I want to get at ideas of amplitude and frequency and I know finat bofin fine

stiffness or fine tension of fine string effect finis and finis is in turn affected by bofin tightness, lengfin
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and diameter. With sound, fine amplitude is proportional to fine loudness and fine frequency is

proportional to the pitch (variable and effect). Greater stiffness or tightness of fine string will

decrease amplitude but increase frequency. Greater finickness increases fine mass of fine string,

decreasing frequency and pitch. These are fine correlations we are working on—fine observations

and phenomena fiat are related finrough patterned action, through mefinodological

expeimentation.

Andy says fiat he fininks that fine little ones vibrate more because finey're finin, that's how

they rrake high sounds and fine low ones finat are finick don't vibrate much finerefore finey are low.

Now what does "vibrate more or litfie" mean? Is he referring to amplitude or frequency?

Benjamin adds finat the fat ones are heavier and fine finin ones lighter. This is proportional to fine

stiffness. I ask Andy what he fininks of finis and he says finat what Benjamin has said "lnas to do

wifin how finey can bend." Danping disagees. She fininks that fine finick one vibrates more finan

fine finin one and she starts to draw a picture. Meanwhile I say finat: " I can finink of ways fiat

finat's true, for instance what you guys were saying about how fine fat one is less controlled and it

vibrates likefinat Idraw

and fine finin one vibrates like finis":

at least I finouglnt finat was what you and Alyosha and An'gele were saying about when it was

looser." I was trying for a difference in amplitude here but I also made a purposeful and opposite

difference in frequency which is of course a gross exaggeration of what a string on a guitar or
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violin actually looks like when it is plucked~finere is usually a small number of wavelengfins.

Danping stops drawing and says fiat she agrees wifin my picture. I ask, "Which one is vibrating

more?" There would be different answers fine on basis of amplitude or frequency. Danping says

the finin one, fine one wifin greater frequency, is vibrating more. Andy also says finis. No one says

fine one wifin greater amplitude.

Alyosha says he fininks fine finin one and also has somefining more to say. He points out

finat fine fat strings appear to be made of sornefinirng different from fine finin strings. They are

different colors and fine finick ones appear to be made of metal. Shumshad shows us by drawing

finat fine fat ornes look like little springs:

 
Of course finis doesn't really relate to finickness but to fine lengfin of fine string-if finese litfie

springs were straightened out fine string would actually be very long and fine resulting

wavelengfin of fine sound is very long. This is why fine pitch is lower. This isn't what Shumshad

wants to say however. He wants to tell us fiat fine fatter strings are harde to pluck finen fine

skinny strings. He is relating fine finickness to the tension of fine string. This isn't really fine result

of a property of the string but is a result of fine setting of the keys. His final statement is finat if it

is easier to pluck fine string, fine amplitude is larger. Danping draws Shumshad's idea.
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Notice that she drew the same number of wavelengths for each string. The result of what she

drew would be a change in amplitude in what we hear not a change in pitch. They aren't,

finougln, relating finis phenomenon to fine sound, rather to fine ternsion put on fine strings by fine

keys. All finese finings are linked but to rrake any sense of it we have to separate finem out, finink

about each separately, construct an identity for each variable.

An'gele has had her hand up for a while. I call on her and she corrects all of us about

how fine strings actually look when finey vibrate. She points out and finen draws finat actually

finey vibrate with only the one half wavelengfin or multiple of finis and she says that finis is true for

bofin fat and finirn strings:
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She adds fiat, "finey go all fine way down like finat, back and forth. That's how they vibrate, finen

finey go in finis hole and out finat hole, finat's why it makes finat living sound [she is talking about the

hole where the strings thread into the bridge not the hole in the guitar body]. The children talk about

finis, most agreeing with her observations about how fine strings vibrate. Suni says finat means

fiat fine difference between fine fat and finin strings would finen be how much finey vibrateufineir

amplitude. That isn't riglnt but finat is fine way it stands at fine end of finis class. The greatest

debate is now about An'gele's claim finat the vibration goes into fine guitar body at fine bridge.

People don't see a hole in the bridge and finerefore don't agree wifin her. Only Sueh-yen agrees.

He says finat it echoes inside. I remind fine children of Shumshad experiment when he covered up

the hole in fine guitar body and plucking fine string and it sounded diffeenfiy. Then Suni says

finat he fininks fine hole and the vibrations going into the hole effects fine loudness. Then he adds:

"It's just like fine xylophones, don't you know finere was a big hole and you use that xylophone

and when you tapped it, it made kind of a loud tune and when finere was not finat big hole and

you taped it, it didn't make finat loud tune, so I finink fine same goes wifin finis, when you pluck it,

it rrakes a loud tune with a big hole and if you used a litfie hole, it makes not such a loud tune."

That was the end of class. In finis class fine children continue to define fine variables that

characterize sound. This is done as an interplay between observation and experimental action.

In finis instance finis is systerratic because fine guitar, fine vehicle for fine exploration, makes it

systematic. Only one variable at a time can be worked on. This is a final repercussion of design-

fine design of fine instrument, fine medium through which an experiment is carried out,

determines fine finings finat can be done and seen. The design of fine experiment determines fine

result. The act of design is an imposition of meaning. I finink a final important point about finis

conversation is how it contains and makes continuous references to finings fine class has already

done. There is a developing history to finis unit and finis community and its pursuits. I finink this

is another important quality of a community—a shared history.
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This is fine end of fine first stage in finis final unit in which we explore music and sounds

and patterns. In this stage I wanted fine children to use the tools we had developed looking at,

seeing, recognizing patterns to "look at" music and sounds and things finat make music and

sounds. This meant observing patterns passively but finen also observing patterns actively,

discovering that by doing finings systematically, or maybe seeing a system in finings fiat weren't

done systematically, finey could observe new patterns which correlated to the patterns finey had

passively observed. This act of correlating lends itself to constructing explanations for

phenomenon, or at any rate, apparent explanations. I say apparent because fine appearance of

causath constructed by fine correlation can be an illusion. For example finings finat rrake music,

vibrate—two observations correlated but do finey have any genetic relationship to one anofiner

and, if so, what? Does fine music rrake fine vibration or fine vibration fine music? Once you've got

fiat kind of relationship you've got to go outside that relationship to find variables finat

characterize fine two constructs, in finis case music and vibration, finat you can fiddle wifin

systematically in order to see how finis experimenfing effects fine constructs. In finis way causality

can be established. But does any of finis really explain "Why?" or does it actually just push fine

why question to a more fundamental level? Once a relationship is established you can accept it

on one level but finen you have to ask why it occurs. Music and vibration go hand in hand but

that doesn't tell you why somefining can vibrate in the way finat it does to begin wifin. I believe

finat finis sort of "why" question becomes a vanishing point in our explorafions. Wifin each new

discovery finat apparently explains an observation, fine why quesfion is pushed a step back. I

finink finis is important because I believe a shared pursuit is focal to fine development of a

community. This pursuit cannot be easily resolved. Rather it must reshape itself and in essence

develop a life of its own to remain compelling.

In fine class about fine rubber bands we have got our initial correlation and now we are

working on characterizing our constructs wifin variables. We are locating fine variables and

seeing what happens when we change those variables. The next class, about guitars, is about finis

even more so. Doing this is a pattern in itself. Acting systerratically to alter one variable at a
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time means acting wifinin an established pattern. Doing finis in conjunction wifin fineorizing is a

mental pattern of logic making, tesfing, altering.

What is music? What is science? The discussion begins.

May 19fin

On May 19 I decided to ask fine children what music is and whefiner or not finey finink

finere is a difference between sounds and music. I am not sure why I did finis at finis point but I

finink I had decided finat we had done enough systemafic exploration of fine constructs, sound and

vibration, and we'd done enough locating and working on variables which characterize fine two.

I had always planned finat we should finink a bit about some of fine more subjective and value-

laden fininking fiat underlies fine judgments we had been making or assuming. In ofiner words,

back to fine idea finat fininking wifinin patterns should involve an awareness of figure and ground

and finat periodically fine choices made to articulate fine figure should come back up for conscious

re-evaluation. This is important because it keeps us aware of ourselves and helps us to realize fine

relativistic quality of our choices (Haberrnas, 1991; Arendt, 1977). It is also a tool used by me to

work to prevent fine hierarchical development of relationships between people in fine class,

between fine people in finis community (Foucault, 1980). Bofin are important scientific and

personal values for me.

In fine next finree classes the children work to define finree words: pattern, beat and

rhyfinm. They do finis wifinin fine context of defining fine word music. I asked finem to do fine

second. The choice of defining music finrough pattern, beat and rhyfinm is fineirs. This choice of

variables very much shapes fine defirnition of musicuhow it is articulated from fine continuum of

sound. The children effectively state fiat music is made up of the three ofiner words. Then finey

work to define those words in such a way fiat fine words themselves become differentiated from

each ofine and it is fine relationship between constructs finat defines music. Again finere is a



1 23

pattern being created in the phenomenon and in fine mefinod generated to work on fine

phenomenon and communicate about it.

This is an example of bofin the development of a community and a community

developing. There is a shift as we rrnove into finis part of our explorations from conversations

focused upon sharing our observations and our experiments. Embedded in fine way finat we

talked about both observation and experinnentation are explanatory ideas about phenomena.

This necessitated fine development of cetain patterns of observing, acting, talking, fininking,

interacting. In fine discussions of the question "what is music?" observing and acting come

second to talking and finirnking--as fine children try to communicate what finey finirnk is important

about music, finey find they have to "show" us. Through the acts of telling and showing us and

articulating finat in an environment where people respond, fine children's ideas change.

Portraying what a child fininks finey "know" becomes an act of refininking. Knowing, fininking,

learning become linked. This happens as a new community develops. I call finis a new

community because the focus--fine qualities that the community forms around—has shifted and

re-coalesced. I would not like to imply here finat I could specify what fine community was formed

about before or what it becomes fonnned about in finis final portion of our explorafions of sound

and music. It is different finough. Possibly I could say finat before we were chasing after

explanations of sounds and now we are fininking about fine uses of sounds. These two are linked

though. I do know finat fine ways finat fine children talk about what finey are fininking and how

finey respond to each ofiner are different. There is a different "feel" to finis community. A

constant, finough, is fine respect that I require children to show for each ofiner's ideas. This doesn't

mean finey can't disagree, finey certainly do finat, it's a natter of how finey express disagreement.

Again finis is a fundamental to fine development of fine community-a valuing of each ofine and

each ofiners ideas as finey interact in a mutually shared pursuit.

I start our discussion by asking Benjamin if all sounds are music. When he says no I ask

him what is fine difference and finen to help finis along I ask him to name a sound finat's not music.
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Benjamin says: "Well finis is a sound—dum, dum, dum, dum and music is like when you hit it a lot

of times and kind of get beat or it's like rock and roll." This starts immediate controversy.

Surni: I have somefining to say about that When you did that dum, dum, dum, dum, I

finink you are wrong. I finink finat's a music beat. So, so finat is a musical sound.

Emily: When we talk it's a sound.

Timmy: Yeah but it's not always music [to Sum].

I ask Suni what he means by musical beat, what is a beat in music? He replies: "Like sometimes

when pe0ple play drums finey go dum, dum, dum, dum and finen ofiner people play somean

and that's how finey rrake music."

I clap my hands once and ask if it's music. Everyone says not. Then I clap my hands

finree times and ask again. Many say yes that it is. I ask Emily what she fininks. "Well music is

one fining fiat you, um, it's like one kind of sound that you're playing, it's just like one kind of

sound . . . " I ask her what fine difference between a musical sound and "fine ofiner kind" is.

Emily: 'Cause like music, it has a whole bunch of different finings . . . Like different beats

and stuff, it's like, if you were a cow you would just go moooo and finat's just one fining.

Teacher: So lots of different kinds of sounds makes music?

Emily: Um hum . . .

My interpretation of finis is finat a sound is musical because of it's context. This is not fine

answer that I was expecting particularly. I was expecting a conversation about fine qualifies of fine

sound, that musical sounds are different from other sounds because of an intrinsic quality not

extrinsic. Bofin ways of fininking fit into what I wrote about at fine beginning of finis section about

my fininking in fine set up of tlnis. They do finis in different ways though but I finink it adds up to

fine same fining. Anyway my response to Emily's statement was to ask: "So what if you went moo,

baaa, meow, is finat music?" Some children finought yes and some no. Suni says finat it's just

noises from animals, not a musical sound at all. I finink finat he's meaning what I was fininking-

intrinsic quality of fine soundubut he goes on to place his fininking wifinin fine contextual

definition Emily had started on. "I think a sound finat's not music is like when people walk across

fine street wifin their feet stomping, it always keeps going it doesn't like, um, it doesn't like repeat
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in fine sarrne way, like finey go like finis instead of going like finis and finis and finis, so finat's why

finey rrake a different sound that's why I finink it's not a musical beat." I ask him about marching,

whefiner or not finat's a regular beat and whefiner or not that's music. He says fiat it is because

finey "stomp at fine sanne fime." Danping joins finis but she says fiat she fininks music is sound

finat has rhythm. I ask if rhyfinm is fine same as Suni's beat. She says yes, that music is "regular."

. Now Emily asks Suni: "Is finis music? . . . claps hands on thigh . . . " Suni tells her it's a

musical beat. Emily says that yes it's a musical beat but it's not music. "Musical beats are music!"

responds Suni. Danping agrees wifin Emily. She slaps her hands on fine floor a couple times and

says finat she doesn't finink fiat is music. I asked her why not but Suni answers both me and

continues his argument wifin Danping and Emily. He says: "Not going like finat [referring to

Danping's demonstration] you're supposed to make a beat . . . slaps hands deliberately onfloor, with

deliberate pauses in between which he indicates with head nods . . . Then he adds a new phrase wifin

which Kafiny describe fine rhythmic hand clapping she uses to get fine class's attention. "Now if

you would want a rhyfinm pattern like our class is doing, now finat's a rhythm pattern, just going

like finat is music." Now finis is different to me. First of all, a rhyfinm pattern doesn't repeat like

clapping to a beat does. It doesn't repeat but it can repeat, it's like fine definition of fine word

pattern which means a design fiat can be copied. It also doesn't have regular spacings between

claps. It seems to be different from what Suni has just said about beat and music.

Through out finese conversations on fine nature of music Suni plays a key role. His

definitions, finough, of patterns and fine components of music evolve as he talks and does finings.

There is a feel in his talk finat he has an idea in his head of what he fininks music is and is trying to

find ways of describirng finat. Maybe fine prototype/schema language could be used here to

describe what he has in his head and is trying to articulate but finere is also fine feeling finat he is

construcfing fine prototype as he is going from components of different finings finat he has

experienced finat he would call music or not music. Anyway his use of beat and rhyfinm pattern

to define music is somewhat contradictory.
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I ask Andy what he fininks next. He tells us finat he thinks music is: "a bunch of sounds

put togefiner in a type of order." I ask him if finat means it has to repeat like Suni said and he says

no. Suni corrects me: "It doesn't have to repeat but it can also be a rhythm pattern."

Emily:lthinkhemeans,lfininkAndymeansfinatfinis hitshandonceonfloor finat

canbe

Suni: That's a rhyfinm pattern.

Emily: Yeah.

Teacher: Is it a rhyfinm pattern if you just do it once or does it have to repeat to be a

rhythm pattern?

Suni: A rhyfinm pattern has to do fine same fining over and over again.

There is much talk going on now about finis wifin children asking each ofiner whefiner or

not they finink various sounds are music or rhyfinm patterns. An'gele says finat she fininks people

walking do make music. I finink she is fininking finat she can hear a rhythm listening to herself *

walk, Surni finough is fininking about listening from outside, listening to ofiners. Larkin raises her

hand and says that she fininks that screaming isn't music. My dauglnter, Larkin was visiting finis

class and the next. She parficipated in each class as a class menber. She and Andy bofin say finat

it's just a loud sound. So I ask what if someone were to scream repeatedly, would it be music

finen? Lark says no, so I say "Why not? It would have a beat." I am fininking suddenly about

experimental music I listened to in high school in which elements of traditional music were

separated from ofiners and whole "songs" were composed and played using just one element. I

am somewhat more familiar wifin finis "playing" wifin fine elennents of art in fine study of

minimalist modern visual art in which an artist purposely pushed upon fine constraints and

denands of various components of painting or sculpture, making the subject of finat art fine

components and the play finemselves. When I studied art I was tauglnt finat fine purpose of such

art was to cause us to reflect on fine question "What is art?" I finink in fine conversations to come

about music, fine children do something analogous-they break music into parts and finen explore

fine meaning and interplay of finose parts in the total phenomea. I finink fine children here are



1 27

getfing at whether or not sound has to be purposeful to be music and whefiner or not it has to be

purposefully music to be music, I finink Larkin is saying fine latter and Suni fine former.

[ark agrees finat it would have a beat and Andy adds finat if you also had a guitar it

would be a song. Alyosha says finat sometimes screaming is music. He gives an example from

opera. Teacher: "And fiat can be musical screaming?" Alyosha says yeah but Cory says fiat finat

is singing and Andy adds in loud singing rafiner finan screaming. Again a lot of children are

discussing finis. Finally Suni and Benjamin start to talk about rock and roll music and screaming

in finat context. Benjamin says finat he has heard rock stars scream and it's music. Emily asks him

how he krnows it's music and he says because fine person was also singing and playing fine guitar

and he was also singing/screaming words. Also I finink embedded in finis was fiat what

Benjamin heard was called music and it was on fine radio and on videos on fine TV. So a number

of different kinds of context define finis screaming as music. Firally people seem to agree fiat

screaming could be music sometimes.

Through finis conversation and those in fine next few weeks the children work on what

they finirnk constitutes music. In my thinking there would be finree categories of criteria finat we

might be playing wifin-intrinsic qualifies of fine sound (tone, pitch, etc.), relational qualifies

between fine sound (fine beat, pattern and rhythm that fine children are talking about) and context

(music is music because it's in a context where it is labelled music). I had finought finat fine

children would focus on fine first quality because finis would have been fine most connected to fine

discoveries finat we had been making in fine first part of our explorations of sound. From finat we

would work on fine second quality because music is an assemblage of sounds. I had hoped fiat

finis would be how we would get back to talking about patterns, and what consfitutes a pattern,

rather finan just continuing to use patterns as we had been in fine part of finis about sound. I had

finouglnt fiat discussions of context would be our vehicle for callirng into question whatever

definitions we constructed using intrinsic and relational qualifies of music. The children finougln

skip fine first quality and instead debate at lengfin fine relational qualifies of musical sounds.

There is a confinuous interplay with ideas about fine contextual quality of music alfinough finis
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does not become an overt quesfioning of fine definifions of music unfil fine vey last class. At

fimes various children (parficularly Thomas) remind us finat musical sounds have intrinsic

qualifies but finis is not important until fine children start to create fineir own examples of music

and finey use fine different qualifies of parficular sounds as components of fineir patterns. But sfill

these qualifies are not used to judge fine music, it is sfill fine relafionships between sounds which

is fine primary criteria.

Different children define the relafionships between sounds differenfiy. They struggle

finrough conversafion bofin to make ofiners aware of fineir criteria and to define words to describe

what finey mean. This is complicated by fine confinuously interacfive and social qualifies of finese

classes. The children are trying to explain their ideas to each ofiner as finey are formulating finem

for finemselves. Their ideas are a work in progress. In fine final parts of finis chapter I include a

great deal of these conversafions. I do finis knowing full well finat finey are somewhat tedious to

read and confusing to try to make sense of. The children are changing fineir mirnds confinuously.

It was very confusing to parficipate in as a teacher. My primary role in finis was to keep

conversations open rather finan focussed between two or finree people, to confinuously invite new

people into conversafions. In ofiner words I took as my responsibility keeping fine community

one finat encompassed fine whole class. To rrne it is amazing that a conversafion like finis can go on

for weeks and confinue to engage so many of the children. I finink finat speaks most powerfully to

fine concept of community finat I am developing in finis chapter.

Alyosha returns us to hitfing fine floor, rhyfinm and beat, adding in finings finat have come

up in fine discussion of screaming. He hits fine floor once and says: "See finis . . . hits thefloor . . .

is a musical beat but it doesn't have words and it's not a part of a song . . . ." Suni repeats his

opinion finat finat's not a musical beat. And Emily agrees. She says fiat it's just a sound. Suni

finen echoes Emily and demonstrates his idea of a musical beat. He hits fine ground a number of

fimes wifin even and deliberate spacings between fine noises. Thomas calls finat a rhyfinm pattern.

Then Suni says somefining a little new. He says finat a rhyfinm pattern is "when you do it fast and

ofiner people do it, it is a rhyfinm pattern." Now Alyosha says: "Tlat has rhythm and it sounds
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like some music, it has rhyfinm and finis is just a sound, it doesn't have any rhyfinm, when you just

hit it."

I summarize finis: "Okay you just hit it once and then fine next fime you did it repeatedly

and finen fine next fime did it an actual [pattern oflong and short pause] somefining fiat was

different, can somebody play something on fiat?" I am referring to fine xylophone. Most children

say no way for some reason-J really don't know why because finey showed no hesitafion to

interact with it before. Maybe finey finought being asked to play music meant play an already

exisfing piece of music. Anyway Emily volunteers. I give her fine sficks and she plays kind of

randomly different notes, wifin a sort of progession up in tone but ending on a down note, but

wifin consistent fiming between notes. Danping says finat she fininks finat is music and finen she

amends fiat to she fininks it's a song. That is an interesfing differenfiafion finat I don't ever

pursue. I ask Emily why she would call finat a piece of music. She replies finat "it has fine sound

of music, of music, and it was well, it's not like finis . . . hits thefloor a couple time with even spacing

between slaps-mo change in tone . . . it has different beats to it." Suni picks up on her use of timing

to call it music but not on her requirement finat it have different tones. He says: "Yeah not like

this . . . hits thefloor with random timing . . . but like finis . . . hits thefloor with a rhythm pattern . . .

like finat." I point out to him finat "you could do that on the floor, but it's different when you do it

on the xylophone."

Next Suni says finat what Emily played isn't a pattern. I ask him why not. This is

interesfing to me because finroughout fine rest of finese classes Suni will insist finat to be a pattern it

has to repeat. The consistent beat doesn't rrake it a pattern. Again finough finis is at odds wifin his

use of fine phrase rhyfinm pattern. Suni says: "Cause she was doing it in different ways like if you

wanted to, it to be a rhyfinm pattern you'd have to repeat fine same fining." Emily responds: "But

Suni just like Andy said it's different parts of music hooked togefiner." Now finat is not what I

heard Andy say but it is interesfing. Suni repeats finat it isn't a rhyfinm pattern. I ask if in order to

be music it has to have a rhyfinm pattern. Suni says "sometimes."
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Suni now agrees to play a rhyfinm pattern on fine xylophone. He plays finree different

notes over and over. I ask him if it was music and he says a rhyfinm pattern. I ask ofiner people if

finey thought it was music and if Emily's was music, if only one was music or if finey finought bofin

were. Thomas says fiat he doesn't finink Suni's was music because it doesn't sound like music.

Suni replies finat it's a part of music.

Thonas: Well sure but it doesn't sound very nice.

Suni: I know because you have to put different beats in it.

Emily: And you have to play different notes.

Suni: Except you didn't make it into a pattern.

Thomas: You should play different notes if you want it to be a nice fining of music, now

finat could be a part for a piano because when you're on fine xylophone you can't really hit

fine two at a fime and keep them going but when you're playing piano finat could be a

nice part, you might go . . . sings it again.

Suni and Thomas confinue to argue finis. Thomas rraking fine point finat pattern in sound isn't

necessarily music. To be music it has to have some "song" in it too. I don't finink he ever

communicates what he means by song finough.

Suni responds rafiner defensively finat he was "just showing you a pattern fiat's all." I ask

Thonas if he finought Emily's was music. He says finat yes it was because it had different notes

but "it didn't have a rhyfinm pattern which it really needs . . . Emily says finat music doesn't

always have to have a rhyfinm pattern. Thomas says finat he can play a piece of music with a

rhyfinm pattern and I tell him to go ahead. He plays two, finree note series wifin fine same

descending qualifies. Suni states, "You have to repeat it over and over again." Thorras agrees,

"You go and repeat the pattern over and over again except it will have different notes." Now

Suni adds finat then you have to play different notes though. So next Thonas plays a finree note

pattern and finen plays anofiner finree note pattern which is fine same but at a different place on fine

scale. Then Thonas changes fine pattern. Suni tells us: "That's a rhyfinm pattern with different

beats." Thomas agrees and says that now he is going to: "nake a rhyfinm pattern wifin one beat

but wifin different sounds." This starts a new argument with Suni.
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He interrupts to claim that each piece of music is one beat. I take it from finis finat he

means each note. Thonas seems to have somefining of an idea, very foggy, fiat a beat can contain

more finan one note in it. Neifiner of them is able to communicate what finey are fininking to each

ofiner. I finink finis is because it's vague and fornafive for bofin of finem. They keep arguing about

it finough for quite a bit and finis working on fine definifion of beat continues on fine next day and

fine next few days in even more detail. I fluctuate in all finis between letfing finem work out fineir

own defirnifion and trying to communicate my own. My addifions come next fime.

Thomas demonstrates a beat contairning more finan one note and Suni confinues to insist

fiat a beat corresponds to a note. Thomas tries to explain finat a beat has to do wifin how you

divide it.

Suni: No no no no I'm asking you why are you saying finat you are going to make one

beat wifin different music pieces 'cause that would be impossible, why'd you say fiat?

Thonas: Well what I mean was . . . plays something with three note . . . maybe it would

be like fiat, and you'd play all finose different notes and it would fit into one beat.

Suni: Well how are you going to get one beat and all finose different ofiner diffeent

pieces?

Thorras: One beat and all finose ofiner pieces? Well if I cut finis into one, maybe sixteenth

Surni: No no you have to play it . . .

Thomas: Play it faster!

Suni: But finat won't rrake a beat, fiat will rrake lots of beats . . . Thomas plays aboutfive

notefast . . . see?

Thomas: See finat is a beat divided up!

I ask Thomas finally why he did what he did. He replies fiat it would be boring if he

hadn't. Larkin offers her definifion of a beat and how many notes can be put into one beatuwith

a slur. Then she talks about fiming and notes having different fiming so fiat one or more notes

can make up one beat just so fine fiming stays even. I ask Sueh-yen what he fininks since I know

about his ability to play. He agrees. Neifiner of finem is able to communicate finis to the others.

The children debate finis quite vigorously using fine xylophone to try finings out.
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Cory returns us to fine quesfion of whefiner or not music las to have patterns. He says

fiat it does because he las observed in his brofiner's music book patterns. I presume that he is

talking about fine way written music looks, finat it forms visual patterns. Suni doesn't finink fiat

means all music has to have pattems. Alyosha says finat finey usually have patterns.

I send finem back to fineir pods wifin rubber bands. I remind finem of all fine finings finat we

discovered about fine rubber bands and discussed on fine 30fin and before. They are to play wifin

fine rubber bands and finink about what finey think music is. I had finem write on finis--what finey

did, whefiner or not it was music and why finey finought so.

The meanings ofvariable, defining words.

May let

The class on May 21st starts with me asking that quesfion about what is music. For finis

class I got finree more xylophones, two of metal and one of wood and two glockenspiels so finat

each pod has fineir own insfi'ument.

I set up fine rest of class by having fine kids review fine last class for Abeni who was

absent. Emily tells us finat we had been talking about what sounds were and how sounds started-

-how sounds are made. Danping says finat we talked about what is music. She says finat we said

finat it involved beat which she explairns according to Suni fiat you can't put too rrany notes in

one beat. Suni says if you do fiat fast, it rrakes it into a beat. I ask if finey have to have beats in

music, all agree fiat finey do. Emily says finat irregular hitfing isn't a beat, it has to be regular.

Suni says finat is a rhyfinm pattern. I ask Abeni if finat is music, she doesn't finink so but won't

define it herself.

I remind fine kids of what finey had been doing wifin rubber bands and ask finem whefiner

or not finey finouglnt it was music. Timmy says sort of because it has beat and rhyfinm. Sueh-yen

says also it had rhyfinm. I ask about being able to make more than one sound. Dan says finat fine

two different sides of fine rubber band played different sounds. Tity finought it wasn't music
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because fine rubber band just vibrates. Thomas doesn't finink it's music because finere's any one

note, he can rrake more finan one rhythm pattern but not different notes. T'ity says fiat even

when she did what Dan described all she got were different "sounds" not notes. Larkin says she

fininks it can nnake music because fine rubber band is similar to a violin string which vibrates to

make music and so a violin needs strings to make music. Tity fininks rubber bands and violirn

strings are different. Suni agrees wifin Tity, music can have more finan one sound, it doesn't have

to, but it can. Danping fininks finat with rubber bands, you can rrake rhyfinm and different sounds.

Back to their pods in cooperafive learning groups finey work on fine xylophones and fine

glockenspiels. I tell finem to experiment wifin finem to finink about what is music. Then as a group

in fineir pod finey had to decide what music is and what to show us in fine whole group on fine

xylophones.

Differenfiafing rhyfinrrn, beat and finally pattenn is to be the substance of all fine

conversafions unfil the end of school. That and fine role of finose finree in music. I finink finese are

very inteesfing conversafions. To rrne differenfiafing between finese finree concepts isn't and

shouldn't be easy or stable. The differenfiafion of finese words hinges on establishing

convenfions. In turn, establishing convenfions is dialecfically fied to fine uses fine words are put to.

This is a fundamental task of a discourse community. The children in finese conversafions are

working on fine meanings of finese words as finey work on fineir concept of what music and firally

language is. They are construcfing fine meanings of finese words in the context of what finey are

doing and what ofiners are doing and also wifinin a context created by fine interplay of fine finree

words. There is an initial assumpfion, I finink, fiat because finese are finree different words, finey

must have finree separate and different meanings. In many ways, I am direcfing the conversafion

to bruise finis assumpfion. I want the children to look for ways fine words are related and similar

as well as different and separate. By doing finis I am posifioning myself outside fine developing

discourse community and effecfively altering fine development of convenfions. According to

Foucault (1979, 1980) a fundamental quality of fine process in which discourse communifies are

created is the creafion of dominance relafionships between members of fine community. I don't
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wish for finis to happen and I work to prevent finis: I keep our conversafional referent extemal to

fine personal relafionships developing in fine class. Ikeep our quesfions unanswerable. I finink

finis is an important point and one which keeps finis classroom community focussed by science,

dynamic and shifting rafiner finan becoming established into a set pattern of fininking or

interacfions. My fundamental goals in doing finis are not about fine science as much as about

shaping fine interacfions between people. I want people to genuinely value each ofiner and irn

parficular value differences between people. Keeping fine science answers receding is a tool in

doing finis. This is not just a social goal or value for me; it is also intellectual. When voices are

silenced, finen finose perspecfives are lost. When we lose finose perspecfives, we also lose fine

potenfial of finese to help us understand finings diffeently. I would argue fiat fine accumulafion

of different understandings adds up to a more profound understanding. Those that don't speak

often do so for social reasons. The social and fine intellectual converge in a negafive as well as

posifive sense.

The first group (and only group) finat presents what finey have done on fine xylophones is

"The Cheetahs". This group is rnnade up of Tity, Paula and Meiying. First finey play a pattern

(Paula plays two note one high and one low and alternating). Then a rhyfinm (Paula plays three note

repeatedly, two are the same and are both two bars played at the same time then a third which is lower and

not in a major scale and is just a single note). Then beat (Paula plays the same note over and over about

four time and then she pauses and repeats that same thing).

Teacher: So fine whole fining wifin fine pause was beat?

Tity: No each note.

Teacher: Now what about music, you did patterns, rhyfinm and beat but what about

music?

Tity: Well I finink music is sound and it's somefining finat has rhythm and beat and

pattern.

Teacher: 50 all of those were music?

Tity: Yeah.
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I ask fine class what finey finink. I have Paula play fine pattern over again and ask if ofiners

would call finat a pattern. Everyone says finat yes it is. Then I ask if people finink it is music and

again everyone answers yes. I ask Suni what he thinks. He says: "I finink it's a part of music, just

part of music." Darn says finat he fininks it's part of music and music too. I ask Paula to play

rhyfinm again. She does ("The Cheetahs" have written each of finese out on a piece of paper using

fine notafion carved on fine xylophone bars). Suni says that he finirnks "it's a rhythm, I don't finink

it's really rhythm, I finink it's a rhyfinm pattern because it's repeafing over and over again." I ask

him if he thinks it's music and he replies: "Uh huh, part of music." Danping says finat it is a kind

of music. I end fine class.

Defining words continued: Comparing/constructing similaritie and difl'erence.

May 26fin

I start May 26fin exactly where I left off fine last class. I ask "The Cheetahs" to perform

rhyfinm, beat and pattern over again and start fine discussion. I ask "The Cheetahs" first, finis fime,

what finey thought was the difference between rhythm, beat and pattern. Paula says finat finey all

sound different. So I ask how do finey sound different. I ask Paula what finey were fininking

about when they decided what was what. This didn't get much of an answer so I tried again. I

said: "Well I guess the reason why I'm asking is what you showed for rhythm could be a pattern

and what you showed for pattern could be beat and I didn't know what was fine difference

between fine three from what you showed." She adds finat to her finey all sound like beat except

rhyfinm and finat rhyfinm sounded like pattern.

The children discuss how finey created fine music finat finey played. Finally Suni adds: "A

pattern repeats over and over again, rhyfinm doesn't have to have a pattern in it but it can, it can

just be mixed finings finat make it sound like music." I ask him if he can show us an example of a

pattern fiat's not a rhythm. At first he says sure but finen retracts: "Well it's impossible to make a

pattern without rhyfinm." So I ask if he can rrake rhyfinm wifinout pattern.

Suni: Well yeah . . . hits random note with equal timing . . . except it doesn't repeat over

and over again.
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Teacher: 50 how is it rhyfinm?

Surni: It has, like, a kind of beat to it except it's not called beat.

Emily: He means like you can put rhyfinnn, you can put anyan irn rhyfinm but it has to,

it doesn't have to have pattern but finen pattern, it won't be a pattern if it's not one fining,

well not one fining but it has to repeat to be a pattern.

Cory: Well finis isn't really a pattern . . . hits note randomly . . . you're just going . . .

'cause nofining's repeafing.

Suni: 'cause that's not a rhyfinm pattern.

Cory: I know finis is a rhythm . . . hits note with equal spacing, all note are difl'erent . . .

you mean a pattern is [plays two note back andforth] it's got to repeat, finis is not a pattern

[hits random note].

Teacher: Now listen, finere's notlning that repeats in finis . . . play the scale decending . . .

but it goes high, lower, lower lower, lower, lower, lower, lower, lower, lower, that's a

pattern but it's not repeafing.

I introduce finis because I am fininking fiat patterns aren't just somefining finat simply

repeats or rafiner fine quesfion is, if repeafing is fine criterion, what is it fiat does repeat. In doing

finis pattern, my acfions repeat, fine change between notes repeats, fine fiming between notes

repeats. Just the actual notes don't repeat. This is a background/foreground kind of argument--

what is in fine backgound and what is in fine foreground? Defining finose two generates fine

pattern.

Suni says finat it's not a pattern. Emily says finat it has beat. I have said finat I finink it is a

pattern and ask how could it be a pattern. Suni says finat it has to repeat, for music, it has to

repeat but all patterns don't have to repeat, just musical ones. Sueh-yen also fininks finat music

las to repeat. Suddenly Suni seems to change his mind. "Well I neve said it really has to, did I?

Well it can also make patterns diffeent ways but, um, just rhyfinm is mixed up finings instead of

just going one one one, I mean a different way . . . you have to do it mixed up instead of like, you

have to make it out like a musical sound." Suni subsides to finink a bit. Danping says finat pattern

has beat in it. I ask her if finat means it also has rhytlnm. She says no but it does at least have to

have beat.



1 37

While fine children are sayirng finese sorts of things I finink about patterns elsewhere. I

mean, I finink finey are construcfing these definifions just thinking about music and what finey are

doing with the xylophones. Whenever finey say somefining like finis I finink about fine finirngs finat

they are doing and showing to us but I also finink about visual patterns or nnafinemafical patterns

or patterns in acfions and finink about how fine finings finat fine children say apply. That's really

fine source of my counter-examples. When Danping says finis about pattern having to have beat

but not rhyfinm I am fininking about visual patterns. It seems to me finat to apply her statement to

visual patterns, rhyfinm is fine repefifion, beat is fine substance of fine patternufine design in any

one unit of the pattern. Her statement doesn't work with visual patterns at least as I've got finem

defined. Wifin patterns in numbers naybe it does work. That is fine source of my proposed

pattern when I played a scale. Here the repefifion, "fiming"--fine relafionship between fine units--

is a constant, fine substance isn't. In a scienfific equafion, say E=MC2 (energy equals nass fimes

accelerafion), fine relafionship between fine variables stays fine sanne, fine content of fine variables

can differ in some waysumagnitude—but what is actually being measured stays fine same. E is

always energy, M is always nass. So back to fine number line, the relafionship between fine

numbers stays the same, fine content differs. But does it? Actually each is always a number. The

magnitude changes. But finat happens as a function of the relafiornship. Very confusing. Maybe

finis is a natter of where you stand to look at fine pattenn, what perspecfive you take. Especially

whether or not you stand outside the pattern and look at the meanings of fine variables or you

assume the meanings and effecfively stand inside fine pattern. Then you can see fine relafionships

but maybe not the idenfifies. Moving between standing inside and outside fine pattem-using fine

pattern and assessing fine pattem-are prinary goals of mine in our explorafions in fine fall and

now with sound and music.

An'gele suggests that if all three were put togefiner we would have a little song. Emily

says finat finat is what they did in fineir group so I ask if they would like to show finat to us next.

First of all Emily tells us finat her group finought finat music was pattern, beat and rhythm all

together. Then she says fiat they did finis because then "it wouldn't be so boring, for a pattern
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you wouldn't do . . . hits two difl'erent note repeatedly one after another . . . it's kind of boring but

wifin all of finem, it gets more interesting." I respond: "And you finink in order for it to be music it

has to be interesfing." Emily nods yes. Again finis is really interesfing to me. This is fine reason I

embedded finis "scienfific" explorafion of sound in a study of musicuto invite aesfinefic

judgements finat we could talk about and examine. I finink an overlay of aesfinefics characterizes

science. The generation of patterns is through the applicafion of an aesfinefic (i.e. Chandrasekhar,

1987). Differenfiafing background from foreground is finrougln aesfinefic judgement-judgements

based on unarficulated values and relafionships between finose values. I bofin want us to explore

using such values but also to examine them and how we are using finem. Construcfing music

from sound, as well as deconstrucfing music into sound, is a part of finis process. Understanding

sound by defirning variables—by seeing pattems--is a part of finis process. When Emily says fiat

applying a pattern, beat, rhythm makes it interesfing, I finink she is really saying finat fine interplay

between pattern and the undifferenfiated whole, between foreground and background makes it

interesfing. The over-applicafion of pattern, so finat finere is no irregularity, makes it boring.

Weaving fine irregularifies into fine pattern nakes it interesfing.

Emily: No it doesn't have to but it's just more fun when it's interesfing, instead of just

going like finis [hits a couple note] finat's not very interesfing, you're just hitting finem, well

fine first fining we're going to do is do all of them together and I wrote down a separate of

them.

Teacher: Okay you're going to show us pattern, rhyfinm and beat togefiner and finen

you're going to show us fine separate parts, could . . . um, Cory in a second I'm going to

ask you to sit in your chair, could you please give fine group your attenfion . . . Emily plays

first a simple pattern which she repeats twice then a pattern on a descending scale then a more

complex pattern which she repeats twice then an ascending scale and two simple patterns which

she repeats twice . . . okay so finat has pattern rhyfinm and beat together?

Emily: [Nods] Okay and now we're going to separate finem, finis is pattern . . . plays a

pattern of two note alternating then goes down the scale and doe it again then back up the scale

and again . . . and finen this is rhyfinm . . . plays two note in a decending scale with one

timing, then tree more note ascending but with afaster timing, then some other stuffwhich is

more complicated and ends with a decending scale with a slower timing.

Teacher: That's rhythm?

Emily: Um hum and finis is beat . . . plays up and down scale with little do da '5 in them but

all with the same timing.
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Teacher: Okay I don't see how pattern, rhyfinnn, or beat were different, how were finey

different?

Emily: Well pattern is like . . . plays three note decending then a different three . . . two or

three at a fime, finis isn't really pattern . . . plays random note . . . it's not an even pattern

it's not close to a pattern but finis is pattern playing one or two or finree at a fime . . . plays

a scale twice.

Teacher: Okay and show me what beat is again?

Emily: Okay finis is beat . . . plays a little tune with deliberate spacing between note

Suni says finat finis doesn't really sound like a beat, rafiner it sounds like a pattern "a little."

Emily starts to argue wifin him. She plays a descending scale, hitfing each note twice and

challenges him: "You call finis a pattern?!" Suni responds: "Yeah it's a patten, beat just keeps

going, it has spaces, long spaces." Tity agrees, she fininks it's a pattern too. Emily confinues to

play and starts to vary fine fiming in between notes. Suni says finat it should have consistent

spacings between notes.

Then Emily tells us finat: "What we did, what we decided was finat we would just do like

three or two at a fime in patterns . . . plays the xylophone . . . and finen we'd just rest for a nninute

and then go on and do some others and go like finat . . . repeats . . . and then we'd rest and we'd

go again . . . doe it again . . . . Danping comments: "Emily when you played fine first fining, I

think fine five note, or whatever, in between the two notes or whatever, fine fime was a little bit

longer than at the end because, see, when you went like, first, when you went like da do la la la

and finen at fine end you went like do do do do do [fast] like finat, well finat didn't sound like beat

to me, it sounded like a song." Emily replies: "Well finat's your opinion, it's not our opinion."

That's true but sfill I want her to be able to arficulate what she is doing and fine base upon which

she and her group have decided to do that fining. I finink finough that is an interacfive process--

interactive with other children and interacfive as fine "music" is created and wifin fine creafion after

it has been made-purposely creafing illustrafions and also discovering what finey have done after

they have done it.

Now Alyosha says that he thouglnt what Emily played was a pattern, a beat is much

simpler. He plays fine same note over and over wifin no change in fiming. Suni says that he



140

ages but finen he says finat "it's a pattern except it's a beat." Alyosha responds: "It's a pattern

because it goes a lot of fimes, but finis is a beat . . . hits it once . . . finat's why I finink it's a beat,

then it's inn rhyfinm, well finat sounds like a pattern to me."

Emily: Well we decided that a beat doesn't always have to have repeats, you can just

keep on going . . . plays diflerent note . . . 'cause like every part of music is a beat, music

has to have a beat.

Suni: Emily why did you put rhyfinm in it, when you know you're not supposed to mix

things up.

Emily: Well because we decided finat a beat doesn't always have to be going like finis . . .

plays something . . . we decided that you could go like finis and put rhyfinm and pattern in

there ... plays different note repeatedly.

Suni: I know but a beat isn't supposed to go like finis and finis and finis . . .

Emily: Music has to have a beat, has to have a beat first.

Suni: I know but it has to hit on the same fining each fime.

Emily: Not to us!

Suni: Well why'd you finink of fiat?

Emily: To us we finink finat we can just go like finat . . . plays random note with the same

timing.

They keep on debafing what a beat is very much like last class. Emily seems to finink it's fine

timing finat defines a beat and Suni fine note. Finally I ask Cory what he fininks a beat is. He says

that he can't really say, a "beat doesn't go anywhere . . . I ask Sueh-yen. He says: "A steady

beat." I ask him if he means that it has the same amount of fime between and he agrees. Suni

says: "A pattern is when you repeat it wifin different notes and somefimes you can do fine same

notes." I think his insistence that beat means hitfing fine same note is because he is trying out

ways to differenfiate beat from pattern. Somefimes he says fiat one is part of fine ofiner and

somefimes he is working on how they are different and he wants to rrake finem completely

different. Firally he says: "A beat is a pattern except a beat just keeps on going going going just

like Sueh-yen said, a steady beat."

Emily fininks finat he is trying to differenfiate between beats and rhyfinm patterns which

she calls pattern beats in which I finink she is saying that fine beat is defined by fine repefifion of
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fine whole pattern. This gets confusing because Suni keeps bringing irn different criterion to judge

finem by. This fime he says finat fine tone can't change. I ask Andy what he fininks. He says finat

he sort of agrees wifin bofin Emily and Suni. ”The reason why I agree wifin Suni is because beats

do have, um, one note in them somefimes and somefimes they have different notes that's why I

agree wifin Emily." But Suni repeats: "That's a pattern, beats are patterns too and beats just have

to stay on fine same bar (note) and just keep going and you can add nnore beats to make it music."

Finally he adds: "You have to keep doing it and add ofiner stuff to it [I think he is talking about

reolving to a tonic] you can add."

I end class by telling them to write irn fineir notebooks a sentence saying what they finink a

pattern is, a rhyfinm and a beat.

Defining words continued: What is a pattern in and out ofa context?

Playing with context to think about meaning.

May 28fin

On the 28th we start class trying to write paragraphs togefiner finat define pattern, beat

and rhyfinm. Emily suggests finis sentence "if a pattern doesn't repeat it wouldn't be a pattern." I

ask Emily to explain why she said fine sentence finat way. She explairns it by giving an example

hitfing on her desk. Suni doesn't agee finat a pattern needs to repeat.

Danping: If a pattern doesn't repeat it's not going to be called a pattern.

Suni: Yeah but it could be somefining else. .

Danping: Yeah but it can't be a pattern.

Emily: It wouldn't be a pattern, it would be something else, it wouldn't be a pattern.

Suni: Well what if it's called a pattern.

Emily: Well there's two kinds of bats, one bat and another bat. [Many children are talking]

Suni: Well see a pattern could have been anofine thing.

Emily: I know but it could be two kinds of patterns.

Suni: Or one kind but it's not what the pattern . . .
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At this point Emily gets up and goes and gets a dicfionary and starts to look up pattern. I

ask Shumslad, who has his land up, what he has to say. He says that he sort of disagrees with

Suni and sort of agrees with Emily because "somefimes a pattern doesn't have to be . . . if it

didn't repeat, it couldn't be a pattern, and somefime I agree with Suni. I agree wifin Emily and

disagree and I agree wifin Suni and disagree because, see, you could . . . pattern has to repeat

ofinerwise it couldn't be a pattern and somefimes maybe not." Thomas says finat he does finink

finat patterns have to repeat; he doesn't agree wifin Emily but Emily tells him finat she has changed

her mind.

Danping: She didn't say fiat patterns have to repeat.

Teacher: Well she didn't really say it, she just did it.

Suni: Patterns don't have to repeat. [Many are yelling]

Emily announces that in fine dicfionary there are "tons" of meanings for fine word pattern.

She reads from fine dicfionary. "An arrangement of forms and colors, designs, the pattern of wall

paper, rugs and jewelry; a model or guide for somefining to be made, I use paper patterns in

cutfing fine clofin for my coat. A fine example; model to be followed, he was a pattern of

generosity. Make according to fine pattern, pattern yourself after her." I reread finem and after

each ask whether or not finat works for music. These definifions appear at first to be unpronnising

except that finey link pattern to design, to having a purpose, and to human agency. These are

important concepts for me--patte'n, design, rrnefinod are all connected by people purposively

doing chosen acfivifies. These acfivifies are chosen wifin respect to fine attainment of a goal. This

is somefining I would like to develop wifin the classufininking and talking overfiy about finis. To

do finis I increase the dwell fime on fine first definifion.

For fine first definifion fine children say finat finey finink it doesn't apply to music. All are

fininking about visual designs. They talk, using the word design unfil I ask, "Is pattern a design,

are pattern and design fine same fining?" Emily says finat pattern has different meanings. Cory

has said finat wood has a pattern so I ask if finat pattern repeats. Suni says finat fine wood is like

finger prints. I ask if this repeats. Suni says 'Well finey're a design." An'gele says somean
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about people who are talking on Mars, who are from Mars, fiat wouldn't be a pattern because it

couldn't be understood by us or recognizable as language by us. I sumnarize the finings finat fine

children have been saying, "You're saying finat patterns have designs in finem, do musical patterns

have designs in finem?" Now most of fine children seem to finink finat musical patterns don't have

to have designs in them. Teton says fiat some patterns do have to have designs. I ask him if he

can suggest a pattern finat doesn't have a design. No one can so I suggest 2, 4, 6, 8, 10, 12 and ask

if finat's a pattern (I think it's both a pattern and a design, I finink finey go hand in hand). Sonne say

yes and some say no. Teton says that he fininks it is a pattern and so does Sueh-yen. "Yeah 'cause

it keeps skipping two all the fime." I ask him if he fininks it's also a design.

Teacher: Is finat a design?

Sueh-yen: Ummmm . . .

Danping: And they're all even numbers.

Teacher: They're all even numbers? Does finat make it a pattern?

Andy: Even even even even . . .

Sueh-yen: And odd odd odd odd odd . . .

Teacher: And finose aren't designs or those are designs?

Andy: Those aren't!

Teacher: So Sueh-yen how about in music does music have designs?

Sueh-yen: No.

Teacher: Does music have patterns like two four six eight?

Danping: No.

But many ofiners finink finat it does. Danping changes her mind. Such-yen adds finat

"they have certain kinds of patterns but not fine two four six eights." He suggests that you can

play a pattern like hitting two bars and taking turns between finem. I do finis and ask whefiner or

not it is a pattern like two, four, six, eight. Everyone says no. I play an ascending scale skipping

every ofiner bar. People say that is like two, four, six, eiglnt. Timmy says: "When you skip each

one . . . it says out the name, like when you skipped fine first one, to me it says, um, two and fine
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ofiner one says four." Danping adds finat "when you write a piece of music, you could use

numbers." I ask her how she would do fiat.

She comes to fine board and writes 3 5 7 then she plays finose bars on fine xylophone.

After doing finis she explains that you could do finis same sequence at different places on fine

xylophone and fine notafion for describing finis would involve putfing "dots" above or below the

numbers. If you wanted to sing somefining along wifin finis you could write fine words under fine

numbers. I suspect finis is from one of finose little books finat come wifin simple keyboards finat

teaches kids to play songs. I remember somefining like finis from a present Larkie got when she

was four. Sueh—yen has a different suggesfion he writes do re me fa so la te do. He calls finis fine

scale and equates fine words wifin Danping's numbers and fine actual notafion written on the bars

of the xylophones. I ask him if it's a pattern and he says yes. I'm not sure if I am getfing at or he

is fininking pattern in fine words or pattern in fine correspondence.

I got back to fine definifions in fine dicfionary. I read fine first one again and ask whefiner

or not it has anng to do with music but finis doesn't get anywhere because Emily wants to talk

about more notafion for the music. She suggests finat when using numbers, fine numbers should

correspond to fine relafive posifions of fine bars from one end. Then letters above or below fine

numbers could be used to refer to tones that aren't really on finis parficular xylophone (ones with

larger ranges of notes). I ask how any of finis could be a pattern though because I don't see how

using numbers leads us to patterns finat repeat and finey have defined patterns as repeafing. I ask

Danping how her's repeats. Danping says wifin fine dots. Danping, Andy and Emily debate fine

qualifies of fineir different notafions. They get into working finis out on the xylophone. Danping

seems to be quizzing Emily on whether or not she wants the numbers to just keep on going or if

there is some beginning and endirng. Danping's scale seems to have implicit recognifion of an

arbitrary beginning and Emily's doesn't.

Cory asks Emily why her scale is descending rather finan ascending. Emily says finat it

could go eifiner way, it's just what she likes best. The two of finem start playing with fine scales.

They start discussing what of various patterns sounds better and finen the two of them togefiner
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begin to do different incremental changes to one pattern of four notes. Cory seems to want fine

pattern to end on a descending note. I ask finem why fine firnal choice sounds better to them.

Emily says because it's not boring. This goes on a lot longer with different kids adding in what

finey finink of fine piece or how they would alter it.

Teacher: I don't understand what any of finat had to do wifin patterns.

Benjamin: Nothing!

Cory: It had to do with patterns.

Teacher: What?

Cory: Well it didn't have anyfining to do with patterns but if me and Emily kept on, fine

last one that we made up, finat we said was good, we should have kept on, kept on doing

that.

Teacher: 50 finis is a pattern . . . play their bit again a number of time . . . finat's a pattern

[yee] and is that a design? Ln/ee and nos] Who said yes? How is fiat a design?

Thonas: It's a design in music, well fiat wasn't just fineir's, somebody designed it, finey

couldn't have just said we'll rrake D D E or somefining like finat, finey had to design fine

music, to make it, finey had to rrake up fine notes.

Teacher: So a design is somefining somebody made?

Emily: They had to go let's try D C C and see how finat sounds like.

Teacher: What's fine difference though Thomas between your idea of design, which is

somean somebody makes, and a design in fine wood on fine table.

Thorras: Well finey're designing music not a table, I mean somebody didn't really design

it, but finey designed fine shape of it, of how it would look.

Teacher: Oh I see, so somebody had to decide how fiat would look and somebody had to

decide how fiat would sound.

Thomas: They designed fine wood!

Emily: They had to decide what finey were going to do to rrake finis and how finey were

going to rrake finis, what finey were going to do.

I summarize Thomas's definifion of design as "somefining fiat someone has made so if

you play a piece of music like . . . do it . . . that's a design because somebody made it." Then I

ask what people finink of finat. Cory says finat he disagrees, a design has wrifing. Suni doesn't

finink finat has to be true. Different people suggest designs like fine school, fine color pattern finat

fine cubbies are painted, carpets. I ask again if designs are things fiat people rrake.
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Tity: Yeah!

Teacher: So if I write a book is that a design?

Suni: Yeah, you designed fine book

Tity: If you designed a book . . .

Andy: If somebody else made it, if somebody else invented fine book and you put fine

book togefiner fiat would, finat wouldn't be your design.

Teacher: You have to invent it too as well as put it togefiner?

Andy: Yeah.

Danping: Yeah.

Suni: But army people finey design their faces with paint!

Cory says people are designs. I ask him how and he says finat "somebody made em . . . if

nobody nade em finen finere wouldn't be any of us right now." Some children respond to finis by

saying finat god made people. Some start to disagree wifin finis. Such-yen says finat people are

designs because finey choose what to wear, how to look.

Then Emily returns to talking about designing fine school. She starts to draw on the

chalkboard and says: "A design is, well, if someone said, "well let's build a school," finey'd have to

design it . . . how finey were going to build fine school, finey'd say, "well how are we going to

build fine school?" and finey'd probably go like finis . . . draws a school . . . they'd make a school

building and finey'd make a school and stuff irnstead of just going like finis . . . draws a scribble . . .

it doesn't really look like a school." So I ask her what she would finink if somebody just took a

whole bunch of wood and started to put it together to nake a school. She says finat it wouldn't be

a school. Suni says that it would be a building at any rate. I ask fine same quesfion again. I am

thinking that the act of designing could occur, does occur as fine building is going on. I don't

finink you can really separate out design from building. Also what about building somefining and

finen nanning it, when is fine design in finat? What is interesfing finough is how fine children have

linked design and patten finrough fine idea of purposeful acfion. I would define mefinod as

purposeful acfion that mediates between object and subject. I finink finis is exacfiy what finey are
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doing also. This fime Suni responds to my quesfion about just starfing wifin wood and building

until you got a school: "just because you did fiat- you designed it-- so it is a design."

Teacher: It's being designed as I do it, is finat what you are saying?

Suni: Yeah but you designed it, you wanted to make it, finen you made it.

Emily: But if you were planning on rraking a school . . .

Suni: That's designing, but you don't always have to plan on it, you can just think it over.

Emily: But if you designed it on a piece of paper and you said finis is what my school's

going to look like . . .

Teacher: What do you think Teton? Do you think fiat you have to design a school, if

you're going to build a school, you have to design it on a piece of paper first or do you

finink you're also designing it if I just go out and start banging pieces of wood togefiner

and call it a school?

Teton: I finink you have to design it because, um . . .

Teacher: On a piece of paper?

Teton: Yeah well you could . . . just if you had lots of people and you do it and each of

you had an idea and if you rrake your idea and if it's at the same place, it's going to be

different.

Exactly my point-a design represents a plan, it enables purposeful acfion, it necessitates

mefinodical, disciplined acfion, it gives meaning to acfion. Timmy adds: "They have to do that on

a piece of paper because usually they have like a big piece of paper and finen finey design what

they are going to rrake and finen they, when finey make it, finey bring fineir paper wifin finem and

finen they look at fine paper so finey can design it like finey drawed it on fine paper." I think he is

talking about making sure fine outcome matches fine design but finat's not really what I am

suggesfing or Teton eifiner. Finally Andy says: "Maybe if you just start banging wood togefiner

and you didn't know what it was and you were just banging, like you didn't shape it before, and

then when you were finished before you know it, you had a school made."
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What is music? Using patterns to examine afundamental quetion.

June 2nd

June 2nd is fine last science class. I start class with a hand clap and ask if it is a pattern.

All seem to say yes but then I ask if it's rhyfinm and finey also say yes and Danping says it's

rhyfinm but not pattern because it only happened once. To be a pattern it would have to repeat

again. Suni agrees wifin finis. So does Meiying but she does a simple repefifion and someone

argues finis is a beat. Cory says whefiner or not it's a pattern depends as much on fine "rests in

between." There is a lot of argument about finis. Alyosha and Suni say it depends on fine

regularity of the rests. Timmy and Thomas say if finere is at least two, it's a pattern.

An'gele suggests as an example of a pattern finat a person grows from a finy baby, larger

and large and larger and finen when finey are very old, finey start growing smaller again. This is

important and we get back to it in a nninute. For now though fine children confinue debafing

whether or not a beat is part of a pattern or is a pattern. Finally Cory says finat pattern repeats

and so does beat finerefore beat is a pattern.

Sakfi has had her hand up for a while and I call on her. She says finat she disagrees wifin

An'gele, she says that she doesn't think finat as people get old finey get small again. Danping and

Emily bofin say that finey do. Paula says not all of finem. Cory says finey shrink and giggles.

Shumshad says that he doesn't think that finey go as small as a baby. I ask An'gele to repeat her

claim. "When you are a baby, you are maybe about finis big and finen you get bigger and bigger

and bigger and bigger, when you get older, you sort of you loose your balance and you go like

finis [hunche over] and it looks like you are shrinking a little bit." Sakfi and Emily confinue to

disagree. Sakfi refers to her grandmother who hasn't shrunk. I ask Sakfi if it would be okay if we

amended An'gele's pattern to some people. She nods yes. Emily finough sfill disagrees: "It can't be

a pattern if you're born about finis big and you get bigger bigger bigge bigger unfil you get old

and finen you just shrink a litfie bit . . . I remind fine children of an old pattern we talked about

in fine fall, of fine bricks in fine slide. I sketch it on fine board to remind everyone. Then I confinue:

"It went bigger bigger bigger and you called that a pattern . . . you said finat was a pattern because
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it went bigger bigger bigger bigger? So how come it couldn't be a pattern, as a child gets bigge

bigger bigger you know that's a pattern." This is like fine two, four, six progression. 1 ask Sakfi

what she fininks. She says finat it takes a long fime for a baby to grow. I'm not sure if she doesn't

want to call finis a pattern because she fininks it takes too long to see a change or if her point is finat

the change is confinuousufinere are no discrete "bits" to form the units of fine pattern. Surni says

finat taking a long fime doesn't matter; it can sfill be a pattenn. Emily says that she sfill disagrees

wifin An'gele because even if old people do grow smaller, finey sfill don't return to fine size of

babies. I ask her if she fininks finat a person would have to return all the way back down to a

baby's size for it to be a pattem—does it have to be a complete cycle? "Yeah she'd have to go small

bigger bigger bigger bigger small bigger bigger bigger bigger small bigger bigger bigger small." I

ask again about the pattern in fine bricks or just about a pattern fiat confinues to progress. Cory

and Tity bofin don't finink it's a pattern. Tity: "It just goes up up up up." Suni and Danping do

finink it's a pattern. Danping: "Well I finink it's a pattern 'cause it keeps going up finough." Abeni

fininks it has to go up and finen go back down.

Surni: Well, um, what Abeni . . . well when it grows up and up, it doesn't have to stop,

just like a new baby doesn't stop, see just like numbers, finey always grow, finey grow and

they don't go snaller.

Emily: They go one two finree four five six seven eight nine ten but if finey were to grow

snaller, finen they would go one two three four five six seven eight nine ten ten nine eiglnt

seven six five four finree two one!

Teacher: Right and finey don't finey just keep one getfing bigger and bigger, is numbers

just getting bigger and bigger, is that a pattern? [yees and no '5]

Cory: No 'cause finey never get smaller and smaller.

Suni: Yes they can if you count them backwards [different kids are doing thisfrom difl'erent

starting place].

Teacher: Um, I heard what Emily said, she said it would be a pattern if you count

backwards forwards backwards forwards but is it a pattern if you just start at zero and

count forever? [Nos]

Suni: [Sonny shakes his head.] 'Cause your just repeafing it, repeafing, just repeafing it and

that's a pattern 'cause it's repeafing.

Emily: Repeafing what?

Suni: Repeafing like growing . . .
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Benjamin: Numbers.

Suni: . . . finey keep going and tlat's a pattern too [many talking] well that's a pattenn too,

numbers are patterns going backwards and forwards.

Shumshad: I agree with Suni because see finey're growing and growing . . . first it grows

a little, finen it grows a little more and finen it grows a little more and that's a pattern.

Sueh-yen: Well I finink fine numbers . . . when you just go zero and up and forever is a

pattern because every fime, when you get to one fining, there's always a zero and finen

one two finree four five six seven eight nine and then a zeo and then one two three four

five six seven eight nine and finen a zero and fine numbers are five or six or seven.

I end finis part of class. I feel finat finrough talking about pattern in such a number of

different contexts we have come to examine quite finouglntfully what we mean by fine word. We

have done finis also by examining examples of pattems-—what fine word means for different sorts

of pattern, musical, visual, numerical-and by seeing how we could use patterns to construct

ofiner finings. Examples of fine latter are when fine children composed music, when finey worked

on musical notafion, when finey talked about building a school, when An'gele discussed how talk

from an person from outer space, an alien's language, wouldn't be a pattern because we wouldn't

be able to understand it.

I have one final place in which I would like the children and myself to finink about

patterns and music. I had planned finat today, the last science class, we would listen to bird song.

My idea in finis is finat bird song varies in pitch and loudness in very complex ways which are

hard to describe. I want to see first of all if fine children would call these patterns and finen how

finey would articulate fine components of fine pattern. I don't finink finis is a simple task but it

seems important from fine way finat fine children up to now have been defining pattern, beat and

rhyfinm. I want to know whether or not fine clnildren would call bird song music and what fine

criteria for finat miglnt be. We start by looking at some feafiners and I tell a story, then we listen to

bird song. The bird song is from fine Peterson Birding by Ear (Walton and Whanson, 1989) tapes

out of which I have edited fine talking.

The first song I play is of fine carAminal. There are bofin fine call and fine song and each is

repeated finree fimes. I ask if fine children finink finat is music. Andy says yes. Emily says "bird
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music." Ofiner children are saying bofin yes and no. Thomas says fiat it is music because: "Well

some people might finink it's not, some people might finink it's pattern or beat, I finink it's music, it

sounds good, it has beat, it has pattern and it seemed like it to me." I ask what music has finat

pattern and beat don't have alone. Thomas says that music doesn't have really big spaces. He

uses an example from the tape: "At fine beginning finey have a peep peep peep that was not music

finat was just fine beginning.

Danping says finat she fininks it was music because it had a pattern. I ask he if finat is all

it needs and she says no, it also needs rhythm and beat. Suni says finat it doesn't have to have

beat: "I don't finirnk it had to have beat, but it did have a kind of pattern, it went chewww, cheww,

chew chew chew, but it went like chewww, chewww, chew chew chew chew, chewww,

chewwww, chew chew chew chew when it went like finat, I finink finat is a pattern 'cause it's

repeafing."

We listen to a meadowlark next. Tity says finat she finouglnt she could hear a pattern. I

ask her what the pattern was and she says that she can't say. So I ask how she knows it is a

pattern then. Sueh-yen says because it repeats. I stay with Tity and ask her if she needs to be

able to say how it goes to be able to call it a pattern. She says that she doesn't know. Suni does

finink it's a pattern and he arficulates the sound fiat he fininks repeats. Alyosha doesn't finink it

matters if you can describe what repeats just so it does repeat. Abeni fininks finat it is just beat not

music. "When finey repeat that pawwk pawwk pawwwk pawwwk over and over again I finink

finat's a beat but I don't finink it's music."

Next I ask how fine children finink birds rrake fineir sounds. Danping says finat you'd

have to test them to find out. Shumshad says: "I finink finat's their language because we have a

language, because if finere was a giant and we spoke fineir language and it was just like fine birds .

. . so finose would be words finat finey are speaking, so it might be just like our language." I ask

how we make sounds. Shumshad says from our brains. I ask if it's made in your brain. "You

can't talk but you know what you talk about and your brain helps you a lot." To me finis is a lot

like fine discussion of design as purposeful acfion last fime. Bird song or language is the result of
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design. Emily, Alyosha and Timmy disagree wifin Shumshad. They claim finat bird song comes

from various parts of fine moufin and finroatuAlyosha, fine uvula, and Timmy, fine tongue.

Many start to talk about fiat. So I ask if you can make sound wifinout talking. Thornas

and Emily says yes and Emily adds finat she knows a person who has had her tonsils taken out

and she can sfill talk. Alyosha says you need fine thing irn the back of your finroat and your

tonsils. An'gele says that you can't talk wifinout your tongue but you can rrake noises. This is

interesfing—it's not what you mean by your noises, it's whefiner or not ofiners can interpret finem

that consfitutes talk. Andy agrees and I ask him where fine noise comes from finen.

He says from your finroat but he indicates in your neck. Suni says finat when you talk you

can feel somean irn your neck but he can rrake a click wifin his tongue that he can't feel in his

finroat. Sueh-yen says fiatwhenhetalkshecanfeel whathesays. Iaskhimifherneanshecan

feel fine vibrafion. He says yes and then he does Suni's click. Everybody starts experimenfing

wifin fiat now and seeing if finey can feel it in fineir finroat. Some say finey can, some say not.

Andy says you can't because "it doesn't have anything to do wifin your neck or finroat it only has

to do wifin your'tongue and mouth."

I remind them that finey said before finat sound happens because somefining is hit and it

vibrates so what is vibrafing for us or for a bird. Cory says he can feel it vibrafing when he talks

in his throat. I ask how finey make it vibrate, finey don't hit anyfining. Abeni says fiat her voice is

vibrafing. Alyosha says finat fine fining in fine back of his moufin moves, when you scream it goes

up and if you aren't so loud it goes up just a little bit. Andy says that he fininks when you scream

your neck vibrates. He points to his voice box but calls it his tonsils. I ask if fiat means it's

making fine noise or is it vibrafing because of fine noise. Andy says because it's making fine noise.

Suni says finat "air waves push finrough your neck and finen when it goes finrougln finis part, it

makes a soun

Teacher: So fine air waves moving finough your neck vibrate and when it hits fiat part, it

makes a sound.

Suni: Uh huh.
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Shumshad: See, um, I don't finink we should talk about finis anymore, we are talking

about birds we aren't talking about humans.

Teacher: Okay do you have anyfinirng more to say about birds? How do you finink birds

make noise?

Shumshad: Maybe same fining.

Teacher: Like what Suni said fine air moving finrough vibrates and . . .

Shumshad: I finink when you scream in your finroat, it's not loud see when you do it, it's

not loud but when it moves [ . . . out finrough your nnoufin . . . ] I finink it widens and finen

it makes fine voice louder, finat's what I finink.

Teacher: And is that how birds work?

Shumshad: Um, maybe.

Teacher: Do people think finat birds nake noises fine same way finat we nake noise. [nos]

Abeni: I don't finink finat birds make sound fine same way finat we do because birds, you

can't understand fineir words.

Danping: Yeah I kind of age wifin Abeni because maybe finey're not singing, maybe

they're communicafing.

Emily: Okay say finis was our finroat, it has a whole bunch of stuff in it like fine bones and

stuff, finen finere's a little fining here finat helps you talk and finen finis is a bird's finroat and

it doesn't have anyfining circled so it can't speak, so finey have a certain fining fiat nakes

them talk but they don't talk like we do 'cause it has a diffeent fining fian we do.

Teacher: So the inside of fineir throat is different, is fiat what you are saying?

Emily: Yeah 'cause if they talk different from us, finen they've got to have somefining

different irn fineir finroat.

Conclusion.

In finis last class fine children argue about three possible examples of pattern and design-

a child growing, numbers and bird song. In all finree instances, finey apply and finerefore test fineir

working definifions of pattern, beat, rhythm and design. Within fine context of fine child growing

and numbers, they seem to be confinuing their contemplafion of fine meanings of fine word

pattern. There is a sense of fineir weiglnirng meaning against example and fininking crifically about

bofin. In thinking about bird song, my attempt to get finem to finink about pattern in finis context
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seems to 'cause fine children to juxtapose music to language. In finis instance, finrough being asked

to finink about the meaning of pattern and music in finis new context, finey finouglnt about fine

phenomenon--fine context itself, bird song-and argued that wasn't music at all but rafiner

language. They reassessed fine phenomenon, fine context.

The children in fine course of finis unit have engaged in seeing patterns (in the

xylophones, rubber bands, guitar and fine sounds finat finey make). Seeing patterns in these

contexts means reducing fine whole of fine phenomena into parts-seeing variables which can be

correlated. Because seeing finese variables was intertwined wifin seeing fine patterns arnd

correlafing fine patterns (finese last two are fundamentally quesfions), fine children became

engaged in developing patterned ways of interacfing with fine music and sound and wifin each

ofiner. They developed a method-a patterned way of acfing and interacfing around a mutual

purpose.22 This is at fine core of community: shared purposes, shared ways of acfing, shared

ways of talking. It also comes about finrough knowing each ofiner: anofiner aspect of acfing in

pattems--when Surni or Emily, for example, speaks, others know to an extent what to expect.

When asked to examine sound wifinin fine context of fine quesfion "What is music?" fine

children again reduced music into variables and began to argue about fine mearnings of finose

variables. Defining fine meanings of finose words-fine variables-meant defining what finey are

and are not. What diffeent words share wifin each ofiner and what finey don't. Firally it meant

weighing the developing meanings of fine variables against fine phenomenon, music. To define

music wifin solely the variables the children chose-beat, rhyfinm and pattem~excludes many

qualifies of music, tone and aesfinefics for example. The children debated fine usefulness of fineir

variables to capture what they finought was important about music. Often by trying to apply just

their variables finey found that did not describe what finey wanted. They finought about bofin how

music is composed of their variables and also about how it is more finan just finose variables.

 

22Note finis is a different way of viewing fine meaning of mefinod in science from finat commonly

cited in philosophical works about fine nature of science, i.e. Rorty (1991) Objectivity, Relativism

and Truth: Philosophical Papers, "methodical: to have criteria for success laid down in

advance." In a social sense I am agreeing wifin finis definifion however: to successfully

communicate with each other fine criteria for interacfion must often be laid down in advance.
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Through finese discussions fine children worked on bofin fine development of a language

as well as "ways" of talking-acceptable ways to present and debate fineir ideas. Aspects of finis

process parallel finose of a discourse community. Unlike a discourse community, however, I saw

my role as teacher to be one of prevenfing fine development of convenfions and hierarchical

relationships of power between fine children. I try to keep fine conversafions of fine community

from reaching closure by keeping the referent point of discussion external to fine relafionships

between fine children--fine referent point was what does our discussion tell us about fine

phenomena, not just what use can we put our knowledge to. In finis way the community

remained dynamic—it's purposes, quesfions, mefinods evolving. In effect fine community formed

finrough fine medium of our explorafion of science. The science was not an end point to fine

community but rather fine opposite: fine science was a tool in fine fornafion of fine community.

This of course was not my intent. My intent was that fine children acquire "habits of acfion for

coping wifin reality" (Rorty, 1991). This, finougln, can be regarded as at fine core of a commurnity23

and expressions of, conversafions about, finis acfivity, its result.24 The development of patterns of

acfing—of method--is a manifestafion of and a tool in the construcfion of community.

In fine course of fineir conversafions about music, the children came to discuss fine

meaning of fine word pattern and also design in both senses, as noun and as verb. I felt fine

children reflected on fine meaning of the word "mefinod," alfinough finis was never explicit, in a

number of contexts. The discussion of mefinodupurposeful acfionugrew out of fine discussion of

design which in turn grew from the discussion of pattern. The finree are linked.

Finally in fine context of a discussion of fine growfin of children, numbers and bird song,

fine children used fineir ideas of fine variables of music and patterns to assess whefiner or not finose

finree finings were patterns or music or designs. In doing finis, finey again finought anew about the

definifions of finose words and about fine classificafion, fine nature of fine phenomena, itself.

 

23 For example see Marx (1983) Theses on Feuerbach.

24"Dewey...any philosophical system is going to be an attempt to express fine ideals of some

community's way of life" (Rorty, 1991).



CHAPTER 4

KNOWING

The focus in finis chapter is, in a sense, on me—the finings fiat I do in fine class and why I

do finem. That is not to say fiat fine previous chapters were not also about fiat. I finink fiat in the

stories fiat have preceded finis, I wished to communicate fiat my role was bofin proacfive and

reacfive. I chose the science finat we were exploring in class and I responded to fine clnildrern's

ways of shaping fiat science. This rarely, finough, meant a fundamental alterafion of my original

choices. In finis chapter, I have to choose between fine science and maintaining fine classroom

discourse. There are nany fundamental choices fiat I have rrade, moral, emotional and

aesfinefic, about how I nanipulate fine children into interacfing wifin each ofiner as well as wifin fine

science. I hold finose values more important finan engaging fine children in fine science. In rrany

instances in finis chapter, I recast fine science so fiat I can maintain my values about fine discourse.

In fine ofine chaptes I make fine argument fiat fine classroom community is shaped bofin

by fine ways finat I encourage the children to interact wifin each other (respect for each ofiner and

each ofiner's ideas) and by what I feel is a genuine engagement fine children have wifin the science.

I have up to now emphasized fine latternfinat it is fine sense of shared purpose finat enables fine

construcfion of ways of interacfing. This is not enfirely true, the community of fine classroom is

dynamic, its purposes and focuses shift and reshape finemselves as our explorafions evolve. The

constant is fine way fine clnildren interact wifin each ofiner. Because I require fine children to act in a

cetain way, fine focus of fine community can change without fine community dissolving. The

children value each other and so finey value expressions of new ideas which become new

156
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purposes as more and more children parficipate in exploring finem. (Remember finese ideas are

expressed prirrarily as quesfions and asserfions-finis enables explorafion and discovery, mefinod

and purpose.) In fine classes in finis clapter finere is a greater tension in finis choice for nne

between fine science and the discourse. Often in order to maintain my ideals about fine discourse,

I reshape the science radically so finat we can respect each ofiner's ideas. In order to naintain fine

sense of a community wifin a shared purpose, I abandon fine science finat I want to be doing

(exploring simple machines) and allow fine clnildren to shape a new topic (the solar system).

Finally when I want to stay wifin one parficular topic in fine science arnd not allow fine children to

reshape it, I invite conflict in fine class, eifiner by introducing discrepant fineories myself or by

allowing children to argue ideas out. It is a measure of fine strengfin of fine children's valuing of

each ofine that finis cornflict does not disrupt fine community. I do finis rafiner fian explicifiy

telling fine children science. I do not do that because it seems a violafion of my ideas and goals

about fine development of a community in the class. On the ofiner hand, I am uncomfortable wifin

fine role of manipulafing fine children into acquiring knowledge finat I have already pinpointed.

This seems a violafion of my ideals about respecfing and valuing fine children. It makes me feel

like I am not a member of the community wifin fine children. I finink finis is at a fundarrnental level

the source of my discomfort wifin finese classes.

A description of the unit on the solar system.

In finis chapter I write about a unit I tauglnt in finird gade on fine solar system. This unit

developed because of the line of inquiry finat fine children and I evolved during an explorafion of

simple machines. We went from machines to fine solar system because of an experiment fiat we

had done from fine children's science textbook using inclined planes. In finis experiment finere was

a lot of confusion about why the weights of objects being pulled up inclined planes of different

slopes would differ. From finis we started talking about gravity-what is gravity, where does it

come frorrn, what are its effects. From gravity we moved to fine Moon and planets, fininking about
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gravity as we talked about fine mofions of fine planets intertwined with talking about fine planets

finemselves because that was what fine children wanted to do.

If I finink about content, finis unit had four stages. The first was its beginning, while we

were working wifin simple machines. That was when we started talking about gravity. In fine

second stage we started to talk about fine bodies of the solar systen but finis was so we could

understand gravity better and could then get back to machines. In fine finird stage I realized we

weren't getfing back to machines and let fine children take over choosing fine direcfion of fine

class's explorafions of fine solar system. I would call finis part of fine unit "developing a shared

body of knowledge and language and ways of talking about fine solar systen." It eables fine final

stage: the children's conversafions and sharings about the planets in fine finird stage rrake fine

conversafions about fine workings of fine solar system possible. In finese conversafions fine

children return to talking about gravity.

Talking about content, which is what actually happened in finese classes, obscures fine

emofional and intellectual groping finat shaped finis content. Wrifing about finis unit is wrifing

about curriculum construction. This construcfion was by nne and by fine children. As we

construct fine curriculum I arficulate my beliefs and values-finrough finis process I give shape to

what was ill defined, amorphous, part of a confinuum. The first and most important statement

that can be made about finese beliefs is finat finis construcfion/arficulafion occurs during teachirng

(Heidegger, 1962; Schwab, 1976). The beliefs arficulated are done so reacfively—in reacfion to fine

things that happened in class—as well as pro-acfivelyuin order to shape fine finings fiat will

happen. They are defined by context. What is done in class is not an illustration of pre-exisfing

values. What is done in class is finose values. I am saying finis strongly on purpose. Let rrne give

an example to explain why.

To say a teacher respects children has no meaning wifinout giving substance to fiat

respect; wifinout illustrafing how fine teacher acts on finat respect and fine children are able to act

wifinin finat respect. Giving substance to an amorphous statement like "I respect children"

involves instantaneous choices and acfions made emofionally as well as intellectually and which
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appear rafional and intellectually defensible retrospecfively because finey leave historical

arfifactsuthe content described in fine previous paragraph. Values and beliefs such as respect for

children are known finings finough, but finis knowing often isn't arficulated unfil suddenly fineir

embodiment appears before me.25 I am not saying finat finis knowing is without intellectual

qualifies-~it has finose but it also has infimately intertwined emofional and even sensual/aesfinefic

qualifies.

This is about "knowing" certain finingsua "knowing" finat enables acfing. Not "krnowing"

because fine finings known can be "arficulated"-stated-but rafine because finose finings develop an

arficulafion as finey are given substance througln what is done in class. The values and beliefs finat

I finink are being articulated concern how people should interact wifin each ofiner wifinin fine

context of science. The science is shaped by finis as much as fine interacfions are. In order to

enable each child to parficipate in fine inquiry, finis unit is about irnquiry itself-asking quesfions

(which is by arficulafing what you know as well as don't know) and working on answers (which

is finrough feeling and judging as well as fininking). The subject of fine inquiry is fine solar system.

That's fine vehicle. This is not a unit about learning facts about a parficular area of science

although it does contain some of fiat. It's about fininking in science which is somefining created

by people and finerefore has people in it. And science, which is a living, growing fining (to me

anyway), has people interacfing. This interacfion, between people and between people and

finings, is how it grows. I am not saying fiat fine way fine science is portrayed or fine way I want

fine children to interact reflects eifiner science or scienfists as I have experienced finem. I hold fine

value that all should parficipate first and I refinink and reshape fine science to make finis possible.

I do finis by looking for ways and places finat ofiner ways of fininking and knowing-emotional,

religious, aesfinefic--intersect wifin fine science.

The parficular conversafions that I have picked to talk about are places where fine

children and I illustrate various ways of knowing, fininking and interacfing, all of which are both

intellectual and otlnerwise, scienfific and ofinerwise. The conversafion between me and Timmy

 

25I am awakened to finis self knowledge (Habermas, 1991).
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and ]in about gravity and gravity boots is about fine relafionships between fineorizing,

quesfioning and fine phenomena. It's about how different explanafions work depending on your

purpose. It's also about fine relafionship between knowing, fininking and taking chances. The

conversafion between Ricardo and Yong Sun about whefiner or not the Moon and Sun will crash

into eacln ofiner is about fine same fining and also about people trying to understand each ofiner

rafiner than just asserfing fineir own ideas. The conversafion between Daniel and Yong Sun about

the word satellite is about meaning and understanding of words in context and in isolafion: Can

fundamental meanings be defined?26 The conversafion about fine orbits of fine planets about fine

Sun between [in and Joey is about portraying what you know, knowing with certainty but sfill

laving finis "knowing" being quesfioned and changed. They bofin portray fineir knowing as

"certain" because finey are attempting to communicate fineir ideas to one anofiner. But because

finey are attempfing to communicate, which also means to hear and understand what anofiner is

saying, each child's "certainty" is infused with inherent yet unstated uncertainty. Because finey

are talking to one another, a statement of knowing becomes a statement of not-knowing

(Heidegger, 1962; Wittgenstein, 1969; Haberrras, 1991).

The reason finese conversafions portray science in finis manner is because I, fine teacher in

finis class, choose to portray science finis way. I acfively shape finis class to conform to values and

beliefs I already have about science, about children and about how I finink people should interact.

I also shape these classes as finose values and beliefs take on substance finrougln fine concrete

realifies of what is actually happening, fine quesfions and observafions we have about fine science,

fine ideas and qualifies fine children arficulate, fine emofional as well as intellectual ways finey

interact wifin each ofiner and with me.

 

26Can meaning be divorced from use and context (Wittgenstein, 1968)?
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What do you measure when you weigh something? Findingfundamental quetions.

February 27fin

I started this ”unit” in finird grade” on machines at fine end of January. Up unfil fine

class before fine following class we had just been exploring fine terrain of simple machines and

definifions of fine word nachine. In the class before finis story starts we did an experiment in fine

book about inclined planes.

On February 27 I started class wifin a return to a discussion we were having previously

about an experiment that they had done in fineir science textbooks in which a weiglnt attached to a

spring scale is pulled up a short inclined plane and a long inclined plane. The height each plane

is raised to is kept constant as is fine object weight being pulled but because fine lengfin of fine

board varies, the steepness of fine slope changes. This means finat the effecfive weiglnt beirng

pulled changes-fine shallower slope gives fine lowest weight, the greatest weight is from pulling

straight up. This change in apparent weight is a measure of fine work being done to lift fine

weightumore work for more weiglnt or, conversely, fine efficiency of fine machine at helping

decrease the work finat you are doing. Of course all of this neglects fricfional pull on fine fining

being dragged.

This expeiment is, I finink, pretty confusing because of the use of fine two different

boards-it’s not obvious finat what you lave done when you change boards is change fine slope--

rafiner children say finat they’ve clanged fine length fiat finey drag fine weight along. Also

embedded in making sense of finis experiment is understanding what you are actually measuring

when you measure the weight of somefininguwhere finat weight comes from. Weight (of

somefining moving at fine same relafive speed to its surroundings) is derived from the interacfion

of fine object's mass and gravity and gravity is also a funcfion of nass. So fine object itself has its

own gravitafional field too. Gravity is a measure of an attracfive interacfion between two bodies

 

27See Appendix I for a descripfion of fine school and classroom setfing in which finis unit occurs.

See Appendix H for a discussion of children's pseudonyms.
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determined by mass if fine bodies are stafionary wifin respect to each ofiner. At least finat’s fine way

that I finink about it (I finink about fine relationships F=MA and F=G(M1M2/r2) in which F is

force, M is mass, A is accelerafion, G is fine gravitafional constant and r is fine distance separafing

the two bodies, and finink about fine way finose fit togefiner in pictures I construct in my head. I do

finink about how space around a body is warped by a gravitafional field and how objects wifin less

mass fall down fine contour lines of finat warped field as analogous to a glass of milk spilling in

my bed—finese finree images/finings fundamentally shape the science for fine next monfin.

It occurs to me here fiat I should say somefining about my background in fininking about

the science finat is about to come up in finis story. As a child I was absolutely fascinated by

astronomy. I read anyfining I could get my hands on in finis subject. Prinarily fine sort of

”popular” science books written by Isaac Azimov or George Gamow. I think in finis I had a lot in

common with some of fine little boys in finis class, parficularly Yong Sun. In college I confinued to

take a number of classes in astronomy. My very favorite class in college was in astrophysics.

Astrophysics was fine place were classical physics finally started to make sense to me I finink

prirrarily because in fiat class finere was an assumed understanding of differenfial equafions and

because of fine kinds of understandirngs mechanics were used to construct. For example, it never

trade sense to me to finink of accelerafion as velocity divided by fime but it does make sense to

me to finink of it as fine change of velocity over fime. Then constant accelerafion becomes a special

case. And finis made sense to me because I could think about it in terms of orbits of planets or

more accurately I could deconstruct what I knew about fine orbitals of planets and come up wifin

equafions from mechanics and suddenly I could see how finey worked. I really liked finis feeling.

When I went on to teach, as well as teaching in my field, in crystallography and opfics, I

tauglnt a course on Earth Science which was a ”service course." It was a full-year course,

extremely highly enrolled and it was fine major way our department funded itself so everybody

taught it. It was roughly divided into a half-year of geology and a half-year of atmospheric

science and astronomy. I always tauglnt the atmospheres and astronomy half.
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Anyway at fine end of fine last, finird-grade class I had asked which experiment was

easiest and most people said that pulling straight up was easiest because experimentally it was

fine simplest. We started wifin a recap of finat. Alfinough most children finouglnt fiat pulling fine

weights straiglnt up was easiest, Selamawit thought the short board was easier because fine

distance pulled was shortest and Yong Sun finought fine long board was easiest because it

required fine least amount of work. He knew finis because fine numbers for finis experiment were

fine smallest. The trick here is what fine numbers mean. I ask Hamal finis. He replied: "It means

whatever you weigh, fine number, it means finat's how much it weighs."

I ask John and Daniel what finey finink. All agree wifin Hamal fiat fine number signifies

the weight of fine object lifted so I ask: ”Do you actually finink, I mean finose numbers finougln are

different, when you did it on the long board you got a different number from fine short board and

when you lifted it, do you actually finink it changed how much it weighed?” This to me is fine key

quesfion to seeing how finey are making sense of fine experiment and also leading finem on to try

to work on making sense of what they have done. It’s my confrontafion of what I suspect is a

place where finey have stopped having it make sense. Where finey are eifiner being passive or

trusfing or are invoking tragic. The children answer my quesfions wifin bofin yeses and nos.

Yong Sun yells out ”Always weighs the same!” I choose though to call on Joey to comment on

finis rafiner than recognizing Yong Sun and finen quiz Joey to push the class on finis. So I chose to

ask Joey to speak for two reasons: I am checking out Joey who I would like to bring out in class

more and who I finink knows a lot. I also don’t want Yong Sun to talk yet-Yong Sun is

recognized as knowing a lot and I want to hear more of what everyone is fininking before I focus

fine argument. That is how I use Yong Sun: to focus or redirect an argument. To excuse my not

recognizing Yong Sun, I remind fine class about fine hands up rule. (This is a convenience, finis

rule, finat I use as a controller in many ways involving social stuff and content and personal

relafionships wifin fine different children. It's a rarity fiat I cite it for Yong Sun.) Then I call on

Joey. He says finat it always weighs fine same but I push: "So why are fine numbers different?"
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Joey: Because when you have to pull them up different heights, 'cause when you lift it, it

goes all the way down [the pointer on the spring scale], as much as it weighs, but if you pull

it up somefining, it won't say as much as it weighs.

Teacher: So if you pull it up different heights it weighs more or less?

Joey: Um . . . less.

Teacher: But it actually doesn't weigh more or less it stays the same weight ?

Joey: Um hum . . .

Teacher: Why does it seem to weigln different?

Joey: Because you're not pulling it up fine same fining every fime.

Teacher: Oh so it has somefining to do with what you're pulling it up . . .

Joey: Yeah.

Teacher: What do you finink Krisfin?

Krisfin: I disagree. I think it's different, 'cause I can prove it . . .

Krisfin points to the numbers fiat her group has recorded on fine chart. For one

experiment they are very different; her group measured 150 grams and when she did it alone she

measured 250 grams. I had watched finis group do fine experiments quite closely because Krisfin

presents a social problem in fine class and in parficular in her group—Krisfin wants to be "in

charge” and her group won’t let her. Anyway finey got very different numbers because finey

measured differenfiy. This is obviously a valid issue in scienfific experimentafion. I let Krisfin

explain what the group had done and then I asked for comments. Ricardo responds fiat he

knows fiat fine object keeps fine same weight and the apparent weight change in finis case is ”a

rrnistake." I table finis (we return to it at various times later because it is important: knowing

whefiner or not to finink about or reject an unexpected or out-of—fine-orAminary answer is really

important in experimental science) and redirect fine conversafion back to comparing fine numbers

between experiments.

Teacher: 50 the difference . . . when you weighed it on fine long board it weighed 70

grams and on fine short board it weiglned 110 grams and when you lifted it straight up it

weighed 160 grams and finat was just because you trade mistakes?

Ricardo: Uh no, 'cause like wifin fine first fime we got three ounces but it was really

supposed to be 2 and a half ounces.
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Teacher: That was a rrnistake. But what about fine difference between on fine long board

you got finree ounces and on fine short board, I can't see, you got four ounces and liffing

you got five and a half or six ounces. What about fine differences between the different

experiments?

Ricardo: Oh 'cause one takes fine most force and one takes fine middle and one takes fine

least force. So . . .

Teacher: So fine numbers aren't just weight, finey are also a measure of the force? Do fine

numbers have somefining to do wifin fine force?

Ricardo: Yeah.

Now suddenly we have here introduced an IMPORTANT word but whenever finis

happens I know finat it’s also a magic word and suddenly I get all stressed out trying to keep fine

conversafion centered on examining that word in this context. It's like when Bullwinkle pulls a

rabbit out of his hat and it's a lion. In some senses he’s pulled off fine trick but it's starfing to go

completely out of control. I feel like finis conversafion which is flowing and has it's own rhythm

and which I am shaping by following, suddenly I have to stop fine waves, hold it in one place.

But not really because we would work on what fine word "force" means as it is applied by fine

childrenufine class would sfill moving and evolving. So finere is finis tension . . . And in some

senses ”force” is a truly magic word. What does it signify anyway? It is a word we invoke to

silence quesfions. A rabbit irn a hat that makes relafionships between ofiner real data,

measurements, observafions work. Forces aren't things we can talk about directly. We can only

talk around finem.

Rafiner finen going wifin fine flow and letfing Ricardo keep on talking, I call on Joey for

comments. Joey is of course in a different place: ”Um it can't change its weight because it's not a

fining finat's living” which is a wonderful statement fiat normally I would draw out, but no we’ve

got to talk about force now. I recapitulate fine quesfion/answer dialogue. ”What do you finink

about what Ricardo said about why fine numbers are changing?” But I get no real response. I try

Mwajuma. She responds finat fine object pulled did weigh differently on fine two boards but not

because it really was a different weight but because ” . . . you pull it more [on fine short board]

and [on the long board] you don't pull it so much.” The key phrases irn finis statement are around
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pulling the object and around differences in magnitude of pullirng That is a definifion of force but

rafiner finan relafing finis to fine change in slope of fine two boards, Mwajurra connects it to fine

lengfin of fine boards and again Hamal restates finis: ”When you pull it on fine long board you pull

it longer and when you pull it on fine short board, um, you pull it um, in not that much finne and

when you lift it, all you do is lift it up.”

I stop the conversafion at that point and have finem redo fine experiment just using fine

long board and dragging fine weights up a slope constructed wifin different numbers of books (6,

3, 0—pull along fine flat board) and also lift them straiglnt up. Between finis experiment and fine

class having a conversafion about fine results a week passed. This happened because Sylvia

Rundquist, the classroom teacher, wanted to have fine children read in fineir textbooks about

simple rrachines and also she took one class period wifin finem to talk about wheels. In fine

middle of this class on wheels I started to finirnk about how hinges are so similar to wheels finat I

didn’t understand how finey were different. After class I tried to tell Sylvia about finis and said

that I finought the difference was around fine perspecfive you took on what was moving relafive

to what was stafionary. After talking about finis for a while I went home and had finis insight

about how bofin wheels and hinges were reducible to inclined planes. That’s why finey seemed so

similar to me. Then I started fininking about fine ofiner simple rraclnines as reducible to inclined

planes. This was getfing me very excited because all finose vector diagrams I used to just

memorize were starfing to seem like they might make sense. I had always finought of each of the

simple machines as unconnected before finis. This seemed to me what I really wanted to do wifin

fine kids in class-explore finis idea.

So finally in class we come back to talking about finis second inclined plane experiment a

full week later on March 10th. I start by reviewing fine problem wifin fine children and then

having finem take a couple minutes to discuss fineir results in fineir groups and finen start fine

conversafion. Dembe is the first to present her goup’s numbers: ”We got one hundred grams

and 3 and 1/2 ounces, oh, we got 110 grams or4 ounces with six books and 3 books we got 80

and we noficed finat each fime we used less books we got less ounces or granns and so it doesn't
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weigh as much . . . Liffing it weighed more because you have to pick it up and liffing it you

used energy and fine weiglnts are very heavy . . . because when you're using a board you can just

lift it up on fine board and you can lay it on finere instead of having to pick it up yourself.”

Ricardo, finough, confinues to argue that it's easier to pick fine weights straight up. "I finink liffing

is sfill easier 'cause all you have to do is wrap a spring scale round the filings, put it on and finen

lift it."

Timmy clearly disagees and starts a discussion wifin Ricardo. I rerrnind finem again about

fine hands up rule~finis lappens a lot in finis class and is a measure of fine level of anirrafion of fine

discussion going on-«and then call on Krisfin. She says fiat she agrees wifin Ricardo, finat it’s

easiest just to lift fine object rafiner finan drag it up any of fine inclined planes. But when I ask her

for her reasons she is back to talking about the experimental condifions not fine actual results of

fine experiment itself. So again I ask: "But how come if it's easiest it weighs fine most?” Krisfin

starts to answer but Dembe cuts her off: "It uses rrnore energy!” [Anofiner rragic word!]

Teacher: It uses more energy to lift it?

Dembe: Yeah because like for example on fine board you can just slide it instead of having

to lift it.

Timmy: Yeah but . . .

Teacher: Hands up . . . Timmy?

Timmy: Yeah but you have to get all fine stuff ready with finat after you've done fine rest

you just pick it up . . . now you don't have to lay anyandown you just do it!

Dembe: She's not talking about finat she's talking about how come it weighs more when

you lift it

Timmy: Because because you're just poinfing it down you're just poinfing it down, finat's

all you're doing.

Timmy gets very excited when he talks in science class. He also gets all tongue fied wifin

his ideas. He does a lot of fininking out loudnhe seems to come to class wifin quite a good store of

outside knowledge on fine various topics finat we talk about but not to have finouglnt about finem

in fine ways finat I like to try to encourage in fine class whee connecfions between ideas and

between ideas and observafions are important. I put quite a lot of pressure on him in rrany
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classes to work to reconstruct his knowledge and understandings to enlarge fineir applicability

and fine cornnecfions between fine finings finat he knows. I do finis for two reasons prirrarily. He

does do his fininking out loud so finat ofiner kids can parficipate in it and he does finis quite

happily. He seems to enjoy it when I push and pull on him and his fininking and to enjoy it when

fine other children join in. I don’t mean to imply finat he is playing a game wifin fine discourse and

fine content in the class because fiat would be far from fine trufin. He is very passionate about his

ideas but he seems to enjoy fine sfimulus of fine class’s discussions and challenges. I feel finat my

relafionship with him is quite special. We like each other a lot. One fining finat is interesfing

finough is finat while I really value his chance taking and mistake making in the class, Sylvia

listening to fine conversafions in fine class and labels his ideas ”rrnisconcepfions,” I respond to her

that I finink fiat finose are finings finat are constructed irn fine class finrough fine discourse that

Timmy and I engage in in fine class. I think finis is interesfing because it illustrates fine subfiety of

what it means to parficipate in fine loops of logic the children are arficulafing. I am detailing finis

right now because of Trmmy’s big role in fine next few classes.

I should also probably say some finings about Yong Sun because in finis parficular class he

says some very surprising (to me anyway) finings. Yong Sun does a great deal of reading and

talking about science outside of class. He and a nurrnber of other little Korean boys apparenfiy

(finis is what he has told me) get togefiner after school and read books on science. He seems to

know a lot about chemistry-atoms and that kind of stuff, planets and astronomy but with big

holes. For example he seemed to know about stellar evolufion but not what fine Sun was made

up of or how it generated heat and light. Those concepts are rather infimately fied. I normally

count on using him in class discussions to feed in bits of scienfific irnforrnafion when I need finem

to goose a conversafion along. In finis class he plays a role much more similar to Timmy’s usual

role-he takes a stance which is only parfially okay and I generate a discussion which challenges

it. He however responds in ways very different from Timmy. He is clearly accustomed to being

”right” in science.

Teacher: Because what,Timmy? I didn't understand finat.
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Timmy: You're just bringing it down, like bringing the spring down. It‘s not sideways [he

indicate movement along the board with his hands], it's not like finis, it's just going straight

down . . . [He is talking about the spring in the spring scale and the pointer also; a part of the

scale which indicate the weight. This is thefirst hint ofa connection to the concept ofgravity. 1

had planned class discussion to include this]

Teacher: 50 finen you could just pull it up fine board, if it weighs less you can pull it easier

Timmy: No gavity pulls it down and it will weigh more.

Teacher: Yong Sun?

Yong Sun: I finink Timofiny's confused 'cause gravity doesn't pull it down, fine weights

pull it down.

Jin: Plus gravity!

Teacher: What did you say Yong Sun, say finat again?

Yong Sun: Gravity does not pull it down, fine weiglnts pull it down.

Timmy: Yeah but plus it, plus gavity does, and finose aren't weights . . . [They’re washers

in plastic bags]

Yong Sun: Gravity makes you fall or somefining like that. Gravity, it doesn't pull finings

down . . . [Children start yelling: ”Ye it doe, ye it does. ”] Look! Is gravity pulling finis

down? [pen in hand]

Timmy yells out: ”You're holding it!” and ofiners chime irn: ”Yeah! Yeah!” Dembe and

Timmy make fine connecfion back to the experiment and claim that it’s fine scale fiat’s holding fine

weight and gravity is pulling it down against fine scale. Everyone confinues to yell at Yong Sun

until Jin says: ”If finere isn't any gravity finen if you drop it, it will just go in fine air.” Everyone

ages but Yong Sun: ”We're not talking about gravity, we're talking about how much it weighs.”

Jin counters: ”But if there's no gravity when you lift it . . . then it will weigh less!" Yong Sun at

finis point starts to get offended. So I interrupt and ask: ”So why does it weigh anyfining? Why

does it . . . what are you measuring when you weigh it?"

Yong Sun: You're measuring how much it weighs and how much force it uses.

Teacher: How much force it uses to do what?

Yong Sun: Like if you pull somefining finat's heavy finen it just will use rrnore energy and

that's using more force.
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Of course what Yong Sun just said is a descripfion of gravity, he just isn’t connecfing his

”force” wifin fine force of gravity. I suspect finis happens because of fine way books talk of gravity

as if it were anofiner property of an object, as if it were a "fining." I could have chosen at finis point

to work wifin Yong Sun to make that connecfion, instead I chose to return to Timmy. I did finis

because both children are saying correct finings and both of finem need to connect what they are

saying togefiner. I need to keep finem engaged with each other and also work to have fineir ideas

converge. It is important for me finat members of fine class work togefiner on making sense of finis

topic. This means using children who have interesfing things to say to sfimulate ofiners. In finis

process holes in fineir fininking are often exposed and fine "working togefiner" becomes

increasingly genuine.28 I ask Timmy what he fininks now and he responds fiat he sfill fininks fiat

gravity has somefining to do wifin it, that” . . . gravity is helping it to stay on the floor, it's not just

the weight fiat is on it.” Then fine class starts talking about how if finere were no gravity fine desk

would float. I turn finis to a discussion of whether or not finis would mean finat it would have no

weight. This is an important conceptuto differenfiate between weight and mass. I finink fine root

of fine confusion in finis part of the conversafion is finat fine children are unwilling to say fiat

somefining that exists, fiat is and remains an object, has no weight because finey have not learned

to differenfiate weight from mass.

Timmy: Yeah, no I'm not saying finat it wouldn't weigh anyfining I'm just saying finat

gravity’s helping it to stay on fine ground, it's when it's hanging down, it's heading

toward finat way so . . . just like when you drop somefining, like when you drop it, fine

gravity's pulling it down, you don't feel it pull it down but it’s pulling it down, if finere

were no gavity when I dropped it, it would stay right up.

Now Alice makes an interesfing comment. She says that: ” . . . you know how Dembe is

standing up? That's gravity finat‘s helping her stand up.” This seems to rrne to be similar to fine

observafions about how a person can hold an object up despite fine force of gravity, fiat finere is a

balance between fine things finat we can do—moving, standing, picking finings up—fine force of

 

28It also nakes paramount my role in anficipafing who might be able to nake those sorts of

contribufions as well as in knowing when to invite those contribufions. How I do finis I would

describe as a process of "nibbling" as well as developing a depth of knowledge about each

child. The two are linked though.



1 7 1

gravity and properfies of ourselves, fine ways finat we are constructed. This gets picked up and

amplified when Dembe and finen Amina start talking about gravity as a tug-of-war and will again

be returned to (by Alice) in a subsequent class in which she asks ”how can birds fly?” I ask:

”How is gravity helping he stand up, I finought gravity would pull her down?”

Alice: Well I mean help her stay on fine ground because if she wasn't on fine ground finen

she would be floafing up in fine air somewhere.

Amina: I have a comment for Yong Sun, Dembe and Jin . . . Jin and Timothy. I agree

wifin them and I have somefining . . . I agee wifin them because if I jumped up, I would

be up in space, I would be up and floafing, I would be, well actually, your cup would be

floafing fine book would be floafing, everyfining would be floafing and we would be like

doing our studies up finere and Krisfin would be drawing . . . .

Timmy: She'd be drawing upside down!

Amina: And finere'd be no way for us to stay on fine ground we'd have to have something

hold us like a rope or somefinirng.

Teacher: 50 are you saying that if finere were no gravity fiat finings wouldn't weigh

anything?

Amina: They would just be floafing up in fine air.

Ricardo: They'd be floating . . .

Amina: I don't understand what you're meaning, Yong Sun, I mean if you if I just hold a

book, you’re holding fine book, you’re holding it, but if I don't, if you just drop it . . . your

book, it just . . .

Yong Sun: Wait a minute, wait a minute, are you saying that wifinout gravity finis doesn't

weigh anything?

Timmy says finat yes finis is true in space, finings don't weight anything. There is no gravity and

they weigh nofining. He read finis in Florida at fine Kennedy Space Center. Ofiners finougln finink

they will sfill weigh somefining, it just nniglnt be less.

I summarize: ”Okay it seems to me Yong Sun is saying fiat if finere was no gravity, finings

would sfill weigh somefining? Is finat right Yong Sun? And other people are saying fiat if finere

were no gravity finings wouldn't weigh anyfining like Derrnbe's building. Is fiat true are people

saying finat?” The children yell bofin yeses and nos. I call on Dembe who has very pafienfiy had

her land up finrough all fine yelling. Dembe states finat she agrees wifin Timofiny and Yong Sun.

Krisfin turns in surprise and asks her why.
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Dembe: Because gravity is part of finis because you know when we're lifting finis it [the

weights on the spring scale], it's pulling it down and also because if you're holding it, fine

gravity won't be pulling it down fiat much because it's sfill going up but gravity is sfill

pulling it. It's like um, tug-of-war? When you're pulling it and the gavity is pulling it . .

Teacher: You're using force against it?

Dembe: Yeah!

Amina: You can't do that, you can't have a tug-of-war wifin gravity.

Teacher: Why do you say finat?

Amirna: Well if there's a rope and finere's one side, well finere's just one person against

gravity . . . fine person would win . . . so finat you can make finings go down, you can

nake things go up, like hold it, finat makes it go up I mean but if you let go, it will fall but

gravity just lets finings go down, it doesn't let finings float, all it does is make finings go

down, all it does is let finings go down and it can't move the rope unless you finrow it up

in fine air.

Teacher: So are you saying that if you hold somefining up irn your hands gravity is no

longer working?

Yong Sun: Yeah it's working.

Teacher: Dembe, why did you say tug-of-war?

Dembe replies: ”Because tug-of-war is like you’re, if you have a rope and one person is

pulling it, okay, for example, one person is pulling on my right hand and fine ofiner person is

pulling my left hand and of course Krisfin would win because gravity is pulling it down but she's

pulling it up and she's a lot stronger finan me . . . ” At finis point Dembe and I have to sfifle sonne

interrupfions. I remind everyone finat they need to put their hands up to talk and finen finally

Dembe confinues: "I mean finat, I'm not even done Timofiny, I mean finat like gavity if you're

pulling . . . okay for example you have Joey's shoe and finen somebody is pulling it but gravity is

pulling it down and you're pulling it up and you would win of course.” Suddenly I felt that I had

had enough-J finink fine idea of gravity as a piece of a tug-of-war is extrerrnely important but finere

are too many other finings going on. I also don't like it when fine children just seem to be arguing

rather finan arguing ideas. Ofiner children are not a part of finis. I want fine whole of fine class

focused before we confinue wifin a central idea to the concept of gravity. When Timmy started to

respond (”Then why'd you just say . . . ”) I stop him (”Hands up!!”) and change fine subject:
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”Krisfin are you ready? [Kristin has been drawing a picture on the board that she wants to use to

preent an idea to the class] Can you show us what you drew?

2
Krisfin: Well see on the Moon here, a nan can walk and he can jump up and down but on

the Moon finere's no gravity so if he went to the bottom of fine Moon and just stood finere

he wouldn't fall because finere he could just . . . he would not fall because finere is no

gravity and gavity nakes you fall.

Timmy: No, gravity makes you stand!

Teacher: Hand up Timofiny . . .

Krisfin: Okay Timofiny! Okay here here's some chalk, okay, now finis is fine Moon but it

goes back onto fine Earfin and it's got gravity now watch . . .

Jin: It's still on the Earfin.

Krisfin: It makes finings fall, gravity makes finings fall.

Krisfin has been a delicate problem in science class since we started fine unit on machines.

She has reached the ”social” level finat I sometimes see in finird graders where all discussions take

on personal overtones. I am uncomfortable wifin finis facet of children. I am very aware of

children’s abilifies to exclude and wound each other. I am not vey good at handling it. In fine

first part of fine machine discussions Krisfin turned out to be very knowledgeable-more so fian

Timmy or Yong Sun. This was I finink due to her spending weekends working wifin her fafiner in

a garage rebuilding cars. She also seemed to possess a better intuifive grasp of how maclnines

worked finan fine ofiners. I spent a lot of firrne in finose classes reaffirming her knowledge and

encouraging her to share it with us in class. I rrade sure fiat she had enough room to speak

whole finoughts wifinout interrupfion and finen often I would organize ensuing discussion so that

people were talking in response to what Krisfin had just explained to us. I made sure finat fine
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(apparent) antagonisms between Krisfin and sorrne of fine litfie boys like Jin and Timmy were

suppressed. I wanted Krisfin to have a chance to exercise a krnowledgeable voice in my science

class—often finis was difficult because Timmy, Jin or Yong Sun would just assume finat finey krnew

more. Things are different in finese classes on gravity and the planets. The children argue unfil I

stop fine class and have finem write in fineir notebooks what finey finink gravity is.

At finis point I felt like finere was a huge amount of stnrff out on fine table, all of which we

needed to deal wifin in order to make sense of fine experiment. There were so many ideas in fine

air because each child was in a different place, coming from a different perspecfive or source of

knowledge and experience. I wanted to center fine argument on gravity and to do finis I took it

back to fine abstractnto a definifion. I chose to do finis because I wanted a common point to end

class on. I wanted to have everyone cognizant finis was what we were talking about. I needed

fime to finink about the children’s different examples of gravity and finink of an example of my

own that would catch somefinirng ”common” to each of their's. In finis way finey could finink

through fineir own ideas wifinin finis one, common idea and I would have children fininking

convergenfiy as well as divergenfiy. So I felt I needed to finink through fineir ideas and fineir

abstract definifions in conjuncfion to do finis. I also finink finis is a valid approach to science-as a

conjuncfion of abstract ideas and concrete, personal, experience-based sense-making. I started

the next class (on March 12th) with finis.

In rrany ways fine nature of fine explorafions irn finis unit are different from finose

described in fine previous chapters. We started out unfocussed—our explorafions were about

simple machines. This was similar to fine work with sound and music. This, however, became

focussed as we tried to make sense of how a machine worked. This is very different from my

usual teaching--finee is a parficular goal here which I am maintaining. I am shaping and

manipulafing fine conversafion in service of finis goal-first to understand fine nachine and finen to

understand gravity. For finis reason fine conversafions fine children parficipate in are qualitafively

different. Rafiner than sharing ideas which listeners try to understand and only secondarily

crifique, the children have been engaging irn argument with each ofiner in which finey are making
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claims and attempfing to convince ofiners of fineir validity. I am fostering finis, in fine subsequent

classes I even introduce conflicts in logic to further finis process. It is, finough, problemafic to me—-

finis sort of argument is a part of fine acfivifies of a discourse community in fine sense of Foucault

and I am uncomfortable wifin fine sorts of inter-personal relafionships constructed in such a

community. For example, Krisfin or Amina—-I will not allow finem to be silenced by more

convenfional scienfific fininkers. I believe in fine validity of fineir ways of fininking and irn fineir

riglnt to bofin speak and be heard respectfully. It is stressful for me to be playing finese mulfiple

and conflicfing roles—of scienfific expert (in shaping fine conversafion so that it stays focussed on

first machines and finen gravity), of being so controlling of fine class, of being respectful of ofiners

ideas, beliefs, feelings, desires.

What is gravity? Our goals and objective evolve

I start the next class by asking the kids to open fineir notebooks to the page where finey

had written about gravity. ”Would somebody like to read what finey wrote about gravity?

Karen?” Karen reads: ”Gravity is a force finat tends to pull somefining . . . [I start to write her

definition on the board] . . . Gravity is a force that intends to pull somefining down finat has gotten

off the surface.” Next I add Ricardo’s: ”Oh, somefining that keeps you down.” Then Alice’s: ” . .

. it's a force, it's somefining fiat holds finings down.” I finish wrifing and read fine finree

definifions emphasizing the verbs: ”Holds things down . . . keeps finings down, pulls things down

. . . . Anybody have anyfining different fian that? Amina?” Annina responds not wifin a definifion

but finat she disagrees wifin Kristin’s argument from last fime. I stop her for fine fime being

because I want more definifions. In parficular I am looking for one finat connects the idea of

gravity to the Earth. I have decided finat today we are going to play more wifin fine difference of

weight and weightlessness and environments where finis occurs. So I ask Jin if he has anyfining

different from what is on fine board. He adds: ”Gravity makes you sfick to something.” And

Mwajuma asks him to explain.
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Jin: . . . if we jump up it sfill makes us come down!

Teacher: Why's fiat..you just said it makes you go down, I don't understand how finat's

"sfick to somefining . . . "

Jin: I mean it nakes you sfick to fine ground.

Timmy: I know what he means.

Teacher: Mwajurra?

Mwajurra: You don't really sfick to fine ground . . .

Jin: I know, it's like it's sfick to it.

Ricardo: Then it would stay on fine ground!

Jin: T'l'at's what I mean. I found it in fine glossary . . .

We go to their textbooks. This almost immediately becomes different kids looking up

different things. We had started finis pattern of textbook use when we were exploring plants.

One of fine finings I did when we first started to use fine science books was to teach them how to

use the index because I regard fine textbooks primarily as references. Anyway I find finat letting

kids chase after finings in fineir texts using fine index is a useful irnifiator of bracketed wanderings.

I found finis very useful in discussions—different people would find different finings and finen we

would share and discuss finem all with a common referent.

Finally I call fine class togefiner to listen to Jin read fine defirnifion of gravity given in fine

book: "The force of one object pulling on anofiner object, gravity pulls finings toward fine Earfin."

(Wrong, I finink, gavity is fine pull. The measure of gravity is how much fine object is being

pulled, fine degree of pull.) I start asking different children what finey finouglnt fiat def'rrnifion

meant. I start wifin Amina.

Annina: Urn, that means finat, well I don't understand fine first part, fine force of one object

pulling on anofiner object . . . um, um, OH one object is pulling on anofiner object, this is

an object [she holds up a pen], so if I jump off wifin fine pen gravity pulls bofin finings down

at one fime.

Teacher: Is fine pen pulling on anyfining?

Amina: No. The pen can't be pulling on anyfining 'cause it's not living.

Teacher: When you jump up in fine air wifin the pen in your hand what's pulling on you?
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Arrnina: Gravity, gravity it's not like sonnefinirng, it's white like air, you can't see it, it's like

clear.

Teacher: But fine definifion says finat gravity is a force, from one object pulling on

anofiner? The force of one object pulling on anofiner object . . . oh if gravity is pulling you

down it must be pulling you, somefining is pulling you . . .

Arrnina: I'm jumping and finen gravity is pulling me down, like finis. I can't fly like a bird,

but I don't know why gravity can't pull a b . . . well gravity can't pull down a bird

because it has wings.

We're going too fast; again there seems to be just too many ideas out and in parficular fine

children are using the idea of gravity to explain different phenomena rather finen focusing on

talking about what gravity is--I sfill want more talk about finat. I move back a step: "Where is

gavity coming from?" Timmy answers: "Gravity is coming from down in fine Earfin." I repeat

his answer and he adds that gravity can also be on all fine different sides of fine Earfin. So I ask

him if the Earth is also pulling on him. He replies: "No, gravity's from fine middle of fine Earfin." I

ask him if finis means gravity's pulling on him and he agrees.

Jin: I finink gravity pulls birds down cause, well 'cause when finey're flying and finey're

trying to pull it down and then finey're sfill flying and it nakes finem more fired and it

makes finem have to go down.

Teacher: They're working pretty hard to stay in fine air, is finat what you're saying and

finen they get really fired and finey have to come down?

Jin: Um hum, yeah 'cause if finere wasn't gravity finen they could fly like for over an hour

in fine air wifin out stopping.

Sook Chin and John bofin finink gravity comes from fine Earfin. Krisfin wants to return to Jin's

staterrnent about birds. "I have a comment for Jin, um, Jin if finere was no gravity wouldn't people,

flowes, finings be flying up in fine air?"

Jin: Uh uh, not trucks!

Krisfin: Uh huh!

Jin: No because it's like, people going to the Moon finen there's no gravity but they're

wearing very heavy boots so finey won't fly 'cause it's very heavy.

Krisfin: They can't wear very heavy boots 'cause then finey couldn't walk.

Jin: They could 'cause finere's no gravity.

Krisfin: Then I'm saying finey could fly!
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Jin: If they don't wear heavy boots finey can!

Krisfin: So you're . . . finey can't walk!

They start to argue seriously so I interfere: "I don't understand, what's the point of what

you're arguing about?" Krisfin responds (wifin Jin breaking in repeatedly): "Well I finink finat

anyfining could fly up in fine air if finere was no gravity . . . [Jin interrupts] . . . and um, but Jin

said, "but not a truck" because um, because it's too heavy because um, fine gravity . . . [Jin

interrupts again. I ask, thinking about the talk ofbirds, ifshe meansfly orfloat. She answersfloat] . . .

and um, fine people on fine Moon finey wear boots fiat just nake finem, finey don't quite fly but

they jump up really high but finey do come down." Jin really doesn't like finis. He says again:

"No finey wear really heavy boots finat rrake finem stay on the ground if finey don't wear finose

boots like um, I finink if you're on fine Moon finen I finink finings weigh six fimes less, I'm not sure

but it was much less so, so if like, if you have, if we were running right now and we were on fine

Moon finen we would be floafing because our shoes are not heavy enough!"

Teacher: Is there gravity on fine Moon?

Jin: No.

Teacher: There's no gravity on fine Moon? But you do have a weight on fine Moon?

Jin: Yeah 'cause if you have boots or like heavy boots like six pounds or sonnefining really

heavy, well not six pounds but like really heavy, finen, finen you'll stay on fine ground and

but you can sfill hop really high you can sfill jump really far and high fine boots just nake

you stay on fine ground.

Krisfin: How?

Teacher: How do finey make you stay on fine ground if finere's no gravity?

Jin: 'cause they're heavy.

Teacher: But if finere's no gravity what difference does it make how heavy finey are? If

finere's no gravity doesn't everyfining just float?

Jin: No.

Timmy: No!

Teacher: Gravity's fine fining finat makes finings sfick togefiner . . .

Yong Sun: But there's a . . .
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Jin: Then if there's no gravity on fine Moon, finen fine finings on fine Moon would go up . . .

Teacher: So why would heavy boots make any difference?

Jin: They'd nake you stay on the ground.

Teacher: But finere's no weiglnt, I mean finee's no gravity, finey're not going to help.

Jin: Some boots make you stay on fine ground . . .

Teacher: But you said finere's no gravity.

Jin: I know finat's why they made gravity boots!

Teacher: You mean fine boots have their own gravity?

Timmy: Yeah finey give it out, finat's what I just told him, finey're gravity boots!

Jin: That's what I'm trying to say.

Timmy confinues, his enfinusiasm mounfing: "The gavity boots can make you sfick on

fine ground where finere's no gravity, That's why finey have finem but finey have to jump or else it's

too hard just to walk in fine gravity boots but if finey jump finey can't float away fine gravity will

bring them back down but they'll jump!" The children in fine room are very interested. The room

is full of huge round eyes. I can hear wheels turning. Now I ask Yong Sun what he's fininking.

Yong Sun, though, is also fininking real hard: "I don't know if finey actually can, if they can jump

real high, higher than we can . . . finen how can they sfick to fine gound?" Timmy, Jin and

Amina start arguing about how high they could jump on the Moon. I stop finis wifin a summary--

I want us to talk about what I finink are fine main points rafiner finan fine repercussions of finis

theory. "So Jin and Timmy are saying finat on fine Moon finere's no gravity so people would float

away except they wear finese gravity boots finat make finem sfick to fine moon's surface and then

they can jump up in fine air and finen finey come back down and it’s all . . . finey corrne back down

because finey're wearing gravity boots. Is finat correct, is finat what you're saying?" Timmy says

yes. Joey, who I finink of as a conservative, careful fininker (finat’s why I call on him here) also

agrees wifin fine fineory. He does so finougln by applying it elsewhee; to irrages he has of men in

space ships who don't seem to have control over themselves like astronauts on fine Moon do.

Timmy adds: "They have somefining that they put on each fining fiat finey take up, finey make
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fineir own gavity." A major argument starts about finis and about fine Moon. The class talks

especially about finings finey see in pictures in fine book. Finally I stop fine talking and call on

John.

John: If there was gravity on the Moon they would stay on the Moon, and if you jumped

you wouldn't start flying around or floafing you would jump and then you wouldn't do

finat and Krisfin’s saying that there's gravity on finat [ . . . remember her picture. . . J finen

you would fall off but I don't finink so, if you fall off there's nothing to go on to, you'd just

sit finere.

Teacher: 50 are you agreeing wifin Timmy and Jin that because finey wear their boots finey

go back down? [John nods.]

I ask anofiner quesfion which I hope will turn fine conversafion back from examining fine

effects of Timmy and Jin's idea to looking at more foundafional assumpfions. "Can I ask a

quesfion? Why does fine Earfin have gravity?" Daniel answers: "Maybe it was made that way."

Then Karen: "Cause people need to live on it, 'cause finat's where people live and where all fine air

is, so they can breafin, I don't know why the air is except fine gravity is where all fine people are

and fine air and if there wasn't any gravity everything wouldn't be, it wouldn't be organized, it

would be hard to do finings." This is a common sort of response to finis kind of why quesfion. A

sort of inverted logic or causality finat makes me finink a lot about Habermas and Arendt and fine

nature of rrnoral claims. It’s also horrifyingly realisfic scienfifically. For example scienfific

evidence and arguments for differences between men and women, fine superiority of fine white

race, nafing behavior of birds . . . I respond: "Well, maybe if fine Earfin didn't have any gravity

we wouldn't be here."

Alice: True we'd be up finere maybe . . .

Teacher: Floafing around . . . Ricardo what do you finink, why do you finink the Earfin

has gravity?

Ricardo: The people need gravity to because um, what if finey need . . .

Teacher: No that's not the quesfion. It's not if people need gavity. It's why does fine

Earfin have gravity?

Ricardo: Because so fine people can live on it and finen finey can walk . . .

Teacher: If people didn't live on it would fine Earth sfill have gravity? [People nod their

heads and murmur ye] Why does the Earfin have gravity?
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Ricardo: I don't know.

Alice: Well I finink fine Earfin has gravity well I have two reasons, I‘m sure about fine

second one. The first one is because . . . maybe it was nade finat way. And my second

reason is, I'm not sure finis is right but, ah, space doesn't have any gravity . . .

Teacher: Space doesn't have any gravity?

Alice: I don't finink so.

Teacher: You don't finink so. Why do you finink space doesn't have any gavity?

Alice and finen Arrnina, though, just repeat fiat finere is no gravity because finings float finereufiney

have no weight. I finink finat for me fine difficulty I find in shaping finis sort of discussion is in fine

sort of cyclicity of the children's logic irn fine statement finat fine Earfin has gravity because it was

nade fiat way. It does have fine gravity fiat it has because it was made fine way it was. It was

also made the way it was because of gravity. You have to step outside finis cycle to rrake sense of

it or for fiat rrnatter to finink differenfiy.

Sook Chin has been drawing a picture to show us since I asked fine quesfion about where

gravity comes from. Finally he is ready to present his picture. He is only recenfiy becoming

competent in English so he talks a little English finen goes to Korean and Yong Sun translates.

Notice, on his diagram, fine direcfion of fine arrows. The way he has chosen to draw his arrows

has important repercussions for fine rest of fine monfin. Arrows indicafing fine direcfion of fine

force of attracfion would go fine ofiner way.

 
Yong Sun: He fininks finere's gravity everywhere so urn, [it's from] under fine Earfin, finere's

gravity but we can't feel it.



182

Teacher: So everywhere on fine Earfin finere's gravity even if you're on top of fine Earfin or

on fine bottom of fine Earfin finere's always gravity so you . . . that's why people on fine

bottom of fine Earfin don't fall off.

Sook Chin: Yeah and finey don't feel that [he gesture to indicate upside down] . . .

Teacher: They don't finink finey're on fine bottom of fine Earfin.

Sook Chin: Yeah, finey can't, but I finink finey can't fall because outer space is very large.

I decide at finis point to tell fine children about gravity and finen see what sense finey can

make of it rafiner finen seeing if finey can "discover" it. I do finis because I finink finat fine kids (and I

finink finis is borne out again in the next class) are postulating fineories which are more-or-less

spontaneous bright ideas (or insights if you'd rafiner). They are based on almost nofining. Many

are constructed on fine spot. I finink fine gravity boots is an example of finis. Jin was saying finey

held the astronaut down because finey were heavy. My poinfing out or him recognizing finat finis

was inconsistent wifin his claim fiat fine Moon had no gravity led to the claim finat fine boots made

gravity. The children who liked fine idea were busy trying to apply it to other finings to see if it

would work there. This is in line wifin fine manner Kuhn (1970), for example, describes fine

testing and assessing process scienfists put new fineories finrough. In fine same line I suggest a

fineory and invite finem to see whefiner or not fineir data make sense analyzed wifinin it. My

theory, I know, has fine advantage of greate simplicity and consistency. It has greater

explanatory power, it can be extended beyond fine immediate phenomenon. I rarely do finisutell

the children a scienfifically rrnore correct answer. I choose to do it in finis instance in a parficular

manner. I am careful to portray what I say as anofiner fineory because I don't wish to make an

authoritafive statement which would stop fine sort of weighing and assessing Kuhn describes. I

wish to keep my idea wifin fine pre-exisfing norms of our classroom conversafions in which

people share ideas and finen finey are discussed and weighed. I want finem to finink about my

theory in the same way as they have gavity boots-weighing its usefulness in explaining what

finey know about phenomena. I do finis because I respect bofin finat forrrn of fine scienfific process

and I respect fine children-«their fineories (gavity boots, like any other scienfific fineory is

discarded only when it proves not useful) and fineir ability to finink crifically and creatively. I
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don't acfively disprove fineir fineory, rafiner I give anofiner fineory finat's more powerful for finem to

try out. I feel I have to be extra careful in doing finis (and in describing it here) because I do feel

fine children rray attach more weight to my statements, when I rrake fine, but I wish in this

instance to minimize finis.

Teacher: Listen to rrne, let me tell you an idea, fine reason why fine Earfin has gravity is

because it's a great big fining . . .

Krisfin: Bigger finen fine Moon?

Teacher: [nods] . . . fine bigger the fining is fine rrnore gravity it has, everything has gavity,

everyfining has gravity like you said at fine beginning Amina . . .

Timmy: Except . . .

Teacher: Wait! Everyfining has gravity but how much gravity it has is because how big it

is. [This make me very uncomfortable using ”big" rather than ”mass” but I didn’t want to

introduce a new word at that moment] 50 fine Earfin has gavity and it has a lot of gravity,

the Moon has gravity but the Moon is smaller finen fine Earth so it doesn't have as much . .

Jin: One quarter . . .

Teacher: It doesn't have as much gavity as the Earth.

Timmy: So it's not easier to get around?

Teacher: So it's easier to jump in fine air. I have gravity but I don't have nearly as much

gravity as fine Earth but if I was in outer space where there is no gravity, finere's no

gravity in outer space because there's nofining there, but if I'm in outer space, I have

gravity and if Annina was to bring a pen up finere and let go of it, just let go of it so finat it

is floafing, it would be attracted to rrne, it would be pulled to nne because I have gravity.

[Many children start murmuring to each other]

Timmy: Dr Osborne I have a quesfion.

I repeat my fineory before I let fine children talk. Ricardo says fiat bofin fine Sun and fine planet

Jupiter must have a lot of gravity finen. I agree wifin him and emphasize finat it is because finey are

so large.

Jin: I finink it's interesfing that if you were in outer space and if someone gives you a,

maybe if someone would hold a pen and it will stick to you.

Teacher: You finink fiat's interesfing? Okay Timmy?

Timmy: Unn, I have a quesfion. Does fiat mean if somefining's bigger finan you, you

would be attracted to it?

Teacher: Uh huh.
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Timmy: Oh finen I say fine same as Jin.

John adds his own interesfing idea: "What's interesfing is if a space ship were to fly too

close to fine Sun it can't get away 'cause fine gavity of fine Sun is pulling it towards." But Amina

disagrees wifin fine new theory. She draws a picture and then states: "The Moon has nofining on it

because it has no gravity right?" I tell her finat no finat's not riglnt or at least finat's not what I had

said. I emphasized the I. I reiterate that according to my fineory fine Moon has gravity because of

its size. But Annina insists fiat it doesn't have gravity--at first because fine book says it's in space

and that has no gravity and then because: "Well I think I'm sort of revising because I finought if

you finink it's fine Moon, fine Moon could have gravity because I finouglnt if finis is the Earth finere's

lots of people, 'cause there's lots of living finirngs on it, finat's why it has gravity. But fine Moon it

has nothing on it." On finat note I end fine class.

Constructing and teting scientific theorie and the development ofa community:

Out into the solar system.

We start fine next class, on fine 17fin, in fine same spot we left off. Krisfin disagrees wifin

my fineory. ”I don’t finink fine Moon has gravity because it says it in our own science book.”

Arrnina also still disagrees and goes to the board to redraw he pictures. It is very important finat

these two were fine parficular children who started fine conversafion in finis class finrougln

disagreeing with my fineory of gravity. These are fine two children I am most focussed on in my

worries about discourse. They alter fine shape of the ensuing conversafion so finat it feels more

like finose portrayed in the chapters on fine first and second combinafion class. They tell us fineir

ideas and we listen to them and work wifin finem and through finis process become crifical.

I ask Krisfin to find in the book what she is fininking about. Meanwhile Amira explains

her picture. ”Now finis part, just pretend it's flat, um, fine Moon has no gravity, some people finink

it does but it doesn't. These lines are the people [on earfin] and fine Moon, it has nofining but

bumps on it and finat's why the Moon has no gravity.”
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Teacher: 50 in order to have gravity you have to have living finings is that what you are

saying?

Annina: Yeah um, I don't finink I should say finis, but whateve one you believe in, god,

well god, urn, he finought that finere should be, well, I don't know but maybe this, but

naybe it's just because fine Moon doesn't have to have gravity because finere's nofining,

why should it have gravity because there's nofining on it fiat should have gravity.

Teacher: Oh so fine Earfin needs to have gravity because finere are living finings?

This is very true, would the concept of gravity exist wifinout us needing it? Mightn’t

there be anofiner way to visualize the whole relafionship finat doesn't require pullirng out or

defining a concept like gravity? This is on a confinuum wifin Karen’s explanafion of why finere is

gravity (because we are here and we need it). Amina’s linking finis to her concept of god and

what god’s plans are is also a part of finis sort of teleological argument; arguments which hirnge on

a higher aufinority or a greater purpose-stated or unstated. In tradifional science fine higher

aufinority is fine rule ”This must rrake sense!” It doesn’t have to be finat way eifiner or it can rrake

sense in mulfiple, often conflicfing ways. Both Amira’s and my concepfions of gravity arise

because of different qualifies of fine abstracfions we make about what we sense in fine external

world. Concepts such as gravity or god arise because our arficulafions of reality are parfial and

incomplete. God and gravity are different because our abstracfions are different. Amina's way

makes sense to her as does mine to me but how we can use finat sense making is very different.

Tlat’s how I like to finirnk I approach finis sort of argument in class-asking children quesfions so

finey can try out fineir arguments in different places and contexts, wifin different data. That’s also

the approach I finink you can see fine children adopfing. When Amina talks about god as an

explanafion no one challenges her right to talk about finis. They listen to how she is using it finen

present fineir ideas. In a much later class (where we were discussing fineories of fine origin and

end of the solar system) Arrnina asked me privately whether or not she could tell about her
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religious beliefs. I asked her to finink before she did it whefiner or not she would be connfortable

wifin kids challenging and discussing her ideas as problemafic. She chose not to share.

A funny fining about Amina and my interacfions is that I don’t feel fine sarrne sort of moral

dilemma in encouraging her to quesfion and think in finis way as I did in ofiner classes wifin

different students such as Farzoneh (a child from Iran finat I had in first grade in fine year before

finis-I talk more about finis in fine next chapter). I suspected at fine fime of finis series of classes

fiat finey were from fine sarrne sort of conservafive Moslem background finough. This is actually

not true but it is what I was fininking and acfing on at the fime of finis conversafion. Maybe finis is

because Amina’s age and the age of fine ofiner children give me opportunifies to talk wifin finem

about fine discourse and what we are doing in class finat I didn’t get to do in first grade. About

Amina finough--she acts extremely femirnine and very silly but is very percepfive about the

discourse of the class. She writes to rrne in her lab notebook commenfing on fine kinds of

quesfions finat I ask and why I phrase finem fine way that I do. She is fine only child who does finis.

Amina: Uh huh gravity, um, people would be floafing . . .

Jin: Yeah we couldn't breafin!

Teacher: Hand up! Urrn, but how does fine Earfin make its gravity?

Amina: Well it comes, I'll draw a picture right here . . .

Dembe also wants to draw a picture at finis point. While fine two girls draw, Ricardo has

a comment: ”I think wifinout, wifinout gravity fine sharks wouldn't be able to live because wifinout

gravity, fine ocean would fall into space.” This is a classic Ricardo sort of comment to me: right on

target but warped by his own strange head space. I never know what to expect from Ricardo

except fiat it will be percepfive. Many children make comments like finese in all my classes. I

have included many of finem in finese transcripts. They are said too loud to be side comments but

they never become central to our classroom talk or if they do it is at a very later date. I feel finese

comments are important because finey indicate somefining about fine atmosphere of fine class-finey

are usually said in a humorous way and connect to the topic at hand in a peripheral or even

eccentric manner but indicate (at least to rrne) fine child is connecfing to fine topic. I usually srrnile
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at fine speaker or laugh a bit but don't respond directly to fine comment. In finis instance, I

respond, not about Ricardo's statement about sharks but just to Ricardo in general: ”So do you

finink fine Earfin has gravity because there are living things and finerefore the Moon doesn't have

any gravity?” Ricardo says finat he fininks fine Moon needs to have at least a bit of gravity. When

pressed he can't say why finough.

Annina explains her new picture. She tells us finat gavity comes from fine center of fine

Earfin and out fine north pole.

 
 

 

 

Then she changes her mind: ”Well wait a minute fiat wouldn't nake sense because I don't finirnk

I agree wifin my picture 'cause that would mean down here I don't know what it would be down

here but it might not have no gavity." She decides to draw anofiner picture. I suspect she is

confusing magnefic field drawings into her sense making about gravity. We never return to finis

though so I don’t know. Now Dembe shows us her picture.

Dembe: I finink that fine Moon does have a litfie gavity.

Teacher: What's your picture of?

Dembe: Um the Earfin and fine Moon, and I think finat fine Moon does have a little gavity

because if fine Moon didn't lave gravity, well it should have gravity because it's a little

srraller than fine Earfin, and it should have gravity and like you said, well, like fine Earfin is



1 88

big, but the Sun would have more gravity 'cause it's bigger fian fine Earfin and fine Moon

and, um, I finink finat since it’s sfill a size and it’s kind of big too and so it has gravity and

also fine Earfin because it’3 big.

Teacher: 'Cause of fine size.

Dembe: Um hum.

Teacher: Okay Ricardo?

Ricardo: I finink the Moon does have a little gravity. If finere wasn't any gavity on fine

Moon it was, um, if fine astr'onautseven with heavy boots, they won't be able to touch the

ground.

Amina: Remember . . .

Teacher: Yes Arrnina?

Annina: Remember when Timothy said they have gavity boots . . .

Timofiny: Well I disagree wifin myself now because when I heard what Dr Osborne said

and I agreed wifin her.

Amira: Dr Osborne what did you say?

Teacher: I said finat the Moon had gravity but it had less gravity fian fine Earfin and fine

amount of gravity finat it has is dependent upon . . .

Amina: Oh I finink that it doesn't . . . doesn't have any, fine [moon] doesn't need it because

it doesn't have anyfining on it except bumps, it doesn't have finings, it doesn't have space

creatures.

Joey also fininks the Moon has gravity. When I ask him what gravity is he replies:

”Somefining fiat helps you stay on fine gound.” Yong Sun adds on to finis an extension of fine

fineory from somefining he has read: ”Well I was kind of fininking finat some stars are bigger finan

the Sun and um, if you're out in space, if somean was really big, finen it would pull you to it, it

would pull you to it." I get back to Amira and ask her what she’s doing. She is musing over her

drawing of fine Earth wifin people and the Moon wifinout. ”I know fine mountains should have

gravity I mean they're bumps.” Dembe reminds her: ”You said fine Earfin doesn't have bumps . . .

.” and Joey adds in: ”Or doesn't need bumps.” Annina: ”No, No No No what I meant over here

was all there is on fine Moon is bumps, bumps is not living finings!" Denbe: ”But when you were

over there you said finat the Earth does not have bumps and I finink it does.” To which Amina

answers: ”Well yes fine Earfin does have bumps like the rocks like in fine roads um, I'm gonna
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revise." I finink finis is an example of Dembe and Joey trying to finink inside Amina’s fineorizirng.

But fineir approach to attempfing finis is crifical. I don’t finink fineir statements should be

interpreted as counter-arguments. Rather finey were trying to finink along wifin Arrnina and finese

were problems finey saw in fine fineory through finis process. This is much more similar to fine

workings of fine community in the conversafions in the last chapter about sound and music.

Firnally Dembe says: ”I finink the Moon has to have gravity." I ask her "Why?"

Dembe: Because if it doesn't have gravity, how can you go to fine Moon. Like fine space

rockets and stuff when finey're going to fine Moon, do finey just glide riglnt . . .

Arrnina: Dembe, Dembe! I finink you're getting a little carried away, see fineir space suits,

they have in their space suits to carry gravity, there's finis little plug goes in, there's air and

there's gravity.

Timmy: No it's just oxygen.

Krisfin: No it's for oxygen.

Arrnina: Oh finen I finink it's fine boots that helps therrn.

Timothy: It's finose boots you saw how finey have gravity on fine Moon, you saw how finey

jump, it's because finey, fine gravity's not real big so fine gravity's not real strong, so you

float up but then you corrne down because fine gravity pulls you down but finen you float

back up because the gravity isn't very big . . . I made a rrnistake because now I don't

finink finere is and I don't and all finey do is finey have oxygen packs on finem and finat's all.

The children have seen these finings in pictures and books and in movies or television and finey

believe there has to be reasons for fineir observafions so finey try on fineories, to see if finey work

for a bit, finen keep them or cast them aside. A tesfing process. Note: finis is very different from

fine way science is normally taught but very much what goes on in research. Amina does finis for

herself. Slne adds on addendums to her fineory, tries it out for its explanatory power and

coherence finen throws it out. Like epicycles in pre-Copernican astronomy.

Annina: Air and gravity are opposites.

Teacher: Air and gavity are opposites?

Amina: Uh huh. [Many children start asking her to clarify] Not opposites, well finey're not

opposites actually, but finey're sort of fine same, they're not really fine same but . . .

Timmy: Opposites means different.

Krisfin: Like yes and no are opposites.
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Arrnina: Yeah but I think they're sort of fine same, gravity and air.

Teacher: You said that last fime you said finat, air and gravity were fine same because you

can't see eifiner one.

Annina: Yeah it's true . . .

Ricardo: Um, ummm . . .

Amina: . . . 'cause they're like the same like, Dembe my I erase finis? It's clear and it

helps people . . . air helps finem breafine and gravity helps finem stay on the ground.

Teacher: Is air like somefining that you can hold in your hand? Am I holdirng air in my

hand? [All repond ye.] Okay, can you hold gravity in your hand? [Amina says ye all the

others say no.]

Arrnina and Yong Sun argue about whefiner or not you can feel gravity. Arrnina seems to be

claiming finat you can feel gavity because you can feel the effects of gravity. I’m inclined to look

at it finis way also alfinough she is also saying that gravity is located just on the flooruwe feel

gravity because we are held to fine floor. I don't agree wifin finat part.. So I ask fine children: ”Let

me say somefining about a way you can feel gravity, if you pick somefining up, you pick it up and

it weighs a lot is finat feeling gravity?” Now everybody agrees with me (while finey didn’t wifin

Amina). So I ask why finey finink finat is feeling gravity.

John: It has weight and it, um, pushes down on your hand.

Joey: Um, I disagree with her [Amina] because if gravity is just on fine floor because riglnt

now I'm not touclning it [thefloor], if it's just on fine floor I felt it all over.

Annina: That's not what I mean . . . [Lots ofarguments start.]

Teacher: Wait wait wait stop hold it I'm not totally sure I even heard what Joey said, Joey

you said gravity's all over, it's not just on the floor so you wouldn't just feel it on fine floor

you'd feel any old place?

Joey: Yeah or I'd just be floafing up riglnt now.

Teacher: Okay any comments to what Joey just said? John?

John: Um I agree wifin him 'cause if it was just on fine floor then you'd be half floafing and

half on the ground right now and if you'd want to stay on fine ground you'd have lie

down on your back or somefinirng or your stomach.

Jin: I agree that gravity's all over 'cause finen you'll be sficking, you'll be like . . . your one

arm will be going like that and your ofiner arm will be going like finat and . . .

Ricardo: Then your head may rip off!
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Teacher: That might be true if wait a nninute, your saying fiat might be true if gravity

were all over, not just on fine ground, are you saying gravity's just on fine ground or

gravity's all over?

Jin: It's only on fine ground 'cause if it were over finere finen it will sfick.

Dembe: If, if I age with Joey because gravity is all over, if you um, if gravity wasn't all

over your hair would be going like finis and everything.

In fine last ten minutes of class, Krisfin reads a page in her textbook on experiments in

outer space while Timmy struggles for words with Dembe to describe how space is nothing.

Ricardo says that space is different from fine Moon-fine Moon is in outer space. Joey joins fine

word struggle to describe space [words- like air, night, nofining]. Karen takes us back to Amina's

drawing and points out it makes no sense for fine soufin pole, also where would fine gravity go at

fine norfin pole? Krisfin talks about fine ozone layer, finat it would hold gravity in and spread it

around the Earfin. Yong Sun thinks finis is a mistake and I define ozone as part of fine atmosphere.

I ask if she means that fine atmosphere, the air keeps fine gravity in. Slne replies: "Nofining can get

out except rockets and l finink fine rockets have a special fining that makes finem able to get in and

out of fine Earfin because fine ozone keeps everything from getting out of fine Earfin, helps fine

gravity to work." Yong Sun says finis is a nnistake and draws fine Earth wifin fine atmosphere

around and explains the greenhouse effect and says it has nofining to do wifin gravity. Firally I

ask finem to write in notebooks where do finey finink gravity comes from? At fine last nninute two

children (Timmy, Daniel) want to bring somefining in to share next time-I invite finis and finis

becomes very important in shaping fine subsequent classes.

In finis last class fine children construct consistent fineories. I give finem new "stuff" to do

finisufineories, phenomena» which 'cause fine children to revise old fineories to accommodate fine

new ideas or to finrow their fineories out, Amina is attempfing to do finis revisionushe is

unwilling to release her own fineory. Others are tesfing fine new theory finrough its self

consistency and by its ability to explain phenomena they are familiar wifin or by extending to fine

unknown (example: Yong Sun). Again finese are all examples of fine workings of a discourse

community. Describing the workings of a scienfific community upon fine publicafion of a new
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fineory, Kuhn (1990) argues that fine scienfists weigh the fineory against fine phenomena and accept

or reject it on fine basis of whefiner it explairns more and whefiner fine new theory is generafive.

According to fine ideas of Foucault (1980), finis process is mediated by fine abilifies of fine members

of fine community to communicate with each ofineruthere must be shared language and shared

understanding of that language. The later is developed by fine use fine language is being put to.

This comes about in a scienfific community by the process Kuhn describes.

Gravity and the solar system continued. I realize we have changed direction.

We start March 19fin with a short review of what has been going on about gravity for

Alice (who missed fine last class). I finought for sure finis was going to be a short process and we

would return to fine inclined plane experiment today. The real class starts when I ask Alice what

she fininks of our discussions.

Alice: I agree with Dembe [Dembe has just defined gravity as something that keeps you on the

ground and as proportional to the size ofplanets] and I have a quesfion for her, if gravity

keeps finings down and it helps you stay down, well why aren't you laying on fine

ground, because it's pulling you down?

Dembe: I mean like gravity holds you, I rrnean, like on fine bottom of your leg, you see

when you jump, it pushes you back down on your legs . . .

Jin: It pulls you . . .

Dembe: It pulls you on your legs!

Teacher: But why aren't you lying in the ground ? That doesn’t nake sense . . .

Dembe: Well because finat, you’re up, your feet are on the gound and finat's why gravity

comes from fine ground.

Teacher: What do you finink about finat Alice?

Alice: I don't really understand.

I see finis as a chance to revisit Alice's and ofiner’s quesfions about birds and find a place

to explore how we ”feel” gravity—work against it, fine tug-of-wat idea. I say: ”Remember we

were talking a couple days ago about how birds can fly? I mean how can birds fly if finere is

gravity, Krisfin?” Krisfin responds finat birds have no bones. Everyone disagrees. I say: ”Well if
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they do or don't what difference would finat nake? I mean shouldn't gravity work on someone

wifinout bones?” Krisfin tries again: ”Birds don’t have weight.” This is again shouted down.

Everyone is debafing my quesfion. I stop fine conversafions and call on Yong Sun. ”They don't

look like they have any weight but finey do have weight and finey use fineir own force to keep

finem up.”

Teacher: How do finey do fiat?

Yong Sun: By pushing fine air to fine floor and liffing finem up.

Teacher: By flapping fineir wings? [Yong Sun nods.]

We start talking about how they are able to flap fineir wings. Yong Sun says because finey

have a skeleton. I ask fine class ”Is it just fine skeleton or sorrnefining else finat helps finem?" Timmy

says finey have muscles and Jin says feafiners. I push it furfiner: ”Okay let me ask finis, if birds

krnow finere is gravity and birds do have weiglnt but finey can fly because finey have wings and

finey have muscles and finey have skeletons and finey have feafiners so we have weiglnt but we

aren't lying flat on fine floor, why are we not lying flat on fine floor? There is gravity and we do

have weight but we aren't lying flat on fine floor.” John says: ”Bones, if we didn't have bones

we'd be flat on the floor."

Alice: Well I agree with John and because finere's not enougln gravity to pull us down on

the gound.

Jin: Yeah there is!

Teacher: There's not enough gravity? What's finat Jin?

Jin: Yes there is because if you don't have bones then you'll fall down.

I ask: ”Can you finink of any animals finat don't have bones?" My reasons for asking finis

are because I want them to finink that finey have to work to stand up and finat their bodies are

constructed to facilitate finis. Anirrals wifinout bones are supported by fine ground, water or

exoskeletons. I want finem to see fiat fine morphology of living finings is related to fine finings finat

they can do—a funcfional morphology argument. The danger of funcfional morphology

arguments is that they are often discovered to be the inverted forms of logic and causality finat I

talked about when Karen suggested that fine Earfin had gravity because pe0ple needed it.
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From Ricardo we hear about worrrns and whee finey live. Karen talks about snails and

slugs. We talk a bit about snakes and rerrnernber fiat finey do have skeletons. I suggest jellyfish

and Ricardo adds shrimp. At last Amira says: ”I have a comment for Krisfin and Dembe and

also for you Dr Osborne, not only your bones hold you up but also your muscles and your force.”

Everyone seems to agree finis fime so I summarize: ”Somefirrnes your muscles don't work and you

fall on your back but you don't lie on your back because you can't get up like because what Alice

was saying about gravity, if finere’s gravity why doesn’t it just hold you flat on fine ground? I

finirnk fine reason why it doesn't just hold you flat on fine ground is because, as you guys have just

answered, because you have muscles and you have bones and you use finis force finat keeps you

up, finat allows you to stay up. Does that make sense to you Alice?" Alice says finat it does.

Then I return to fine Moon: "Well what would happen to us if we were on fine Moon, is

finere gravity on fine Moon?” All but Krisfin and Amina agree fiat finere is. We talk sonne rrnore

about how people move on fine Moon and in outer space. Timmy looks fine Moon up irn an

encyclopedia he has brouglnt in to show us. It talks about fine calendar, fine phases of fine Moon

and craters. Sook Clnin defines finese by drawing a picture. I talk about my research on lunar

rocks and soils.

The children effecfively planned out next fime and probably a number of days after with

fine finings finey want to share about fine planets. I was sfill not happy wifin what finey are saying

about gravity. I really wanted finen to understand weiglnt as the manifestafion of a dynamic

tension between two bodies. I wanted to get back to fine machines. I didn’t want to do rrnore on

gravity or fine solar system. I didn’t like fine feeling of manipulafing finem into knowledge finat I’d

already got. On fine ofiner hand finey really wanted to do finis. The only children I really didn’t

finink were very interested were Mwajuna and Selarrawit. I felt finat I must do finis finough

because finey clearly wanted to and I wanted to respect how finey shaped fine science we were

doing.

This was fine last class in which I finouglnt our primary purpose was exploring gravity to

get to weight to get back to machines. After finis class I let us explore fine solar system (and
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gravity) for finemselves alfinough in my head I still kept fine idea of relafing finings back to what I

finought were underlying concepts in making sense of the rrachines. In ofiner words, in my head

fine organizing finerrne of fine children's explorafions of fine solar system was an explorafion of

gravity-its meaning and effects.

I let fine children lead fine way on a superficial level by letfing finem control (introduce)

fine materials we would discuss. I nnade no attempt to ask why parficular children chose to share

fine things finat they did. I finink finere was an interplay of children bringing finings finey had fiat

finey finought were perfinent to a discussion going on (I finink finis because often we didn’t get to a

child’s offering for days and when we did, fine child would say finings like, ”Oh let's not read finis

now, we aren’t talking about it anymore”), were points finat finey would like to nake to support

fineir views of an argument, were very interesfing to finem. How what fine clnildren brouglnt in

played out in class was somefining I manufactured finough.

Connecting gravity to motion: Connecting to each others ideas.

So we started in on Monday, March 23rd wifin me recapping fine children’s plan from fine

last class. I had asked Sylvia if I could teach on Monday fiat week (normally I don’t) because I

had finought that one long class and finen fine shorter classes fiat I norrrally tauglnt on Tuesday,

Wednesday, and Thursday in which finey shared finings finat finey had brought from home would

end fineir interest in planets. The Monday class is an hour and a half. My ofiner classes are 40

minutes. First I poll fine room for who brought stuff in, finen for who else planned to, finen of fine

children who had got stuff, what they had. This is how I arranged fine conversation. I also

explicitly said we were going to end talking about planets on Thursday.

I start wifin Timmy who has informafion in his encyclopedia to share. Before we get to

his choices finough I ask him to look up gavity. Then he asks me to read fine selecfion. The

paragraph I read defines gravity finrough Newton's law which states finat any two objects are
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pulled towards each ofiner wifin a force finat has to do with fine amount of their nass and fine

distance between finen. The closer finey are togefiner fine more they are attracted to each other. I

define mass for the children as having to do with size as I was telling them before. Then fine

encyclopedia talks about how in order to escape the Earth's gravity an object has to be moving

very fast, at an "escape velocity." So finis is where I suddenly get the idea that exploring fine

revolufion of one body around another would be a way to start fininking about gravity as a

dynamic inteacfion between two bodies; anofiner version of Dembe’s tug-of-war. I bring finis up

later in class.

Timmy asks for quesfions or comrrnents. This is how I have established fiat children lead

discussions in my classes. A child who wishes to share somefining—a book or a drawing for

example-presents it to fine class, explaining why finey finought it was important. Then they take

questions from the class. Children who ask quesfions must raise fineir hands and be recognized

by fine speaker. To an extent, fine speaker controls who talks and for how long. The speaker also

responds to fine quesfioner. When fine topic seems parficularly fruitful or becomes important as

fine quesfion/response progresses, I often step in and interfere wifin what is talked about and who

does the talking. I also step in to make sure certain people who I suspect have sonnefining

important to add get air fime and I also step in wifin finese people to increase fine fime spent on

their ideas. In ofiner words, I don't rely on the speaker to know what is important scienfifically. I

feel it is my role to keep finese sessions focused on fine science and I break fine norms of finis type

of conversafion to do finis. Timmy calls on Amina first. Amina asks about anofiner experiment

fiat fine class did on stafic electricity. In finis experiment, finey rubbed balloons on their hair and

tried to sfick the balloons togefiner, or not, depending if the other balloon was also rubbed.

Timmy and Amina argue about whether discussing finis is applicable to a discussion of

gravitafional attracfion. Timmy fininks she is arguing finat gravity and electricity are fine same

fining.

It’s pretty obvious I feel finat Amina is poinfing out the similarity in fine descripfions of

the attracfion between two bodies due to gravity and finat caused by electricity, not saying finat
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finese are the same fining. I think finis is very percepfive. The equafions fiat describe finis are of

fine same form. The diffeence finougln (and it's a fundamental one) is that while gravity can only

attract, electricity can both attract and repel. I want to know if the children see finis sirrnilarity also

and see fine difference so I confinue polling fine room. No one seems confused by fine two as

different and Alice does point out finat most fundamental difference between fine two. This is a

nice short explorafion of similarifies and differences finat adds to fine understanding of both

concepts I finink. A similar sort of discussion will happen between Yong Sun and Daniel about

definifions of fine word satellite in fine next class. These two conversafions are different in

substance alfinough fine form is similar-here we are exploring fine differences and similarifies in a

phenomenon. Around fine word "satellite" we are discussing fine meanirng of a word, a human-

rrade construct. It is important to finink of Wittgenstein's ideas about meaning and language in

finese contexts and ask if and how words have meanings outside fine use they are put to, fine

contexts finey are found in. How we construct meaning and that meaning is shaped by fine social

context in which it is formed.

Next Timmy has me read from his book on planets. I-Iis encyclopedia defines planets as

bodies moving around a star each in its own orbit. It lists fine planets irn our solar system and I

show fine children fine picture fine book has of fine planets, labelled, in orbits around fine Sun. I ask

the children what finey have in fineir textbooks. Karen starts us by talking about a picture of fine

orbitals of the planets about fine Sun. I ask Karen why she finirnks fine Sun is in fine middle. She

answers: ”Because all fine planets have to move around it, like planet Earfin, finen one half isn't

warm while fine ofiner half’s cold.” This is very true. The only planet fiat only presents one side

to fine Sun is Uranus, a gaseous planet, finat can convect and even out fine temperature differenfial.

But Karen’s answer really explains why planets rotate not revolve around fine Sun. So I ask her

why finey have to go around the Sun, why can't finey just sit? This quesfion returns us to fine idea

fiat planetary mofion represents a dynamic tension between gravitafional attracfion and

centripetal force. My reason for pushing on finis as a means to try to develop an understanding of

gravity with the children relates to my own understanding of gravity. Remembering fine
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equafion which describes gravitafional attracfion: F=G(M1M2/r2) in which F is force, M is nass,

A is accelerafion, G is fine gravitafional constant and r is fine distance separafing fine two bodies,

there is a force of attracfion between any two bodies. They must work to stay apart. We work to

stand upright on fine Earfin but because we do it constantly we aren't aware of it. The fact finat fine

planets revolve around fine Sun is a manifestafion of fineir gravitafional attracfion towards fine

Sun. It is hard to understand gravity as a force if you can't recognize fine work (fine mofion) being

done to counteract it. She replies: "Cause finey'd burn up in fine same spot." Dembe adds: "Well I

finink it's in fine middle because [? finey can't share fine same orbit then finey'd] share fine heat."

Then I interrupt and draw finis picture:

/O
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I also want to know why fine children finink planets can't share orbitals.

Dembe: That wouldn't be a good idea because, 'cause if finey were too close to each ofiner

you would just have to jump to get to one and anofine finirng, fine Sun would only be on

fine one side and it needs to get on fine other side because finen on finat side finere would be

something and on fine ofiner side finere would be nofining and it needs to be around.

Teacher: Karen didn't you have your hand up?

Karen: Um hum, if it were to stay in one spot and fine Sun is in one spot, um, fine pe0ple

fiat was on fine half finat was cold finey would get kind of fired of having it freezing all

fine fime, and fine people where it's warm finey'd get real hot . . .

Ricardo: Not if you live in Florida or California, you're used to it.

Yong Sun: All fine planets have to do is spin around irnstead of go around it.

Teacher: Oh okay let me see if I can draw, so like here's fine planet here and so it would be

just spinning around like that?
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Yong Sun: Yeah finen everybody could get Sun.

Teacher: But it sfill would just be sitfing here, it wouldn't be um, going around fine Sun. It

would just sit right here and spin around by itself?

Yong Sun: Yeah but fine bad fining would be um, then astronomers, I mean finen people

wouldn't know how long a year would be 'cause every fime fine year spins around fine

Sun one fime is a year.

A debate starts up about what is a day and what is a year, about the difference between

rotafion and revolufion. We spend a lot of fime trying to demonstrate different people’s ideas of

how you could get a day finrough revolufion and whether or not finat kind of fininking makes

sense using globes and people walking around each ofiner. Timmy takes fine globe and revolves it

around the Sun once and says finat's what makes a day. Yong Sun, finougln, says finat is a year.

Alice: 1 finink I know how it gets dark and light and um, fine days because when fine world

turns around, like Timmy was doing, see, when it turns around finen on the ofiner side of

the Earth, fine Sun is on that side so if you are on fine opposite side of finat, finen it would

be dark over finere.

John: The Earfin doesn't go around fine Sun every day . . .

Timmy: It has to!!

Teacher: Timmy . . . let John finish.

John: It takes fine Earfin a year to nake one revolufion around fine Sun.

Teacher: So when it goes around fine Sun like finis line, fine white lines fiat are in your

book . . . those are fine revolufions around the Sun and it takes a year for finat to happen?

Both John and Yong Sun age but ofiner people are sfill all tangled up and Timmy keeps arguing

back and forth. So we do more demonstrafions wifin globes. Finally I summarize again and

Timmy agrees to the logic behind a day and then he asks my irnifial quesfion. He asks why if it is

spinning does it have to travel around fine Sun also.

Teacher: Okay good quesfion, why does it go around me, why doesn't it just spin? And

fine reason why different people are saying it just spins I finink, like Karen said if it didn't

spin and I think Dembe said finis also, if it didn't spin finen fine Sun would always hit fine

sarrne place and finen it would burn up, is finat what you guys said? Or it would get very

very hot.

Karen: I sfill finink it goes around [fine sun] and at fine same fime, it, it's turning and then

it's also going around [the sun].

Teacher: You finink so? Why though?
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Ricardo: Why would it do bofin?

Karen: I think it does because if it was turning in one place finen it would be hot and finen

it would be cold and then it would be hot and finen cold, I've changed my rrnind, in one

day finen it would be hot finen cold, so I finink it just goes round fine Sun.

Teacher: You finink it just goes around the Sun, it doesn't spin too?

Karen: You see while it's going around fine Sun, it's heading finis way and it goes, fine Sun

is poinfing finis way and finen it's like finat.

Teacher: So are you saying that it goes around the Sun once a day, every day it goes all

the way around fine Sun?

50 now Karen has argued herself back fine ofiner way. We demonstrate Karen’s fineory

wifin the globes and Karen revises. Timmy says: ”I finink finat I agree with Jin but I'm just not

sure, I don't know if eifiner one is right, I'm not sure I'm not saying Jin is riglnt and I'm wrong or

I'm right and his is wrong, I'm not sure . . . "

We debate finis some more. I am letting finis talk go on for so long because of two finirngs.

I finink finis talk recapitulates a long debate in fine history of science and is a good place to try

working on rraking sense by fineorizing wifin ”data” finat we ”know” for sure. We know finere is a

year and a day. Where do they come from, what causes finem? Second we can’t make sense of

gravity using these concepts wifinout making sense of fine concepts first. The Earfin must revolve

around the Sun or fall into the Sun. The Earfin's orbit is fine result of fine gravitafional attracfion

between fine two and fine Earfin's tangenfial velocity away from fine Sun. That's why I started us in

on finis in the first place.

Krisfin suggests we look at a picture she doesn’t understand in fine book. This is a

drawing of fine Earth going around fine Sun and fine Moon around fine Earfin. I name finem.

Krisfin: I always finought fine Moon was bigger than fine Sun.

Yong Sun: The Moon is always smaller finan fine planet.

Teacher: Who said fine Moon is always smaller finan the planet? Why is fiat? I happen to

age wifin you but why is finat?

Jin: I don't know but um, in a book I have finat has all fine planets and the moons, none of

the moons were bigger finan the planets.
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We’ll come back to finis on fine 30th. Again finis is a place to make sense of gravity as

dynamic but right now we go back to revolufion and rotafion. We go back to my picture on fine

board.
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People are questioning it. Jin and Amina found my drawing fine arrow indicafing revolufion only

half way confusing so I complete fine diagram.
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But Amira has rrnore. She goes back to Dembe’s comnnent about being able to jump between

planets. She doesn’ter fiat idea. She is talking to Dembe:

Annina: The part where you said fiat um, you're not allowed to touch fine Sun, you're not

allowed to be finat close to fine Sun and Dr Osborne said sorrnefining about fine planets, and

you have to jump, and Dembe said if fine planets are real close together you have to jump

Teacher: And you [Dembe] argued finat that couldn't possibly be because finey'd be way

too close togefiner and also because . . .

Dembe: Well maybe if finey turn around and they, if finere was a planet riglnt here and

anofiner here and it's turning around, it might bump possibly.

Amina: I disagree because, if the Moon or if finis was, well, if finis was here and anofiner

planet was here, you couldn't jump, if you did you'd probably be floafing between, just

because finey're close togefiner doesn't mean you could jump from each one.

Dembe: I said you probably could.

Amina: But you, but you can't . . . well those two big ones right there um, finey're close,

but if you put fine one on fine right, if it was close, well the one on fine left, if you were on

finat one, the one on the left and if you were going to jump off to get to fine next planet

you'd be, you wouldn't get to fine next planet because finey're really not close togefiner.

Teacher: Why do you say finat?

Amina: Urrn, that's just finere, um, a picture, it's really the planets are not close togefiner,

they're far apart.
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Arrnina often brings finis sort of fining up. It’s like she wants to reaffirm and make sure

everyone agrees finat diagrams illustrate ideas not reality and what we see can be misleading

finerefore we have to remember the way finings are. Again I finink finis is important in science and

how we represent scienfific ideas. When the discussion about finis ends I take us back to my

original quesfion which is the one in which I hope to expose gravity some more.

Teacher: Now I have a quesfion I've heard lots of good arguments why finis should spin

around and around so it doesn't get too hot and burn up and so we can have days, I don't

understand why it has to revolve around fine Sun finougln, why couldn't it just spin round

and round and rournd in one place, wouldn't that keep it from getfing too hot on one side

or too cold on one side, wouldn't fiat be enough? Why does it have to go all fine way

around fine Sun and come back every year? What do you finink Jin?

Jin: I wouldn't know how long a year is.

Teacher: Oh so it needs to go all the way around fine Sun just to tell us how long a year is?

Is fiat right, the Earth circles the Sun just to tell you, Jin, how long a year is. Why does it

need to do that, why does it need to tell us how long fine year is?

Alice: Well, I finink I have a reason and I have a comment for Jin. What my reason is

maybe so it can tell you finat a year is and finere's anofiner way somefining could tell you a

year is, well you could tell by fine monfins you could count how many months finere have

, been and see if that’5 fine number of months and finat would be a whole year.

Teacher: Okay it's almost recess finne and before you go out could you please write about

finis quesfion "Why does fine Earfin go round the Sun and doesn't fall in, if finere's gravity

and fine Sun is finis great big huge thing, fine Sun is a great big huge fining and fine Earfin is

a little finy fining and if finere is gravity, why doesn't fine Earfin become attracted to fine

Sun and go crashing riglnt into fine Sun and burn up.

1 revised the question to be somewhat more starfiing and also to give somean of a lead

in fine direcfion I want. I start fine next class, on fine 24fin, wifin finis question. Yong Sun tells us he

wrote: ”It doesn't because if it did it would get out of its orbifing system.” I write finis up on fine

board and repeat it. This is a key statement if we are going to work on orbifing as a resolufion

between compefing forces (gravity and centripetal force). Then I ask Krisfin what she wrote.

Krisfin reads: ”Because finere is a force field finat keeps gravity inside fine Earth and fiat's why

finere's no gravity in space, 'cause if fine Earfin lets out gravity finen finere would be gravity in

space.” I write it on the board and quesfion her. This is why it’s essenfial to think of gravity as a

warping of space rafiner than a ”fining.” If you finink of space as ”nofining” how can finings

interact across it?
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Teacher: Now why does finat stop it from going crashirng into fine Sun?

Krisfin: 'Cause if finere was gravity it would go straight to fine Sun.

Ricardo: If finere was gravity out in space finen boom!

Kristin: Right.

Teacher: Ricardo what did you write?

Ricardo: I finouglnt fiat gravity keeps fine Earfin from fine Sun.

Teacher: Gravity keeps fine Earfin from fine Sun?

Ricardo: I mean gavity keeps fine Earfin back so it doesn't go crashing into fine Sun.

Teacher: The earfin's gravity or who's gavity?

Ricardo: The Earfin's.

Yong Sun: The Sun's.

Teacher: Ah so fine Sun and fine Earfin have gravity and fine Earfin's gravity keeps it from

crashirng into fine Sun . . . but fine way I understood gavity was finat it was somefining

fiat pulls finings togefiner how does it keep it back?

To understand Ricardo’s statement finink of finis diagram of Sook Chin’s:

 
He eifiner means fine side of fine Earfin away from fine Sun is pulling away from fine Sun or fine side

of fine Earth away from fine Sun is pulling fine ofiner side of the Earfin towards it or (invert fine

arrows in fine picture) fine Earfin is pulling in on itself and finis is strong enough to counteract fine

Sun's attracfion.
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Ricardo: Um because gavity pulls, pulls real hard.

Yong Sun: But fine Sun has more gravity . . . and fine other side of it fine Earfin would

push it finis way but fine Sun goes here.

Teacher: What do you finink Ricardo?

Ricardo: I sfill finink finat it keeps it from . . . 'cause fine Sun is far away from fine Earth

and if it's real far away fine Sun's gravity would hardly reach fine Earfin.

Teacher: And what about fine ofiner fining finat Yong Sun said about gravity on fine ofiner

side of fine Earfin, did you say gravity on fine other side of fine Earth would push it, is finat

what you said?

Yong Sun: Um, hum . . .

Teacher: What do you finink about finat Ricardo?

Ricardo: Only one, I finink only one part of fine Earfin would pull it.

Yong Sun: Well you finink finat on one side, fine side, where fine Sun is facing, it pulls it ,it

pulls um, into the Sun but on fine ofiner side it's pulling around.

Ricardo: That's not what I mean.

Yong Sun: Then I didn't understand it.

Ricardo: Well what I mean is finat 'cause gravity in fine middle of the Earfin is pulling and

pushing from . . . from fine Sun so finen we won't go into fine Sun. [The third ofmy

suggetions above. .]

Teacher: What do you think Yong Sun?

Yong Sun: You haven't answered my quesfion yet, what about fine other side’s gavity.

Ricardo: Well it's fine gravity goes from fine middle of fine Earfin and one part of fine

gavity stays where it was and, um, finen fine ofiner side goes on the pulls from fine ofiner

side.

Yong Sun: Well, I finink like fine Sun is here and finen fine Earfin is here and finis side of fine

Earfin is pushing finis way and the ofiner side is pushing finis way.

Ricardo: One side is pulling and one side is pushing away from fine Sun.

Yong Sun: So you mean one side pushes and one side pulls and it just stays here.

Teacher: Does that convince you Yong Sun? What about what you said about fine Sun

being a lot bigger and having a lot more gravity finan fine Earfin?

Yong Sun: Well I can take what Ricardo says.

Teacher: You can take what Ricardo says? You thirnk finat it convinces you?
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Yong Sun: Well actually a litfie.

Teacher: Actually a litfie?

Yong Sun: But he does have a good point finough.

Teacher: I finink he does too. Dembe?

I really liked finese arguments and fine reasoning of bofin are correct. The only resolufion

that I can finink of would be to put numbers to it. This is fine kind of fininking I like to leave

hanging. I was really pleased wifin fine form and content of finis conversafion. Dembe, finough,

introduces somefining new to consider-there are planets, Mercury and Venus-between us and

the Sun. She also nakes fine point finat fine Earfin and Sun are far apart. She recapitulates

Ricardo’s and Yong Sun’s argument about the Earth staying in its orbit. Dembe makes a drawing

of her interpretafion of Ricardo’s theory:

(3*
Earth

Sun

I ask her about finis using the children’s definifion of gravity as an attracfive force: ”Well gravity

works so that it's pulling towards anofiner fining, one fining towards another fining, why can it pull

finat way.” Dembe cites tragic: "Let rrne revise about finat I want to say finat, I, you see the ozone

on the Sun?” I tell her fine Sun has no ozone so she revises to fine Earfin’s ozone. I finink finis is

interesting how fine children have latched on to ozone as fine universal explanafion. She seems to

want to say fine ozone keeps the Earth togefine. Yong Sun tells her ozone has nofining to do wifin

gravity. Dembe starts to amend her theory--finis is similar to Amina, a couple of classes back—and

drifts off in her talk so I call on Krisfin who again has a problem wifin a picture in fine book and a

too literal interpretafion.

Krisfin: On one of the pages it looks like we are really close to the Sun, riglnt here, here's

fine Sun and here's the Earth.
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Dembe: It looks quite close but it's really far . . .

Arrnina: Well it's like up there fine Sun looks real close and fine Moon looks real close, like

one fime I was outside and the Moon it was so so really close and I jumped for it and

tried to get it . . . and I saw the bumps and everyfining . . .

Jin: It's impossible to jump all fine way to fine Moon.

Amina: I know but it looked finat way, really, really close like I could reach it.

Krisfin: Well I have somefining else to say, in anofiner picture in finis book on page 230

where it shows the rotafion, fine orbits of the Earth and fine Moon, um, I finink fiat it only

takes twenty four hours for fine Moon to go around fine Sun too.

Teacher: Why do you finink finat? For the Moon to go around fine Sun or for fine Moon to

go around fine Earfin?

Krisfin: Well I might be wrong but for the Moon to go around the Sun.

Dembe, Jin, Ricardo, Amina all interrupt to point out she is misinterprefing fine picture. It

shows fine Earth orbifing fine Sun and the Moon orbiting fine Earth. I ask finem to let Krisfin finish

what she is saying because buried in finis is what Karen was talking about wifin Mercury and

Venus, orbits wifinin orbits and also fine true statement finat fine Moon does take fine same amount

of fime to go around the Sun as fine Earth. Krisfin states: "I see that fine Moon is going around fine

Earfin and if the Earth is going around the Sun finen fine Moon has to go around fine Sun too." I

ask: "You guys who were complaining understand what she is saying?" and ask if fine people who

wanted to argue wifin her now understand what she is saying. Finally I repeat Jin's statement for

everybody. We will come back to finis.

We look up facts about the distances of fine planets from fine Sun for a while in fineir

textbook and fine encyclopedia. After a while I ask again about crashing together. Jin and Joey

say ”Because fine Earfin’s orbit keeps fine Earfin in its place fine Earfin can't go any ofiner place.”

Yong Sun agrees and I end the class wifin: ”For next fime write about how did fine Earfin get into

an orbit where it goes around fine Sun, how did that ever happen?"

What Jin, Joey and Yong Sun are saying is really no different from what we started out

class with but I feel like we've given it a lot more meaning in finis discussion. I phrased my final

quesfion the way I did because I finink it pushes on fine idea we’ve been working on all along

about orbits being fine result of a dynarrnic between gravitafional attracfion and tangenfial
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velocity. I’m searching for somefining that causes us to finink about orbits in terms of finese two

components. I wish I had tried asking about orbifing space craft, why finey didn’t crash to Earfin

now because of course in the quesfion I did ask I’m asking fine children to construct a false

argument-fine Earfin-Sun system was always in orbit, always in mofion.

The next two classes are not transcribed. They were furfiner explorafions of the finings

children brought in about fine Moon and ofiner bodies of fine solar system. The quesfion of orbits

was really tabled unfil fine next Monday, March 30fin when it returned. Obviously we didn't end

talking about planets at the end of the week like I had planned. On Wednesday fine 25fin I

finought finings were petering out but finen on fine 26fin finey got going again when people started

talking about fine evolufion of the solar system and a couple kids shared books wifin pictures of

Jupiter’s and Saturn’s nnoons from fine flybys.

Defining words, making statements ofknowing: The development of uncertainty.

On fine 30th two really interesfing finings happen. The first is a discussion in which fine

children define fine word satellite. They have done finis type of discussion a number of fimes in

finis unit, about fine meaning of fine words orbit and astronaut for instance. This conversafion

about satellite is quite long and shows a nice inteplay of defining a word by what it is, what it

represents througln its intersecfion of meaning wifin ofiner words and also comparafively, by how

it’s different from other concepts. So defining finrough difference and finrough similarity. This

sort of conversafion like fine one between Ricardo and Yong Sun could only happen I feel,

between children who want to understand what fine other is fininking not just push fineir own

ideas. This sort of connected fininking which leads to crifical fininking is quite different from fine

creafive tension which is fine result of a Foucault-style discourse community. These conversations

are based on a respect for each ofiner rafiner finan a desire to dominate.

The second fining that happens is an interesfing return to quesfions about planetary

orbits. The two children talking in finis conversafion, Jin and Joey, are arguing from posifions of
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certaintynthey both argue finat they "know" what finey are claiming about fine manner that planets

orbit about each ofiner. When I say "certainty" I mean as defined intellectually in the Wittgenstein

sense—the children think finey know and believe they can defend their ideas logically but also

emofionally or tacifiy in a more Heidegger-like manner. Each childfeels finat orbitals must work a

certain way. This feeling is not seated in fine intellect but in a more spiritual place or emofional

place, like Arrnina cifing god. The Heidegger and Wittgenstein forms of certainty are brought into

play wifin each other because fine children are making claims in their attempts to communicate to

each ofiner. Because each child has to try to truly understand fine ofiner's argument in order to

argue against it, certainty is recast as uncertainty. This is an important quality of my community.

It is an illustrafion of how I try to use conflict to strengthen fine community, strengfinen fine need

people with different ideas and opinions feel for each ofiner. Because certainty can be recast as

uncertainty, fine children can value their differences. This is a community based upon differences

between people rather than on likeness.

We start fine class wifin me reading something of Arrnina's on fine Moon. In finis book fine

Moon is called a satellite. I ask fine class if they understand fine word.

Daniel: I don't get it . . .

Teacher: What? The word satellite? It says fine Moon is a satellite finat revolves around

the Earth.

Daniel: What I don't get is, how does a satellite revolve, usually satellites take pictures.

Yong Sun and ofiner children start searching in fineir science books. Daniel looks in his

book on fine Moon for a picture to illustrate his idea of what a satellite is then he shows us a

picture of Skylab. Yong Sun finds what he wants in the book and reads it: ”We will soon send a

satellite into space and it will help us look at stars and idenfify finings finat have moved, so finat's

one kind of satellite, one that takes pictures like Daniel said but fine Moon is a different kind of

satellite, and fine Earfin is a satellite too.”

Daniel: Why would fine Moon be a satellite if it didn't do much . . .

Teacher: Yong Sun how can all finree of finose be satellites, what is a satellite?

Yong Sun: Well it's just like one word can mean different finings.
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Daniel: What special work does fine Moon do?

Yong Sun: Well it sort of does fine same fining, it kind of goes around a planet.

Daniel: Yeah but how can . . .

Teacher: Wait can Ijust ask somefining? Are you saying finat it's a satellite because it goes

around a planet?

Yong Sun: Yeah like fine Earth goes around fine Sun . . . . I'm not really sure why finey call

the finings wifin cameras a satellite.

Daniel: How could, um, if fine Moon is sirrnilar to fine, um, to a regular satellite, how could

it take pictures?

Yong Sun: It doesn't take pictures.

Daniel: Then why did you say it's similar to fine um . . .

Yong Sun: I didn't say that everything is fine same!

Teacher: What do you finink, if you used Yong Sun's defirnifion finat it goes around

somefining else, why would fine fining finat takes pictures be a satellite?

Daniel: That's what I don't get, why would finat be a special kind of word, 'cause fine

Earfin and fine Moon do the somefining . . .

Teacher: Go around somefining.

Darniel: . . . And usually a special word is where you do finings differently.

I ask what is special about fine one type of satellite from fine ofiner type. Joey says finat he fininks

fine Earth is different from fine ofiner planets because it is fine only satellite finat can support life.

Jin disagrees with finis. He says finat he heard on fine news finat while finere may not be life on

ofiner planets now there might be in fine future. Everyone finds finis argument very interesfing.

After some discussion, I ask, if Joey’s comments helped Daniel finink how fine Moon, Skylab and

Earfin could all be satellites and sfill be different. When Joey repeats his statement, sliglntly

doctored to pacify Jin, Dembe starts in:

Dembe: In fine newspaper, it said that some aliens finey were buried under fine Empire

State Building.

Teacher: What does finat have to do wifin finis?

Dembe: Well I finink finat finere are some things living on other planets right now.
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I included finis last interchange between Dembe and myself because I finink it is an

especially vivid illustrafion of how finis whole unit was a play off of fine finings/knowledge

children brought in from elsewhere. And like with Dinosaur Stories (next chapter), fineir

irnformafion is mixed in quality. Science ficfion plays off being scienfifically plausible. It is also

an example of another side comment such as I wrote of earlier concerning Ricardo's statement

about what would happen to sharks if finere were no gravity. In finis instance fine whole class

000's and ah's and we just leave it. I finish my part in teaching this unit, however, after one nnore

week and a student teacher confinues. I suggest to him that he take finis topic and work wifin fine

children to construct science ficfion stories-experimenting wifin teaching science in finis manner.

So finis is an example where a side comment is left for fine moment but returns as a more central

topic. Anofine example of that process are fine irnifial comments about birds flying by Amina

which finen become central a few days later.

I summarize fine discussion between Yong Sun and Daniel and Joey and then finrow in a

litfie demo of my own. At fine end of my summary I have Ricardo run around Joey to

demonstrate a satellite. Joey is by far fine snallest child in fine class.

Hana]: Ricardo's a satellite.

Timmy: That's wrong, that's wrong, finat's wrong! Ricardo's bigger than Joey!

Teacher: What difference does that make?

Timmy: It means fiat if he's bigger, it can't go around, it means that Joey's got to go

around him . . .

Jin, Ricardo, Dembe all don’t finink it matters. Actually, of course two bodies orbit

around a fulcrum point (barycenter). Fortunately, I didn't finink to try to get finem to connect finis

to levers or we would sfill be at finis. Timmy repeats: "It's just like fine Sun, fine Earth goes around

fine Sun, fine Moon goes around fine Earth . . . " I ask why finat is, why does fine smaller go around

fine larger. Timmy says because it's bigger. Sook Chin adds fine Sun has nnore gravity and fiat's

because it's bigger. Timmy says finat finis "is like a pattern." I finink he's saying fiat somefining

large can go around somefining small if it has an orbit.
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Ricardo ”kind of agrees and kind of disagrees" with Timmy. Timmy repeats his

argument but says he ”just doesn’t know" what he fininks of Sook Chin’s explanafion. Next

Dembe, who agrees wifin Timmy now, adds her logic.

Dembe: I finink it's big and if it's big it really weighs too much and it can't really go

around.

Teacher: That seems to be a lot like what Sook Chin said but, anyway I'm sorry go ahead .

Dembe: And then I disagree with Ricardo but I agree wifin Timofiny, I finink finat small

finings have to go around big finings because big finings can't go around small finings, for

one thing the Sun, I finink it weighs too much.

Timmy: If fine Sun went around fine Earfin, it probably could burn us.

Dembe: Yeah because it would get too close and stuff.

Then there is a short animated discussion of fine ways we would all die if finis were to be

true. But back to naking sense of Timmy’s asserfion . . .

Teacher: I don't understand that, finat doesn't make any sense to me, I mean if the Sun

goes around the Earth or the Earfin goes around fine Sun, it sfill seems to me finat they'd

sfill be far enough apart so that we wouldn't burn up.

Timmy: No because if the Sun, the Sun went around fine . . . see fine Earfin goes around

the Sun and it can go in its orbit, and it goes around but if fine Sun went around fine Earfin

finen fine gravity from fine Earfin . . . Ijust don't think it would work, if it went fine ofiner

way fine Sun would get, I don't know how to say it, I know it would be just burning up

but I don't know how to explain it.

Alice: I disagree fiat it might burn you because when fine Earfin goes around the Sun finen

that's just like the Sun going around the Earfin because finat's just like the Earfin moving

around the Sun, finat's turnirng like fine Earfin usually does so it wouldn't burn us and if

the Sun goes around the Earth it would be like fine same fining.

Timmy: There's just got to be something wrong or it wouldn't matter.

Teacher: So Alice why do you finink the Earth goes around fine Sun?

Alice: Um I'm not sure I just know that it doesn't matter which way it goes, if the Sun

goes around the Earfin or the Earfin goes around fine Sun.

Yong Sun: I disagree wifin Timofiny finat we'd all burn up . . . 'cause fine Earth has an orbit

and if the Sun went around the Earfin, the Sun would have an orbit too.

Timmy: Yeah but fine Sun doesn't have an orbit finat's why, and also finey've gotten

somefining wrong ofinerwise it wouldn't matter which way it would go so I revise what I

said and say now finat somefining’s got to be wrong or else fine Sun would go around fine

Moon or somefining, somefining’s got to be wrong or I don't know . . .
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I remind him of Sook Chin’s explanafion and fiat seems to pacify him for a moment. But

finen a whole new argument starts. Joey returns us to the point of orbits of planets wifinin ofiner

orbits. Because of finis, larger planets do go around smaller planets. ”I disagree wifin Timmy finat

fine Moon can't go around fine Sun because in our science book Mars and Mercury are smaller

finan Saturn and it sfill goes around them, it's in a different orbit . . . ” Jin gets very excited about

finis. He disagrees: "No, if finis was Mars and it had a different orbit and Saturn was going

around it finen Saturn would be like finis . . . ” and draws a picture.

O o 0

Joey says again: ”It's in a different orbit here's Saturn and here's Mars right finere [points]." Jin

sfill disagrees and keeps interrupfing Joey as he tries to explain. So I draw a picture which is like

fine one in the book of fine planet’s orbits around fine Sun. I ask Joey if finis is what he means. "So

here's Mercury, it's going around fine Sun but in order to go around fine Sun, Venus has to go

around Mercury and fine Sun, is that what you're saying?” Jin, finough, confinued to argue for his

interpretafion of Joey’s words. ”Yeah but he's saying finis is Mars and finen it has its orbit and

then here's Saturn’s orbit and finen here's Saturn. I finink that's what he's saying.”

Joey: Here's Saturn and in order to go around fine Sun it has to go around bofin of finem

just to go around the Sun.

Teacher: Well I finink finat is true if finis is what you're saying in my picture not in that

picture?

Joey: Yeah finat's what I'm saying.

Teacher: 50 it's going around the Sun as well as going around something snaller finan it.

Joey: Um hum . . .

Jin: Well if it's going around it finen it has an orbit by it, you know.



213

Jin gets more insistent in his disagreement and Joey gets more vehement in his

explanafion of his argument. ”NO, if I'm, ah, a planet and finen someone else is I'll sfill be going

around it and the ofiner person's just in a different orbit, or a different place!”

Jin: If it goes round the planet it has to go like finis . . . [Hegeture with his arms that the

planet would circle around the other planet as well as around the Sun.]

Joey: No it doesn't, I can walk around you but far away.

Jin: I know but you're sfill going around me.

Joey: I know so it's sfill going around finose ofiner planets

Jin: But fine ofiner planet has to go around it like that . . . closer to it.

Joey: No it doesn't, I'm far, very far away and you're the different planet, I go around you

and it's not, it's not, and you say you're not going around me I'll sfill be going around just

from farfiner away.

Jin: No 'cause if I were moving finat way and you were moving finis way you'd be going

like finat . . .

Joey: No because if you wee fine planet and I was Jupiter no not finat one, Mercury and

finen you'd be moving too the same way but I could sfill be going around you.

Jin: I know but but you're saying that going around like finis going around fine planet.

Joey: No I'm saying it can sfill go around a bigger fining just in a different orbit.

Jin: I know but like finis is sfill a different orbit, you're saying it goes around fine Sun and

fine planet so it would go like finis like finat.

 
Joey: No 'cause if it's going around Venus or Mercury it would go around both of finem or

Venus wouldn't even go around the Sun.

Jin: But you said um, that it goes around the planet and fine Sun so it has to go like finis?

Or like that or somefining like that . . .
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Now finis one is true, but exaggerated and Jin has now modified his theory to

accommodate Joey's but finey confinue to argue unfil I have Joey, Ricardo and Jin demonstrate

Joey’s model. I summarize and everyone agrees wifin Joey. But finen it starts up again when

Dembe draws finis picture to explain why a large thing can't go around a small fining.

Jin says agairn finat if something large were to go direcfiy around fine Earfin it would crush

fine Earfin, Joey is adamant, I stop fine argument and ask them to all write in fineir notebooks what

finey finink of what Joey, Jin and Timmy are arguing about, finen I polled and almost everyone

said finat litfie could go around big, Alice said she's sfill fininking about it, Sook Clnin has

converted, Denbe isn't sure.
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Conclusion: The role of the community.

In finese classes with fine finird grade as in finose in fine first and second combinafion, fine

shape of conversafions and the qualifies of fine community are intertwined wifin each ofiner and

wifin fine science. The difference is in my purposes, my role in fine two contexts. In fine latter class

my role is primarily reacfive on a superficial level-around fine science. My role is proacfive-I try

to instanfiate values finat I hold around how children should treat each ofiner. The children and I

negofiate fine science that is talked about because I hold finese values about fine way people should

interact-there is a dependency between fine discourse which springs from these values and fine

science we are doing. This is also true in fine finird grade except my proacfive role extends to fine

science content. I am quite acfive trying to shape and center fine science. The discourse in sonne

senses follows finis. Because I wish to stay wifin parficular ideas and get to parficular places in our

fininking about finose ideas, fine discourse patterns have changed. I encourage and sfimulate

conflict. This feels at odds wifin my ideals and values about how I finink people should respect

and value each ofiner. Because I will not give up finese ideals, I reshape fine science to allow finem.

The community in finese two classes is, I finink, characterized by children entering

imaginafively, intellectually, empafinefically into one another's concepfions of the world. This is

done in order to understand each other. This fininking becomes crifical. This is common to bofin

classes. The entry point to finis is different. In the first and second grade fine progression of fine

community is as simple as described above-listening and hearing each other, finen fininking

crifically. In fine finird grade from fine start the crifical and connected modes of fininking inter-

finger. This is a reflecfion of what I am doing, fine choices I make. I work in these classes to keep

ideas problemafic, to generate conflict. I do a balancing act between finis and my more

fundamental values about how people should treat each ofine. The ways fine children express

finemselves and interact reflect finis. A crifical quality of finis is how I use conflict in fine class to

increase fine children's need for each ofiner. The children express different ideas and logic in fineir

ways of fininking. Rafiner than divide fine class into facfions, differences strengfinen fine need each
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child feels for anofiner. By hearing an opinion fiat is different from your own but is respected, it

can cause you to quesfion yourself and modify your fininking. This process is valuable when it is

around something engaging, important. Again finis cycles back around to fine tension I feel in

taking a proacfive role shaping the science. To keep conflict a strengfinening quality of fine

community, I must keep fine focus of fine conflict of fine clnildren's own choice. There is no

resolufion in finis. It is a tension.



CHAPTER 5

TEACHING: KNOWING AND LEARNING

In finis chapter I argue that a teacher's pracfice reflects bofin arficulated and unarficulated

knowledge. Praxis proceeds from fine personal epistemological standpoints of fine teacher. This

knowledge is constructed from fine teacher's prior experiences and finerefore is only parfially

applicable to parficular situafions in fine classroom. The immediate circumstances in which

teaching occurs present different and unique qualifies from finose in which knowledge and values

were created. The classroom environment is also an interacfive one. The teacher is, finerefore,

confinuously confronted with fine inadequacy of her krnowledge. The circumstances and

children's acfivifies tell her finat she needs to do finings differenfiy. In finis situafion, fine act of

teaching as an asserfion of knowing becomes a recognifion of not-knowing. Teaching becomes an

occasion for learning about subject natter, children, self. I offe two examples of teaching in a

first grade classroom to give finis argument substance.29 One focuses on an example from my

teaching in which parallels between scienfific fineorizing and story telling are drawn and

capitalized upon. The second story is about, fine teacher I have collaborated wifin in first and

second grade, Kafiny Valenfine's teaching of a social studies unit in which fine words "fact" and

"opinion" are examined while reading biographies of fine life of Martin Lufiner King Jr. This

became especially problematic because finis instrucfion occurred during fine recent Gulf War

when issues of tolerance and prejudice took on more fian philosophical meanings.

 

29The teaching described in finis chapter occur in first grade in fine year previous to that described

in fine rest of finis finesis. For a full descripfion of the school, classroom and children please see

Appendix I and II.
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Like Jin and Joey in fine last chapter, when acfing, talking, teaching in my classes I expose

the finings finat I think I know. Again like Jin and Joey , I am exposing finis knowledge in a context

changing, in flux, one defined as social. Through finis process I am recasfing finose known finings

as unknown, as quesfions. The acts of teaclning are acts of making asserfions but finese asserfions

quickly become conjectures subject to revision and change. They become opportunifies for

Ieaming. When teaching I am often surprised when I realize fine finings fiat I am teaching, am

learning, finat I know. And I have noficed fiat ofiner teachers are too. When we teach, we act on

assumpfions founded in knowledge: knowledge about children, curriculum, teaching. This

knowledge is an assumpfion—unarficulated, unacknowledged—because it has beconne translated

into a value, something we have decided is ofvalue and no longer finink we have to defend. This

knowledge has passed from fine intellect and has become beliefs and emotions which are

unquesfioned, felt to be true. But when we are teaching, finings happen to make us aware of

finose assumpfions; to make us finink about and quesfion finem and fine values on which finey are

based. This quesfioning and subsequent learning occurs because of fine social, interacfive

qualifies of fine classroom.

The teacher as well as the children are members of a community. A community contains

people who share some goals, purposes,values, ways of acfing and communicafing, but not

ofiners. The basis of a community is similarity on one or nnore dimensions--wifinout similarity a

commurnity would not exist, could not funcfion. The driving force, however, the life force behind

a community is difference-we need each ofiner because we are different from each ofiner. When

we act in a community, we act on an assumption of similarity but often finose acfions expose our

differences. This exposure mofivates change, in ourselves as we learn from finis and in fine

community as its members evolve. This process is fundannental to my classroom. I try to detail it

from the teacher's perspecfive in finis chapter.

In finis chapter I argue that fine knowledge base of teachers is bofin the foundafion upon

which they are able to teach and also a velnicle finrough which finey are able to learn because

through teaching they come to quesfion finat knowledge. Teachers know many finings and finey
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base their teaching upon finis knowledge. Translafing knowledge irnto teaclning involves making

choices which are based upon fine teacher's values and beliefs. Teaching is inherenfiy interacfive

and social. Because students don't share eifiner the knowledge, fine experiences upon which finis

knowledge is formed, or fine teacher's values when she translates what she knows into

curriculum, the teacher is confinuously reassessing, reforming her knowledge arnd values. The

specifics of the context in which she is using her knowledge challenge finat knowledge.

There is an increasing body of work in which researchers and pracfifioners write about

the ways in which teacher’s personal and professional selves evolve.30 In ofiner wrifings,

teachers tell us how fine domains of knowledge finey bring to teaching are broadened finrougln

fineir teaching.31 Much can be said about fine sources of finese ”ways of knowing." In general

bofin personal and professional values and belief systems derive from a variety of sources but

especially from lived experience.32 These personal experiences and fine memberships in socio-

cultural groups which create finem, define a person’s epistemologic standpoints from which fineir

beliefs, values, acfions are derived. These epistemologies are created and naintairned emofionally

as well as intellectually.33

I am arguing in finis chapter finat finrougln teaching we are forced to arficulate and act

upon our values and beliefs in a context different from the ones in which they were formed. In

doing finis our values and beliefs are altered because of finis new context—which includes

interacfion wifin students-and finrough fine act of arficulafion and fine self-awareness finis entails.

 

30 For example, Michael Connelly and Jean Clandirnin (1990) Stories of experience and narrafive

inquiry. Mark Johnson (1989) Embodied knowledge. Vivian Paley (1979)White Teacher .

Shirley Brice Heath (1983)Ways with Words: language, Life, and Work in Communitie and

Classrooms. 1983.

31 Examples are: Deborah Loewenberg Ball (1990) Halve Piece and Twoths: Constructing

Repreentational Contexts in Teaching Fractions . Timothy J. Lensmire (1992) Intention, Risk, and

Writing in a Third Grade Writing Workshop,.

32 Sandra M. Harding (1991) Whose Science? Whose Knowledge? Thinkingfrom Women '5 Lives;

Mary Field Belenky, Blyfine McVicker Clinchy, Nancy Rule Goldberger, Jill Mattuck Tarule

(1986) Women '5 Ways of Knowing: The Development of Self, Voice, and Mind; John Dewey

(1902/56) The Child and the Curriculum.

33 Two references which I have found parficularly helpful to me in forrnulafing finese ideas are:

Jurgen Habermas (1991) Moral Consciousnes and Communicative Action. Hannah Arendt (1978)

The Life of the Mind .



220

I write about two elementary scth teachers, myself and a woman that I work wifin,

Kathy Valenfine, who know a lot about certain things. I know a lot about science and about how

to teach science-I have had my Ph.D. in geology for ten years and have been teaching science to

children and young adults since 1978. Kathy knows a lot about teaching small children—she has

been an elementary school teacher for 13 years-and about literacy and social studies instrucfion.

I will argue, in finis chapter, finat as we teach finese "finings" fiat we know so well to children, we

bofin purposely and iradvertently expose to ourselves finings finat we don't know. This is a

funcfion of bofin how we are teaching-with "social construcfivist" rrneans and ideals» and what we

are teaching. Bofin process and content become problenafic finrougln teaching. When we expose

finese areas where we don't "know" the right finings in fine right way, finat exposure occurs

simultaneous with learning. This nakes it hard to arficulate what is "learned" because it doesn't

really occur isolated from previous knowledge or from fine context in which learning occurs.34

But what does happen is finat new meanings of our choices and values become apparent to us.35

I will present two stories of teaching, one by Kathy Valenfine and one by me to illustrate

my argument. The first story focuses on my teaching a unit about scienfific fineory-making-fact

and opinion in science-by having children research and write stories about dinosaurs. This

raised quesfions for me about process and about literacy instrucfion. In fine second, Kafiny is

teaching a unit on Marfin Lufiner King combined with a part of fine social studies curriculum in

which fine meanings of statennents are assessed as "facts or opirnions.” This teaclning occurred

during the recent war in Iraq. This context and the context provided by fine children in the

classroom infused fine substance of fine unit wifin intensely felt meanings which becanne quite

problenafic as ideas were shared. In all cases, the teacher's knowledge of 'how to teach" enabled

learning about the children, the subject matter, and our own purposes in naking certain

curricular and pedagogical choices.

 

34 Donald Schon (1990) "The Theory of Inquiry: Dewey's Legacy to Educafion".

3’5 Joseph J. Schwab (1976) "Educafion and fine state: learning community".
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First story: Dinosaur stories-Substance or process, choosing instructional goals.

I decided to teach about dinosaurs and prehistoric life in finis first-grade classroom

because fine district science objecfives required it This requirement was rafiner simplisfic: It asked

that at finis grade level children be introduced to ideas of geologic fime scale and fine fossil record

and be exposed to dinosaur names. I was interested in enabling the children to finink crifically

and creafively in science and about science. This was really fine sub-text or maybe fine "real"

curriculum for finis unit: fininking about where scienfific krnowledge comes frorrn, how it is

constructed, how clues and parfial knowledge can be put together to create somefining wifin fine

somefimes misleading appearance of coherence and completeness. Using dinosaurs for finis is

parficularly powerful, I finink, because a lot of material about dinosaurs available for children is

of varying quality and scientific orientafion.36

I decided to teach finis unit on dinosaurs using fine parallels between story wrifing and

scienfific fineorizing, story reading and interpretafion, and fine reading and interpretafion of fine

naterial on dinosaurs found in trade books. If children were to engage irn construcfing stories

about fine lives of dinosaurs using fine parfial evidence-reconstructed morphology, environment,

associafionsuof scienfists they would be parficipafing in realisfic scienfific acfivifies. The

children, in sharing fineir stories with each ofiner, would subject fineir fininking to fine crifical

inquiry of myself and their peers. I envisioned fine vehicle for finis unit to be similar to units

Kafiny had done on story parts and fine interprefive reading of stories and descripfions I had read

of wrifing workshops.37 I had hoped to be able to use finese structures to frame our crifical

assessments of the children's scienfific thinking.

 

36 I beleive finat people in general nake sense of fine world and fineir lives finrough fine use of

stories and of story telling. An example of a teacher making similar use of story telling in fine

classroom to make sense of children is Vivian Paley (1990) The Boy Who W ould Be a Helicopter. I

am also extending finis idea to help my understanding how children finink about subject matter

and I am using story telling as a tool to challenge finese understandings-J also teach fine subject

natter through story telling.

37 Donald H. Graves (1983)Writing: Teachers and Children at Work; L.M. Calkins (1986) The Art of

Teaching Writing; Arfinur N. Applebee (1986) "Problems in process approaches: Toward a
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I started the dinosaur unit with talk about fine things finat fine children knew or thouglnt

they knew about dinosaurs and the sources of that knowledge. I wanted to see fine range in fine

sophisficafion of fineir knowledge. Then we talked about whefiner or not fiat knowledge was fact

or fineory or ficfion and how finose start to blend together when talking about somefining like

dinosaurs. I parficularly used fine words "fact," "fineory," and "ficfion" wifin the clnildren because

of fineir importance to my goals in finis unit and to connect finis unit to ofiner teaching finat Kafiny

had been doing all year in language arts and social studies.38 I wished to know what fine

children understood about how ideas about dinosaurs-how finey lived, what finey did, how finey

looked—were constructed. I also wanted to open up fine discussion to include ficfionalized,

fantasy dirnosaur stories because, to me, finis is on a confinuum wifin fine scienfific fineorizing. And

I wanted people to start fininking about fine criteria finey should be using to judge dirnosaur

material. This became a discussion of fine movie The land Before Time.39

I asked the class what kinds of finings finey had found out about dinosaurs in The land

Before Time. Maria Theresa said that she learned fiat sonne dinosaurs were egg eaters. Bulli told

us fiat finere are big dinosaurs fiat eat little dinosaurs. Claire added, "It was a tyranrnosaurus

rex!" I responded fiat The land Before Time was a story that sonneorne has written just like Charlie

and the Chocolate I-‘actory‘10 (the children were reading finis in class during story fime). I said bofin

are stories and both have authors. Kyong Min, finough, disagreed, "Its not real . . . " So I asked

her how she knew fiat Charlie and the Chocolate Factory wasn't real. She responded by lisfing

finings in the story finat are components of fine fantasy. The children debated whefiner finings fiat

were considered plausible had to be real also. Then finey talked about why finey finouglnt some

things were plausible and some finings weren’t. Ofiner children wanted to confinue talking about

finis and I also thought it was important irn finis context. Part of Roald Dahl’s power is, I finink,

 

reconceptualizafion of process instrucfion"; J. Willensky (1990)The New Literacy: Redqining

Reading and Writing in Schools.

38 An example of Kathy's teaching in which finese words are used is fine next story in finis chapter

concerning Kathy's teaching of fine life of Marfin Lufiner King Jr.

39 Steven Spielberg, George Lucas, Kathleen Kennedy, Frank Marshall (1988) The land more

Time.

40 Roald Dahl (1964) Charlie and the Chocolate Factory.
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finat his fantasy is stretched trufin, caricatured reality. Things finat people and especially children

really do contemplate. That is also, I finink, fine power of children's dinosaur stories and finese

sorts of conversafions about what we believe and why and were what I wanted finis unit to be

about.

I returned fine conversafion to The land Before Time and what was real or stretched trufins

or fantasy in finat. The clnildren said finings like, "dinosaurs are real . . . finey did lay eggs . . . eat

meat . . . take care of fineir babies." Each finne finey said finese finings I challenged their statements;

"How do you know fiat though?" and fine children responded wifin statements about fineir beliefs,

magic, the evidence presented in fine story, or constructed by the children from other experiences.

I summarized fine children's discussion about what was real or not, what might be real,

and why fine children thouglnt that. Then I set up the construction of our own stories by

reviewing fine unit they had done in language arts on story parts-setting, characters, problem,

resolufionuusing finese to bofin construct a story and interpret stories. We went from finis to fine

preliminary construcfion of a story about fine dinosaurs depicted in the mural, The Age of

Reptiles.41 This involved nnore crifical fininking and surfaced more of fineir ideas about dinosaurs.

I asked fine children to start talking about what they finought finey saw going on in fine picture and

gradually helped finem to weave a story out of that. I would also periodically interject "why"

quesfions into finis. For example, when finey said a parficular dinosaur was doing somefining, I

would ask finem why they finought finat and, finen, why they finought finat the arfist felt able to

depict fine animal in that waynreconstrucfing their logic and then fine arfist’s logic.

The next fining we did in class was from a handout from a "Ranger Rick" publicafion on

dinosaurs42 which depicts nine pictures of different dinosaurs and setfings like a volcano and a

mesa finat they could cut out and rearrange into different orders to make stories. After fine

children constructed fineir stories, I asked each child to present it to fine rest of fine class. This was

done by children arranging large versions of the pictures on fine board at fine front of the room

 

41 R.F. Zallinger, The Age ofReptile.

42 Judy Brans ed. (1989) Ranger Rick's NatureScope: Digging into Dinosaurs.
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and then telling fineir story using fine pictures as props. Then finey took quesfions from fine floor.

The quesfioners usually asked fine clnild to clarify some point or give more details or defend fine

sequence in such a way that the result was an enlargement of fine story and fine story’s logic. This

was in essence a rewrite. On a subsequent day, I read back a number of fine stories and fine child

each finne revised again and again interacfively wifin the class.

Farzoneh started us off. First she arranged her sequence of pictures on fine board, finen

she began to present her story. I wish to give a full text of her story presentafion because it shows

how, as an interacfive social event, fine presentafion becomes a constructed act of story wrifing.

The quesfions and addifions fine class contributes in finis piece of dialogue are extrenely

important components in fine science and in fine process of wrifing. My focus, finougln, was fine

science.

Farzoneh: First tyrannosaurus comes and finen finey see it, but they have to run away,

then he sees it. This guy sees it and then fine finunderstorm comes and finen fine mofiner

comes and she sees fine babies are hatching. The babies look at fine sky because of fine

finunderstornn. They have to run away but they can't so finey try another way but finey

can't swim and finen fine volcano erupts.

Teacher: And finat's fine end, fine volcano erupts? Okay, let me see if I can say it. The

tyrannosaurus rex [points] and fine herd of hadrosaurs see tyrannosaurus rex and finey try

to run away and then fine pteranodon sees tyrannosaurus rex, then finere is a

thunderstorm and fine mother triceratops is in fine finunderstorm and she sees finat her

babies are hatching and she wants to get finem away from fine thunderstorm but finey

can't go by the rocky cliffs, fine rocky cliff is in the way and finey can't swim so finey can't

get across the water hole and there's a volcano too . . . Very nice story, I liked finat story

[we clap]. Everybody, Farzoneh is sfill up finere and she will answer your quesfions. I

personally would like to ask first of all who are fine characters in the story?

I ask some quesfions using fine story parts fiat Kafiny has introduced to fine children, as

tools to help develop crifical reading skills. I wish to model a form of crifical quesfioning which

would lead to elaborafing and rethinking fine stories. I am interested in developing fine clnildren's

fininking around fine content of fineir wrifing rather finan fine mechanics of wrifing. My interest is

not so much in fine literary value of their stories but in fine scienfific. Then ofiner children started

asking quesfions. These quesfions, finough, were usually about why Farzoneh had nade fine

narrafive choices finat she had trade intertwined wifin discussions of altemafive choices and fine

variafions in reasoning that might lie behind finose choices.
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For example, Tatyana asked Farzoneh why she had put fine picture of fine tyrannosaurus

where she had and finis led to a discussion between fine two girls, Clnen, Cory, and Claire about

the predatory habits of tyrannosaurus and whefiner or not the mofiner triceratops would be wifin

her young and if so whether or not she would be helping finem and how. I push finis along by

asking: "Would the mofiner triceratops take care of her babies or do the eggs just hatch and fine

babies are all by finemselves? How do you know finat the nnofiner triceratops is going to take care

of her babies?" Farzoneh replies: "'Cause she doesn't want them to die . . . ."

Teacher: She doesn't want them to die? But some animals lay fineir eggs for fineir babies

and then fine babies are born and they're not finere, fine mofiners and fathers aren't finere.

Birds have fineir eggs and fine babies hatch and fine mofiners take care of the babies but

snakes don't. Snakes lay fineir eggs and fineir mothers and fathers go away and when fine

babies hatch the babies are all by finemselves . . .

Chen: Alligators do.

Teacher: Alligators . . . do finey leave fineir babies all alone or do they take care of finem?

Chen: They don't take care of them.

Teacher: They don't take care of finem? You're saying fiat the mother triceratops was

finere when her babies hatched. Do you know if that's true? [Farzoneh makes aface.] You

think finat might be true? Is finat a guess, a fineory? [yee]

Kyong Min: How do you know fine mother dinosaurs take care of their babies? How did

the dinosaur know finat fine babies would be born?

Kyong Min and Farzoneh talk for a short bit about why Farzoneh finought fine mofiner

was taking care of the babies but Tatyana wants to know more about the nanner of fine

interacfions between the rrnofiner and young, "How come you need to put the mofine's swim with

the babies. How come she swims, why did you put it right there? Why did you put fine babies

over there and not over finere?"

Farzoneh: Because I finought when she was, she saw fine finunderstorm she was running

and she saw her babies hatch.

Teacher: Oh, I see so she was running and then she saw fine babies hatcln. She didn't run

over to see if fine babies hatched? Oh.

Farzoneh, in essence, reconstructs her story as she talks about her choices, her reasoning,

the science with fine rest of the class. This confinues irn fine next class which I open by reading a
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transcribed version of Farzoneh's story. But Farzoneh has decided she wishes to tell it herself a

different way.

Teacher: This is Farzoneh's story. There was a tyrannosaurus coming. And a herd of

hadrosaurs saw it and ran away. A pteranodon saw it and flew away. Then a lightning

storm came and scared fine tyrannosaurus away. A nnofiner triceratops was scared by fine

lightening. As she tried to run away, she saw her eggs were hatchirng. She and her

babies tried to run away but finey couldn't climb over fine rocky cliffs and finey couldn't

swim across the water hole, so first fine babies died in fine volcanic erupfion and finen fine

mofiner died. And fiat's the end. Farzoneh has revised some of her story and she wants

to tell you her new version of fine story. She's kept fine pictures fine same but she's

rewritten fine story. She's revised it.

Farzoneh: First he comes to eat finose but finey look at him because he's coming to eat fine

babies.

Teacher: Oh fine pteranodon is coming to eat fine babies?

Farzoneh: So the stor [?] comes and then he has to run away but he ate fine babies so she

can't find finem, she went, she wouldn't go and find her babies but she didn't care so she

went here, but she couldn't go over fine rocky cliffs so she went here, but she couldn't

swim and finen she, fine volcano came and finen . . . but finey sfill didn't die, only fine

babies did because he ate them.

Teacher: 'Cause fine pteranodon ate finem?

Farzoneh: And finis because she went close . . .

Teacher: So now fine story is the tyrannosaurus . . . .There was a tyrannosaurus and fine

hadrosaurus saw him and ran away, and pteranodon canne and fine pteranodon tried to

eat fine baby triceratops and fine mofiner, is finat fine mofiner or fine father triceratops now.

IFarzoneh answers: "Mother. '] The mother triceratops came looking for fine baby

triceratops and couldn't find them and she looked and she looked and she looked in fine

rocky cliffs but she couldn't really get over finem because finey were rocky cliffs and she

couldn't find them and she looked by fine water hole but she couldn't go any furfiner

looking because fine water hole was in fine way and finen fine volcano came and what

happened with the volcano?

Farzoneh: The babies died because of him [the pteranodon] and fine mother died because,

um, she was close to fine volcano.

Teacher: Ah, so fine babies are dead because fine pteranodon ate finem and fine mofine

triceratops died in fine volcano. Do you want to answer some quesfions? [many children

murmur "sad ending "] Those are comments do you want to take comments too Farzoneh

or just quesfions?

Farzoneh: Comments and quesfions.

Cory: That's a sad ending, finat's my comment.

The children again start quesfioning Farzoneh's narrafive and debafing fine reasoning

behind it. Bulli asks: "Um, why did fine, wait a second, I finink fine pteranodon, um, oh why did
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he eat the babies?" Arnd I ask: "Is fine quesfion Bulli, is fine quesfion why did fine pteranodon eat

fine babies or why did Farzoneh finink finat pteranodons would eat babies?" Bulli wants to krnow

fine second but Ok Ran fine first. "I finink it really was hungry!" Farzoneh explains. Once again I

return fine conversafion to fine debate about whefiner or not fine children know or can fineorize finat

mofiner dinosaurs look after fineir young, "How would you know finat finat might be true. I finink

fine last fime finat I asked finat quesfion and Clnen remembered about alligators, fine mofiners have

fineir babies hatch out of eggs and fine mofiners aren't finere to take care of fineir babies. Why

wouldn't a triceratops be just like a mofiner alligator?"

Kyong Min: They were different.

Maria Theresa: They're not alligators.

Ok Ran: The mofiner alligator stays with fine babies, when fine babies hatch. I saw it on a

book, finat the mother stays, fine mother stays wifin the eggs, fine eggs hatch and finen fine

mofiner is there!

Teacher: Claire can you finink of any reason to finink fiat mofiner triceratops take care of

their babies?

Claire: I'm not so sure because a bunch of people said yeah and finere aren't any people

who have seen dirnosaurs so we will never know and I wouldn't be so sure about finat.

I asked the children what sort of finings we could do to be able to say what nnofiner

dinosaurs do wifin fineir young. Paula suggested finat we look in books. Bulli and Chen said a

dicfionary. Ok Ran suggested asking their moms or dads. Claire finouglnt we could go to a

museum. I settle on looking in books: "Well you know we have all finese books over here and

maybe you guys could be looking to see if finere is any evidence for fiat. That's all finat we could

do in finis room I finink."

My role in fine story telling was to quesfion foundafional assumpfions in fine science and

fine children picked up on finis and started doing it for each ofiner also. This was, for example,

asking finem how finey knew the mommy dinosaurs looked after fineir young, how finey knew finat

cetain dinosaurs ate certain finings or behaved in certain ways or lived in certain places. This

was to generate discussion on fine content of fineir story telling rafiner than to crifique fine stories

by literary criteria. That's not to say finat fine two~fine content and fine formuweren't linked or fine
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development of fine two weren't linked because I finink finat finey were. For example Farzoneh

wrote her story so finat it opens wifin a problem, which is based upon a number of embedded

assumpfions about fine nature of dinosaurs, where finey live, what finey do, and her resolufions

are also based upon assumpfions. The way finat she moves fine story by adding problem after

problem continues finis and plays upon finis.

At the end of finis phase of story telling, I listed quesfions on a poster and said finat naybe

we needed to try to find out about them and then we looked at books on dinosaurs and modern

analogues. This was wifinin cooperafive learning groups at finis point wifin one quesfion per

group but one book per child. Each child would use a book and finen share what finey had

learned with others in fineir group and finally we had a large group discussion.

The quesfion about how dinosaurs care for fineir young or even whefiner or not finey do

seenned from fine start to be fine nnost compelling to fine children. It is also fine one about which I

could present a number of different current fineories and also pull in modern analogues to

dinosaurs such as birds and alligators so finat's fine one I concentrated on. We had a very

interesfing discussion about fine logic behind fine various fineories about whefiner or not dinosaurs

and different dinosaurs in different ways took care of fineir babies. As counter-examples to fineir

theorizing, I used modern animals. We started doing nnore research on finat topic and finen I

asked a colleague who had documented a family of hawks to come in to fine class and give a slide

presentafion about how hawks bring up fineir babies. The result was fiat some members of fine

class confinued doing research on dinosaurs and others started to research birds and all

confinued to write and share their stories. But finis final process was conceived of and used by

me to mofivate research and fininking which resulted in new wrifings, not explicit rewrifing and

perfecfing of one piece of work. In ofiner words we focused out from our wrifings rafiner than in

on fine wrifings finemselves.

This was not really what I had expected fiat we would be doing. I purposely modelled

the irnifial framing of fine curriculum of finis unit after descripfions I had read of wrifing

workshops. I found finat because I had certain goals in mind about fine substance of the children's
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wrifing finat I lad to lay aside fine workshop's wrifing-sharing-edifing-rewrifing cycle. I stopped

pursuing fine literacy aspect because I perceived the goals of fine two, literacy and science

instrucfion, to be in sonne senses anfifinefical. For example, envisioning stories as "complete

finoughts" which I understood to be one of the wrifing workshop goals rafiner finan as velnicles for

arficulafing questions. This was a disquiefing choice for me to make; I felt that in doing finis I was

forfeifing fine literacy instrucfion I had planned.

Alfinough I had planned purposely fiat fine instrucfional goals of fine unit were to be fine

creafive and crifical qualifies of scienfific fininking, I had never really crifically examined finose

values in myself. Through finis teaclning I came to do finis and to see finose values as potenfially

problematic. The child, Farzoneh, whose story is fine springboard for much of finis unit is from a

tradifional, conservafive culture in which knowledge is widely regarded as received not created

and in which a woman's place is to live wifinin that knowledge not to challenge it. Many of fine

ofiner children in fine class come from similar cultures. All of these children would be retumirng to

finese cultures. In many ways I have a finought-out polifical purpose in teaching children to be

crifical and creafive fininkers but I have done most of finis fininking in fine abstract, divorced from

particular interacfions wifin parficular children. How defensible are finese choices really? How

would I feel, as a parent, if my daughter's teachers based their instrucfion at a fundannental level

on values radically different from my own?

When I teach science to children a major belief fiat I brirng to the curriculum is that

science is a place where children are involved in active learning. There is no place for passivity in

science, no place for uncrifical knowledge. This is an important issue for me as a scienfist, for a

person who knows what it means to act as a scienfist, but also as a woman, as a person interested

in teaching girls and minorifies science. But is my urging little girls who appear to be passive irn

school to be acfive learners in a social context really effecfive? Is it okay for nne to be urging finis

on children whose success might be more dependent on knowing certain things certain ways

rather fian being crifical, creafive fininkers?
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Second story: Martin Luther King ]r-

The personal and the political in the social constructivist classroom.

This is a story about how a teacher's pedagogical acfions are infused wifin moral and

efinical choices and about how a teacher can become aware of finose as choice finrough her

teaching. To introduce finis, I will tell some short anecdotes about my own and ofiner's

experiences of schooling as polifical.

I went to junior high and high school during fine second half of fine 19605 and early part of

fine 19705. I lived in a conservafive comer of northwestern Connecficut, in a farnning town

peopled primarily by second-generafion Swedes, and a minority of English and Scotfish colonial

descendents. My social studies and history teachers came from New York or Boston. Many were

polifically acfive outside the community and frustrated by fine polifical inacfivity of fine

community.

The common joke among my peers, when we talk about American History educafion in

high school, is that classes never get beyond fine Civil War. My personal experience was finat we

never did anything but the Civil War. We would start wifin Jacksonian Democracy and end wifin

Reconstrucfion. In five out of six years we read Civil Disobedience in classes. Why was finis? I

would argue finat finis choice of curriculum relates to the polifical purposes of my teachers.

Purposes that maybe finey didn't wish to state or even defend to fine community but sfill purposes

rooted in values and moral judgements that finey were willing to act on in finis covert sort of way.

My mofiner did all of her schooling in the 1930s in Brooklyn, New York. The rrajority of

her teachers were first- and second-generafion Gernan-Jewish immigrants. Many of finese

teachers were polifically acfive, in the community, their union, nafionally, intemafionally, around

economic and social issues. They were union acfivists, finey housed refugees. These teachers

brought finese concerns to their teaching but rarely overtly, explicifiy. Usually fine polifical, moral

content of fineir teaching was submerged wifinin other parts of fine curriculum--what children read

in reading or civics and how it was discussed, what children wrote about in composifion or

worked problems on in math. Not explicit but there.
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I have a friend, schooled in econonnics and left-wing polifics who taught business

educafion to colored children in Soufin Africa. The formal curriculum concerned simple

mafinemafics, balancing check books, keeping a ledger. What he really taught was in how he

taught these finings and in parficular in the conversafions which went on in class about finis

curriculum. The curriculum was in the pedagogy as much as in fine subject-matter content.

In finese finree examples, teachers were acfing as polifical, moral agents. They were

moved to do so by fine intensity of feelings finey lad about parficular issues focussed and

acfivated by circumstances of fine fimes in which finey were teaching. These same "fimes" also

made finese moral, polifical choices around how curriculum was depicted more apparent and

potenfially more problemafic. My teachers and my mother's were often called upon to defend

fineir teaching by parents who did not agree with the teacher's beliefs. My friend, teaching in

Soufin Africa, counted on his students and fineir parents keeping fine finings going on in his class

secret.

During fine week in January, 1991, when Marfin Lufiner King Jr. Day was celebrated,

Kafiny read biographies of Dr. King to fine children. Then the children composed togefiner a

pattern book about King's life in which each sentence began wifin fine phrase: "My dream for a

better world is . . . This unit was combined wifin a unit from the social studies curriculum in

which the meanings of fine words "fact" and "opinion" were examined bofin in the contexts of fine

books being read and fine book written by the children.

Kathy's understandings of literacy teaching and teaching students whose primary

language isn't English has led her to emphasize fine structure of sentences and stories as a means

to enable bofin interpretafion and communicafion. Her pedagogy invites interacfion with fine

children, as a group and as individuals. Kathy confinued finis while reading about Marfin Lufiner

King Jr. combined wifin working on the meanings of fine words, "fact" and "opinion." This

combinafion allowed Kafiny to attempt somefining very polifical in finis class-to portray her own

moral beliefs about racism but softened by intertwining finat portrayal wifin fine social studies

curriculum. I-Ier beliefs and those of fine aufinors of the books were portrayed as personal
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opinion. Kafiny's relafivisfic portrayal of her moral views concerning racism was rraintained

through her choice of process in which she expresses her beliefs about fine development of voice

in fine children. The children have ideas finat differ from Kafiny's and the publicness of finis

sharing and debate was heightened by circumstances: fine Gulf War. This created dilemmas-fine

substance of finis unit was problemafic to some parents of children irn fine class, particularly wifinin

fine context of fine Gulf War. There are children in fine room and in the school from Iran, Palesfine,

Israel, Saudi Arabia and Kuwait. These clnildren brought fineir own and fineir families beliefs

about racism as experienced in fineir cultures. The percepfions of many of finese families were

fiat fine Gulf War, Sadam Hussein's attacks on Israel, the Israeli treatment of Palesfinians were all

racist. Their desires concerning fine resolufion of finis racism may or nay not be the same as finat

sought by Marfin Luther King Jr. in fine United States in fine 19603 or by Kafiny in finis class. Ofiner

parents agreed with Kathy's values and polifical purpose and wished to make finese ideas more

explicit. They objected to allong fine children to voice different views. Sfill other parents

finought discussion of finese ideas shouldn't be part of public schooling at all. In finis teaching

neifiner process nor substance are the "private property of fine teacher.“3 Rafiner fine curriculum

is "a medium evoking the crifical reflecfion" of fine teacher. This happens because fine act of

teaching is a public and social one.

The examinafion of fine structural components of language-fine use of the words "fact"

and "opinion"-in a moral context deviates from fine purely syntacfical way finis unit is normally

tauglnt. For example, fine handouts which come wifin the text for finis social studies unit involve

classificafion of a series of statements on 18fin century Brifish pirates. These sentences can be

classified as fact or opinion through a syntacfic analysis, wifinout any factual knowledge of

pirates. By combining finis unit wifin a controversial subject matter in a classroom in which

discussion of meanings is invited ("What does fine word "segregation" mean anyway?"), fine child

is asked to examine the contextual meaning of ideas in fine books and as felt in fineir own lives

 

43 Mary Field Belenky, Blythe McVicker Clinchy, Nancy Rule Goldberger, Jill Mattuck Tarule,

Women '5 Ways of Knowing: The Development of Self, Voice, and Mind, page 219.
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and experiences. The meaning of segregafion and prejudice is different and mulfiple for a

Palesfinian child, a girl from Bangladesh, a child from Iran wifin relafives in Kuwait, a white

middle-class American boy, a girl from inner-city Detroit-all of whom were in finis classroom. It

is different yet again from fine lived experiences of fine teacher. These personal contexts for

meaning are also different from fine context induced finrougln a sympafinefic (empafinefic)

considerafion of fine life of Marfin Lufine King. All of finese personal contexts and derived beliefs

are invited by fine process of finis teaching. Because finis teaching was done finrough people

sharing diffeent ideas and beliefs, finese ideas and beliefs went from fine tacit, felt, emofional state

to fine intellectual and arficulated.44

This is different from what individual parents want--to avoid moral issues entirely or to

preach parficular viewpoints. This is fine American dilemrra of fine role of school in moral

educafion—should moral values be explicifiy taught in schools or is finis educafion fine private

prerogafive of individual families? The teacher is caught in fine middle because her teaching

directly reflects her own moral choices and efinical code. In finis instance, Kafiny's beliefs about

racism and her beliefs about fine rights of children to say fine finings finat they believe are bofin

exposed. Because finis is done publicly during fine Gulf War when sensifivifies were parficularly

acute about many issues, Kafiny had to arficulate her foundafional values. This act of arficulafion

of previously assumed, tacit values requires finat finey be re-rafionalized, fine logic behind finem

reconstructed wifinin fine concrete parficulars of finat moment. It means the development of a

crifical consciousness about finose values.

Discussion.

A teacher's foundafional knowledge, fine knowledge upon which she makes assumpfions

in order to be able to teach, can be thouglnt of as a "standpoint"-fine "place" in which her

professional being is grounded. This place reflects her experiences and idenfifies: it is from finese

experiences and idenfifies fiat her standpoints are constructed.

 

44 Habermas (1991) Moral Consciousnes and Communicative Action.
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Sandra Harding, in Who '5 Science, Who ’5 Knowledge, writes about feminist standpoint

fineory as an epistemology which arises from an articulafion of an individual's membership

wifinin historically and socially constructed commurnifies. For example, a person who would call

herself an African-American, working-class woman, would also recognize that naming is a

manifestafion of certain systems of values, beliefs, ways of fininking and believing derived from

memberships in finese groups. These memberships are mulfiple and fine values, goals and means

each entail are often in conflict. Values derived from being working class can be at odds wifin

finose derived from being a woman. The values are formed, however, from fine "lived" experience

of fine person finrougln her membership in finese goups and fine interrelafionships among her

experiences of finese groups. This situates fine experience of the individual-experience has

meaning and significance because it is socially constructed with and by a subset of certain "kinds"

of people. Then Harding goes on to argue finat because finis ontology is personally and

expeienfially derived, epistemology is also-ways of knowing are derived from ways of being.

This becomes translated into doing parficular finings in parficular ways. It becomes nanifested

finrough mefinods of acfing.‘1'5

Harding and Dorofiny Snnith in The Everyday World as Problematic discuss how

arficulafing a personal lens can beconne a foundafion for asking quesfions which drive research. I

am suggesfing in finis chapter finat an arficulafion of finis lens acts, for fine individual, as a vehicle

in developing a crifical consciousness of personal beliefs and values; fine pursuit of quesfions

developed in finis process feeds back to a reexanninafion of fine lenses and fine values derived from

finem. This is a background/foreground argument like fine ones I have used in previous chapters

to talk about how conversafion on one scienfific topic can shift to be about a different topic, to

explain how fine focus of a community is dynamic and changing. In fine community of fine

classroom we as teachers act upon beliefs and knowledge but finis acfing can cause us to arficulate

finese in a new community, one which is different from the communifies in which fine beliefs and

knowledge were fornned. This causes us to refinink both the values, fine knowledge and fineir

 

45 Dorothy E. Smifin (1990) The Everyday World as Problematic.
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source. This process is a vehicle for learning about ourselves and about finose people or finings

causing us to do finis fininking.

Harding doesn't explicifiy write about a "standpoint" posifion as evolving and changing

because, I finink, she writes primarily of a standpoint as a "possession" of an individual rather

finan as a dynamic construcfion created through the confinuing interplay of fine individual wifin

fine group. Smifin hints at finis because she is discussing the interacfions of sociologist(s) and fine

irndividual(s) they study represenfing different standpoint posifions. This is not unlike my

descripfions of the interacfions of teachers and students. I would argue finat any arficulafion of a

"standpoint" acts to alter that stand, parficularly if a person occupies mulfiple and potenfially

conflicfing standpoints. Bofin fine act of arficulafion--how somefining comes to be arficulated is

implicifiy crifical--and reflecfion on that arficulafion because of fine new context in which it occurs

act to alter a "stand."

Both of finese firings are illustrated in my stories. I finink finis is because fine arficulafions

that I am wrifing about are occurring during and finrough praxis, not divorced from praxis. They

are what Dewey or Schon46 call "reflecfion-in-acfion": they are arficulafions constructed wifinin a

context franned by fine irndividuals involved but also by a purpose. Teaching is purposeful acfion.

This arficulafionnwhat is done in a class, fine curriculum-derives meaning from a retrospecfive

understanding of historical context and a forward-looking recognifion of fine purpose, the needs

it addresses. This purpose, the goals of teaching, direcfiy reflect fine teacher's irnifial standpoint

and are both naintained and altered because of interacfions between people and between people

and subject natter in the class. The needs of fine future rewrite fine past.47 For example, a teacher

draws on her knowledge wifinin fine domains of fine discipline, fine learner, and fine milieu in order

to act but enabling acfion is not the goal in itself. Rafiner, fine goal is in the results of finat acfion.

A teacher may krnow certain finings about a child and she may know finat she wants finat child to

 

46 John Dewey (1933) How We Think: A Retatement of the Relation ofReflective Thinking to the

Educative Process; Donald Schon (1983) The Reflective Practitioner: How Profesionals Think in

Action.

47 For example, Marx (1983) Theses on Feuerbach; Buck- Morss (1990) The Dialectics of Seeing:

Walter Benjamin and the Arcade Project.
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learn to read. She nay draw on her knowledge of reading, teaching, and the clnild to formulate

actions which enable finis goal. This goal of learning to read has, finrough finis procedure, taken

on concrete yet changing parficulars from fine evolving knowledge fine teacher is using to

formulate it wifinin fine context created by fine child. These new concrete meanings act, in turn, to

rewrite fine past, or at least fine interpretafion the teacher puts upon her past.

Habernas argues finat communicafion fulfils three purposes: to make statements about

actions, to nake statements about fine quality of those acfions, to make statements about how we

feel about finose acfions. These statements are in fact claims made by fine person speaking; claims

about what is true, fine speaker's beliefs, and about a person's feelings. A hearer evaluates finese

claims and judges them. This hearer can also be fine person making fine claims. Habernas, in his

later wrifings, argues that fine arficulafion of beliefs in a new context causes finem to be altered.

This alterafion can be congruent wifin fine original beliefsufiney can be merely enlarged or

constricted in applicafionuor finey can be challenged and more fundamentally altered.

A teacher in portraying a subject matter in a parficular way or in choosing to teach in a

parficular nanner is also making claims, implicit or explicit, about fine subject natter and about

what is "proper" behavior.48 All of finis is done wifinin a context constructed by fine inteacfions

of people, ideas, and finings. This is not a passive context. Sonne finings a teacher does work,

ofiners don’t, nnost work in part. It is also true fiat for finese claims finere is an audience of

children finat judges finese claims and will express these judgements, given fine opportunity, again

either explicitly or implicifiy.

Thought of in finis way the "pedagogical knowledge“9 of a teacher becomes anofiner

example of a standpoint. A teacher's knowledge of students, learning, milieu, subject matter, and

how to teach fiat subject matter are constructed from abstract moral and efinical values and nnore

concrete experiences of teaching and subject matter bofin as it is encountered in school and in fine

world outside of school. A teacher's ways of knowing, as Schon points out, are "knowledge in

 

48 Michael Apple (1979) Ideology and Curriculum. Linda MacNeil (1988) Contradictions ofControl:

School Structure and School Knowledge.

49 Lee S. Shulman (1986) Those who understand: Knowledge growfin in teaching.
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acfion."50 Therefore, finey are nnost construcfively finought of as dynamic ways of knowing; ways

of knowing fiat are both specifiable-a teacher knows certain finings in certain ways-and

confinuously altered and evolving, unspecifiable. It is teacher knowledge which is created in the

act of teaclning, when fine different "finings" fiat a teacher knows are integrated in fine choices fiat

define an acfion. Those "finings" finat fine teacher knows are transformed finrougln finat integrafion-

-fine sum is not a pure addifion of parts, fine "finings" interact with each ofiner and interact wifinin

fine context of fine act; finat knowledge is transformed finrough irnplementafion. An act doesn't

stand in isolafion, it follows other acts and acfions succeed it.51

The acfions of a teacher are also interacfions wifin students. This interacfion becomes a

vehicle for teachers to define fineir own knowledge, recognize what finey know, and what finey

don't know. A teacher's acts of teaching can be finought of as claims to knowledge. By asserfing

these claims in public they are opened up to judgement and crifical evaluafion. By naking a

claim of certainty of knowledge, of what to do, a teacher makes a complementary claim of not

knowing, of uncertainty.52 This becomes a vehicle for learning and a vehicle for recognizing and

examirning the rrnoral underpinnings of parficular choices, representafions, beliefs.53

Shulman describes pedagogical content knowledge as knowledge of how to teach which

entails an intersection of subject matter knnowledge, knowledge of children and of milieu. A

teacher can say what finey know about a parficular student at any one firrne but finis knowledge is

confinuously altered as fine teacher and student interact and fine student interacts wifin ofiners in

fine teacher's presence. That knowledge of fiat student is also confingent upon the teacher's

knowledge of fine ofiner domains -finis knowledge specifies fine form fiat fine teacher-student

interacfion will take. The teacher's knowledge of fine student does not exist out of fine context

constructed to contain fine ofiner domains of teacher knowledge or out of the interdependent

 

50 Schon (1983) The Reflective Practitioner: How Profesionals Think in Action.

51 Kerr, DH. (1991) The structure of quality in teaching.

52 Ludwig Wittgenstein (1969) On Certainty.

53 Habermas (1991) Moral Consciousnes and Communicative Action. Kafinleen Weiler (1988) Women

Teachingfor Change: Gender, Class and Power. Schwab (1976) "Educafion and fine state: Learning

community."
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evolufion of finat knowledge. Slnulrnan emphasizes finat pedagogical content knowledge draws

upon a teacher's knowledge of mulfiple domains which intersect in enabling fine act of teaching

but this irntersecfion is one of mutually dependent variables. The different domains of teacher

knowledge are located within a web a inter-supporfing beliefs, facts, theories, efinical choices. An

arficulafion of finis knowledge takes on parficular meaning and substance in fine context of fine act

of teaching. This context is different from fine ones in which fine knowledge was originally

constructed. This arficulafion can also rrake obvious fine finings a teacher doesn't know and give

the teacher pathways to learn.

In teaching fine unit on dinosaurs, I knew what I wanted to teach, how I wanted to teach it,

and why. Because of fine parficulars of fine children and fine context of finis teaching, I found

myself quesfioning finis knowledge. I was making a claim about knowledge and ways of doing

finings which I becanne increasingly uncertain of finrough those acfions. The past contexts in

which my knowledge of fine subject matter and how to teach fiat subject matter were formed-

finat of being a woman scienfist in a rrale domirated fielduwere diffeent from finose in which I

tried to apply finat krnowledge. In finis parficular irnstance, I abandoned one set of values and

goals—about using a wrifing workshop model to teach scienfific fineorizing-and I am sfill

quesfioning ofiners--about fine morality of teaching science in fine way finat I do. Kafiny, in

teaching the way that she does, learned new facets and interpretafions of subject matter. She

learned finings about her students and fineir beliefs which broadened and extended her own ideas

or caused her to re-rafionalize and re-finink those ideas in finis new context. In bofin cases, Kafiny's

teaching and my own, we came to learn about subject matter, teaching, our student's, ourselves

finrough our teaching. Our teachirng was predicated upon an arficulafion of finings we knew and

finis arficulafion became a vehicle for quesfioning finis knowledge and leanning.



CHAPTER 6

CONCLUSION

In finis finesis I have tried to show how relafionships are constructed and developed.

Teaching, learning and science are all fundamentally about relafionshipsubetween people and

between people and finings. These relafionships are developed, finey change and evolve over

fime, as an interplay between finose involved (both aninate and irnanimate), as each side of fine

relafionship is affected by fine ofiner. Relafionships begirn wifin staterrnents (implicit or explicit) of

assumpfions and of purposes. As fine relafionships alter, assumpfions are challenged and

changed, purposes grow and shift direcfion.

I began finis work claiming fiat fine finesis was to be about mefinod, how and why we do

the finings finat we do. I have built up an argument finat fine finings finat we do, in science, in fine

classroom, as we interact wifin each ofiner, are done for a purpose. A purpose guides and shapes

our acfions and also develops and evolves as we act. As finis purpose shapes our acfions, fine

acfions become "mefinod." A difference between tradifional, "scienfific" defirnifions and uses of

the word "meth " and fine one finat I have constructed is fiat I have tried to show fiat nnefinod

develops (it isn't preexistent, it isn't a "standard" of belnavior) as relafionships between people

and phenomena, people and people, evolve. People develop norms for these ways of acfing

because of fine demands of bofin fine relafionship and of the purpose itself. Methods and their

norms underlie scienfific ideas, discoveries, procedures and fine construction and need for

community. Because it reflects an evolving relafionship and changing purposes, method itself

changes finrough fime-it is a tool not an end-point. Anofiner word for finis "method" might be

239
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"knowledge". Knowledge of facts and ideas and of ways to do finings is bofin an end-point of

what we are doing in class but it also exists before we do finings and guides our acfions. This first

knowledge changes and grows. Knowledge is a vehicle for learning because it is acted upon and

shared wifin ofiners. In finis finesis, finis knowledge is of science, of each ofiner, of teaching—all

evolve.

Relafionships are also tools not end-points. For finis reason fine tradifional "scienfific" idea

of the dichotonnizafion of subject from object becomes a ficfion. In realty finis relafionship shifts

and changes also, whefiner or not finis is acknowledged. The relafionships described irn finis finesis

are between fine children and fine phenomenon we are examirning, between myself and fine

phenomena, between children and children and between myself and fine children. Each

relafionship results in two finings, fine construcfion of science and fine construcfion of a

community. Science and communifies aren't "'finings' finat exist separate from peson and

phenomena, they exist in the conceptual space between the phenomena and fine actor, science is a

relafionship and communifies are relafionships. Each relafionship is shaped finrougln a dialogue

between partners and also between finose partners and ideals and needs formulated outside the

relafionship. These ideals and needs are not just fine manifestafion of an individual's fininking but

are also constructed and shaped finrough fine interacfions among people in the class. Ideals

(values, beliefs, goals, dreams) and needs are formed finrough conversafion, wifinin a community.

It is finese ideals and needs and fineir means of formafion finat keep fine relafionships dynannic,

prevent finem from reaclning a climax, fulfilling finemselves. That lack of closure, of coming to an

end, drives fine community wifinin the class, causes people to need and appreciate each ofiner.

In finis finesis I have written of fine words design, pattern, mefinod, community. I have

suggested but not defended the idea that finese are legifimate goals of teaching irn general and

science teaching in parficular. In each chapter I have worked to develop fine meanings of fine

words, in science, in teaching, in relafionships between people. I have worked to develop fine

interrelafionships between finese words—these words and fineir applicability in my stories is

through an organic interdependence. It is because of finis interdependence fiat finey are
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legifimate, and I would argue, unavoidable goals, of teaching and of science teaching. In finis

final chapter I would like to underline finis interdependence. I will do finis by recapitulafing fine

meanings I have given to each word.

The first word that I talked about at lengfin is the word design. The word design has two

meanings as I use it in finis thesis. Design is a noun and a verbufine end result of designing is a

design, a pattern. A design is constructed finrough framing-given meaning differenfially,

comparafively; meaning is dependent on context. The act of framing creates a backgound and a

foreground from the whole of the phenomenon. By doing finis we, in turn, create lenses, develop

selective vision. The net result of finis process can be that fine background, fine ignored parts of fine

phenomenon, become forgotten, are lost. Rather, in finis thesis, I argue finat finis process of

differenfiafion and use can remain an interplay of the background and the foreground. This can

lead to fine development of a crifical consciousness, an awareness or quesfioning of context and

the process of differenfiafion.

Design, the verb, is an interacfive process between person, naterials, purpose, context,

reflecfing assumpfions about all of finese. In fine act or process of designing, finese assumpfions

also compose fine background. When fine design is completed, reflecfing upon finat design or

putfing the design to some use can cause us to finink back on finose assumpfions and reconsider.

The act of design is purposeful, it expresses a need, is directed toward a need. It is finis need finat

underlies our assumpfions and conversely our assumpfions underlie our percepfions of need.

Recognizing finis in combinafion wifin an understanding of fine interplay of

backgound/foreground which makes up the design can also generate a crifical consciousness

concerning finat need.

Design serves cyclical concepfions of fime as a verb, as patterned action. It serves

progressive concepfions of fime as a noun because it addresses needs. For example-what fine

children are doing with soap bubbles, what I am doing in teaching, what we are constructing as

science-all of these embody patterned acfion but finey also address needs. What we are doing
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and fine needs we are addressing also shift and change finrough fine foreground/background

interplay which I generate and encourage. The design-of science, of interacfion, of teachinguis a

tool as we (myself, fine teacher, and fine children) construct a community in fine classroom.

Because of our designs we become people with a shared purpose, language, mefinods of acting

and these are vitaluthey can grow and change. Curriculum is a design and is formulated through

fine design process. Science and community are also.

The concept of design fiat I oufiine is crifical for understanding science—how science

explains and acts as a vehicle to create new finings and knowledge-fine role of people in science,

how science changes and evolves. The concept is also crifical for understanding fine idea of

community. The scienfific community is a sub-set of fine larger community. The scienfific

community has its own ways of communicafing and acfing; its own special quesfions. All of

these, though, are derived from finose of the larger community, constructed and naintained in a

relafion to the larger community. The word design captures fine qualifies of human agency

fundannental to an understanding of bofin science and community.

The second and third words finat I talk about are pattern and method. Designs are fine

cumulafive effect of patterns: finey contain patterns. Patterns are characterized by variables

situated in a relafionship. Defining finese variables defines fine foreground. Pattern as design (fine

noun) is composed of a background and a foreground. It exists as an interplay between fine two.

Therefore pattern has fine sanne potenfial to foster crifical fininking as design. The ability to

construct a pattern, to design a pattern is dependent upon our ability to selecfively create a

foregroundumove some elements of a phenomenon to the fore and ofiners to fine back. The

decisions that we go finrougln to nake finis differenfiafion are often buried by fine finings that we

are able to do in and with fine foreground. If we can remember to crifically confront ourselves

wifin finirngs we can 't do wifin fine foreground we can remind ourselves of those decisions, rennind

ourselves of fine finings we have excluded and reconstruct the foreground/background

relafionship and fine assumpfions buried wifinin fine relationship.
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Patterns are created finrough repefifion and relafionships. Patterns irn science, in class-

bofin reflect relafionships and construct relafionships. There are patterns in relafionships between

people and between people and filings. Bofin result from a purpose. This defines mefinod.

Patterns in relafionships between people define community. Because patterns reflect

relafionships, they can alter as relafionships alter. The ideas of pattern and nnefinod follow from

design. They are components of design, make up design, fine noun and verb. As such finey are

components of bofin science and community. They are fine means of interprefing (through

description, making sense of, doing finings wifin) phenomena. Patterns don't always appear to be

created by people (alfinough finey are, if only passively, by selecfive vision)--somefimes finey

appear to be "found." This is why the concept of design in science is so important. Through fine

idea of design, hunan agency is recognized.

The fourfin word is community. Communifies are constructed through a medium: In finis

thesis and finese classrooms, finis medium is fine pursuit of fine science. A community is composed

of people who are different and fine same simultaneously. Similarifies are constructed (not

necessarily present beforehand) by developing a common language and ways of doing finings

framed by fine medium, fine science. This process is driven by a shared purpose. Differences

between people drive the need for community-a shared need for each other. The essence of

community is people interacfing with each other because each can contribute somefining diffeent

and unique towards a purpose, towards fulfilling a mutual need. Unlike a discourse community,

in fine community in my classroom, hierarchical power relafionships don't develop because of my

acfions to keep the need, fine quesfions, which drive fine community, a vanishing point,

unfulfilled. The idea of community focuses fine word relafionship. When I say that science,

teaching, learning are fundamentally about relafionships, relafionships that can not be adequately

described by fine subject-object dichotomy, I am arguing fiat fine relafionships are reciprocal—all

sides contribute and fine contribufions of all sides are formafive and important. That is a

expression of fine foundafional ideals of community.
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This leads to the teacher's role, my role, in enacfing fine above four words. As fine teacher

I act as a designer of experiences and acfivifies. By choice my acfions are proacfive around

instanfiafing values about how children should interact but reacfive about fine science-fine science

follows from fine conversafion which results from fine interacfions of the children. The teacher's

choices, my choices, reflect standpoints which, in turn, reflect personal history and ways of

knowing. Acfing on finis knowing introduces opportunifies to learn, because whenever I act it

basically doesn't work out in some dimension(s). Asserfions of knowing (fine basis of praxis) are

also statements of not-knowing, of uncertainty. They are also quesfions.

As I teach, I act on my values, I impose finose values on ofiners. Often fimes finese values,

formed from different experiences, reflecfing different parts of my history, are actually irn conflict

wifin each ofiner or conne into conflict wifin each ofiner when enacted in a social situafion wifin

ofiners who come from different backgrounds and histories. Since vital communifies contain

people who are bofin fundamentally different and fine sarrne, conflict is an irntegral, essenfial part

of community.

For example the nnost obvious place of conflict between my values (and finis is illustrated

finroughout this finesis) is between my desire to impose ways of acfing and interacfing on fine

children but to take a reacfive role in fine science. The two value choices are linked-much of my

discussion about community hinges on fine idea finat social interacfions and fine interacfions which

compose "science" are co-constructed, interlinked. In separafing finem from each ofiner as I plan

my classes, as well as when I am acfively teaching, I am setfing myself up to confinually be at fine

focus of finis conflict.

A second and equally fundamental conflict is between myself and fine children. My value

choices arise from my history but fine children are not blank slates, lacking values or scienfific

knowledge and understanding. There is a conflict between how I finink people should act and

how the children assume finey should act. This is condifioned by fine fact finat we are bofin in fine
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setfing of school. We inherit roles and relafionship expectafions fiat we didn't create, a conflict

not of our making. This is heightened, I would argue, because I am rarely explicit about how I

think fine children should act. Therefore finey never state their assumpfions about how finey

should act and so fine conflict rarely becomes arficulated, talked about. It remains a struggle

beneath fine surface. This is how learning and change occur on both sides (myself and ‘fine

children). If fine struggle was explicit, on fine surface, sooner or later a resolufion would be

reached and fine problem would appear to disappear but fine point is that if the community is to

remain alive, vital, it can't and shouldn't.

There is an obvious conflict in roles here—as I have oufiined fine conflicts between values

and portrayed finem as opportunifies to learn and change, I am portraying myself as a learner as

well as fine children. When fine children explain a phenomenon or state a fineory in class

conversafions, when finey create a design for fine bubble solufion, when I set up a class, we are all

saying "I know" in one way or another. This statement is fundamentally in opposifion to fine

actuality of it which is to say "I really don't know and actually I know I don't know." There is a

conflict between the role of fine knower and fine role of fine learner.

To be a learner requires more finan just a statement of not-knowing, it also requires an

internal recognifion of not-knowing. It is hard to combine wifinin yourself finis recognifion wifin

the social and ofiner demands of a situafion which ask you to claim fiat you do know. I would

argue fiat finis tension between knowing and learning is fundamental to science and to teaching

(and, because bofin are social, is why community is also fundamental to bofin). It is fine driving

force behind the curiosity which is central to bofin. The difference between fine two (science and

teaching) is I believe finat in science ever having to arficulate finis fundamental form of not-

knowing can be avoided but finis arficulafion (recognifion) is central to teaching. It can be buried

in science because of science's progressive nature: fine present buries the past, future desires and

goals bury the past and fine present. There can be an accumulafion of knowledge wifinout an

accumulafion of wisdom.
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In teaching, knowing more means knowing less (as in science) and also recognizing finis

(which isn't necessarily true in science). For example, I know a lot in science but as I teach and

use finis knowledge, I am again and again confronted by finings I don't know, by new subfiefies of

understanding, by new quesfions that generate new connecfions. As I teach I come to know a lot

about fine clnildren I am working wifin--about each individual's qualifies, history, beliefs and

desires. As I consider finis knowledge and act on finis knowledge in my interacfions wifin fine child

I find finat finis knowledge is parfial. The more I know fine more I realize I don't know. This is fine

basis of my claim that I take a reacfive role in my teaching, that I set up potenfial experiences for

the children in science and wifin each ofiner and then I react to shape finose experiences based

upon what the children show me. I can only do finis because I recognize that I know a lot and

also know almost nofining.

So much has been written on what teachers need to know and fine knowledge base of

teachers but I am aware of little that addresses finis "knowing that isn't knowing" which I am

arguing is central to both teaching and fine discipline. In the introducfion to finis finesis I claim

that I will address finree conversafions:

- The leanning science conversafion, parficularly the nnisconcepfions interpretafion of

learning. A sub-conversafion here is fine knowledge children bring wifin finem and

what teachers ought to do with finat knowledge.

0 The teacher knowledge/learning conversafion and the idea of pedagogical content

knowledge. This has irnplicafions for teacher educafionuwhat prospecfive teachers

should be taught in their pre-service programs.

0 The socio-cultural leaming conversafion, parficularly fine idea finat, for cognifive and

emotional reasons, learners' cultures must be incorporated, somehow, in bofin fine

curriculum and the teachers' pedagogy.

Central to all of finese are claims about teacher's knowledge-fine knowledge fiat finey should have

and how they should use that knowledge. In finis finesis I am not making an argument for a

parficular kind of knowledge that teaclner's should have. I am arguing for an atfitude towards

knowledge, finat knowledge is not an end-point. It is a starfing point for Ieaming. Acfing upon

finis krnowledge doesn't reify finat knowledge. Rafiner fine asserfions of knowing and the

knowledge itself become increasingly questionable. As a teacher, fine more I know, fine more

aware I am finat to explicifiy state finis knowing would act to fix it in one place, solidify somefining
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fiat should never be made solid. Knowing for me doesn't lead to direct action. It leads to the

creafion of possibilifies.

Embedded in finis are value assumpfions about purposes of educafion finat have nofining

to do wifin imposing a canon of knowledge and societal beliefs on a child. Rafiner I am suggesfing

as an end-point to educafion fine sanne atfitude toward knowledge I am claiming to manifest in

my teaching-fiat knowledge has little value except as a starfing place for asking quesfions. The

societal beliefs, fine standards for acfing, which I am imposing on fine children are bofin vehicles irn

irnparfing finis atfitude towards knowledge and goals in themselves. It would be dishonest for

me to claim otherwise. The knowledge and attitude towards fine discipline, fine ways fine children

interact wifin each ofiner and myself, fine developrrnent of a community are linked. None are

possible wifinout the ofiners.

The quesfion is how defensible are any of finese as educafional goals? Looked at in

isolafion, each ideal entails quesfionable outcomes. For example, respecfing children, fineir ideas,

values, history, necessitates redefining wlat science is. Valuing fine community and its evolufion

means not staying wifin topics long enough somefimes to reach a closure safisfactory to me as a

trained scienfist. When I don't act as an authority in the one domain, science, does it make

quesfionable my right to act as an authority over the clnildren's acfions?

These seem to be inherent paradoxes. Embedded in finis educafion is a reverence for

knowledge as well as a quesfioning of fiat knowledge. There is a similar paradox in fine values

that underlie fine class. I would argue finat it is finis paradox which feeds fine need for community.

A vital community embodies both a love of finings as finey stand and a love of change. A vital

community must bofin know and learn. If finat is so, finat these paradoxes form fine foundafions

for fine community (the community of science, of fine class), finen fine paradoxes must be

maintained. The goals of finis educafion become defensible through fine cyclicity of finis

argument. To quesfion the goals would necessitate stepping outside fine argument somefining

that a person wifinin the community, involved in the teaching, is not able to do.
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SCHOOL AND CLASSROOM DESCRIPTIONS

The school in which I teach fine science units described in finis thesis is a public

elementary school which serves primarily fine clnildren of married students at Miclnigan State

University. The populafion of finis school is diverse; it is not characterized by a parficular class or

efinnic background. The children represent approximately 50 cultures from around fine world. In

finis paper, I have given all fine children pseudonyms which preserve as much as possible an

irndicafion of their culture. There is a list of children wifin their country of origin in Appendix II of

finis finesis. The classes in which I worked were a first grade, a first and second grade

combinafion and a finird grade. These classes each had approximately 20 children. I say

approximately because fine number of children changed over fine course of fine year as children

left and children came as fineir parents enrolled or gaduated from fine university. The children

listed in Appendix II are children who stayed for a lengfin of finne but did not necessarily

complete fine year. Children who only came at fine very end of fine year or who only stayed for a

short amount of fime are not included.

The fimes fiat I taught first grade and fine first and second grade combirafion, I worked

wifin Kathy Valenfine, the classroom teacher for all ofiner academic subjects. The classroom

teacher in fine finird grade class was Sylvia Rundquist. In fine finesis I refer to finese teachers by fine

correct (real) names by fineir choice. During fine finne finat I was working in finird grade I was also

collaborafing wifin fine art teacher of fine school, Phyllis Victoria. This collaborafion does not

feature in finis thesis but it did frame fine projects that I was doing in finis room. I have not

explicifiy discussed finis in fine chapter which revolves around fine finird grade class.
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My involvement at finis school was through an internship wifin fine Michigan Partnership

for a New Education. The projects that I was involved in were collaborafive wifin fine classroom

teachers and, in fine case of the finird grade, with fine school's art teacher. In each case, fine

teaching collaborafion was around integrafing science and literacy teaching and, in finird grade,

science, literacy and art.

I collected fine data used in finis finesis from transcripts of audiotapes—I audiotaped each

class and transcribed fine tapes myself. I also kept copies of the najority of fine children's written

work. The children were always aware of fine audiotaping going on and quite interested in what

I was doing. The children periodically requested finat they could listen to the tapes and would

comment upon finem. The children also knew finat I was wrifing about my teaching in the classes

and using fine classroom discussions in finese wrifings. I asked fine children to help nne pick fineir

pseudonyms.

In transforrrning transcripts to stories I have reduced and edited what was said by fine

children and myself and also descripfions of what we did. In doing finis and in choosing to focus

on science content (rafiner finan control issues, say) I have, deleted much of fine everyday acfivity

of the class. I would like to describe some of fiat here.

I tried, in my teaching in finese classrooms which were not my own, to conform to and

respect fine classroom teacher's rules and methods of procedure for classroom control. I adopted

Kathy's and Sylvia's methods of classroom control. The mefinods of classroom control finat I

found myself using were first: to clap my hands in a rhyfinnnic pattern to get fine children to stop

whatever finey were doing and listen to me. In doing finis first I would clap and finen finey were

expected to clap the same pattern back. I also used a fimer to constrain acfivifies. The fimer had

a bell and when fine bell went off children wee expected to follow some prearranged pattern of

acfivity. I turned the lights off to get fine children to immediately stop fineir acfivifiesnfiney were

expected to freeze when the lights were off and wait for instrucfions.
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Classroom discussions were usually teacher centered-I determined who would talk and

usually what about. To do finis I required fine children to raise fineir hands and be recognized by

me before finey could speak. Often a child gave a semi-formal presentafion of an idea or of some

item and finen the procedure was that they controlled fine conversafion, again semi-formally-

children who wanted to nake quesfions or comments raised fineir hands and were recognized by

fine speaker. Classroom discussions in fine first and first-second grade combinafion usually

occurred irn a "learning circle"-children and I would sit in a circle at fine front of fine room,

Discussions in finird grade occurred with fine children at fineir desks while I tended to walk about

the room. As I say, finese discussions were controlled by me irn a semi-formal manner. They

almost always, though, becarrne conversafions in which fine children directly addressed each ofiner

rather finan waiting for my recognifion to talk. These free conversafions were punctuated by rrne

taking fine control back and choosing who would talk. 50 discussions would usually start wifin

me posing a question or asking for a descripfion, calling on a number of children unfil finis

pattern broke down into a freer discussion. I would allow finis discussion to go on for a few

minutes and finen I would stop conversafion and return to my irnifial pattern of calling on people.

In all classes the children were seated in groups of desks, usually finree or four facing

each ofine rafiner then a parficular orientafion in the roonn. In the first and first and second grade

combination I did fine seafing arrangements by agreement wifin Kathy Valenfine. In finird grade

fine children's seafing was primarily done by Sylvia Rundquist wifin some suggesfions by myself

and Deborah Ball, fine mathemafics teacher. In all classes finese seafing arrangements played an

important role in the social and academic qualifies of fine classes. In parficular in my teaching,

experiments and informal discussions were carried on wifinin groups.
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CHILDREN'S COUNTRY OF ORIGIN AND PSEUDONYMS

First Grade:

Bangladesh

Ghana-Malawi

Iran

Korea

Malaysia

Pakistan

Palesfine

People's Republic of China

Russia-Bangaladesh

Sri Ianka

Taiwan

United States

Venezuela

Bulli (f)

Kojo (m)

Farzoneh (f)

Kyong Min (f)

Chun 50 (f)

I-Io Sook" (f)

Ok Ran (f)

Titon (m)

Yasin (m)

Mira (f)

Ahmed (m)

Amina (f)

Hanan (f)

Yu" (m)

Tatyana (f)

Vijay’ (m)

Chen (m)

Claire (f)

Cory (m)

Mike (m)

Sondra (f)

Paula (f)

Maria Theresa (f)

* English as Second Language Student These children did not speak English and were in a pull-

out program for approximately 30 minutes per day during which finey received English language

instrucfion. The form of finis instrucfion was what I would call "immersion"-the children were

involved in reading and wrifing books in English in which fine meanirngs of words became

apparent finrougln context and use. The children also parficipated in acfivifies such as cooking,

gardening, field trips, in which finey learned English finrough use. Typically a child spent one to

two years in finese classes.
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First and Second Grade Combinafion:

Egypt

India

Korea

Malaysia

Nepal-India

Nigeria

Pakistan

People's Republic of China

United States

Yugoslavia

" English as Second Language Students

Ahmed (m)

Sakfi (f)

Kwanhyo (f)

Ho Sook (f)

Tity (f)
Teton (m)

Surni (m)

Abeni (f)

Shumshad (m)

Meiying: (o
Sueh—yen (m)

Danping (f)

An'gele (f)

Emily (f)

Paula (f)

Andy (m)

Timmy (m)

Thomas (m)

Cory (m)

Benjamin (m)

Dan (m)

Alyosha (m)



Third Grade:

Birundi

Brazil

Costa Rico

Egypt

Efiniopia

Japan

Japanese-American

Kenya

Korea

Korean-American

Malaysia

People's Republic of China

Russia

United States

* English as Second Language Students
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Diane-Dembe (f)

Estevao" (m)

Ricardo (m)

Arrnina (f)

Hanal" (m)

Selamawit" (f)

Sen" (0

Evelyn" (f)

Mwajuma (t)

Yong Sun (m)

Sook Chin" (m)

John (m)

Iihad (m)

Iin (m)

Antoninya‘ (f)

Alice (f)

Daniel (m)

Joey (m)

Karen (f)

Krisfin (f)

Timothy (m)
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