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ABSTRACT
SCIENCE AS DISCOURSE:
THE ROLE OF DISCOURSE IN CONSTRUCTING
UNDERSTANDING IN A THIRD GRADE SCIENCE CLASS
By

Kathleen L. Peasley

This dissertation draws upon ideas from literacy, linguistics, and science
education reform documents to develop a definition of scientific literacy which is then
used in an analysis of classroom discourse and student learning.

The purpose of this qualitative study was to determine the nature of students'
talk, the norms for participation in the talk, the individual student's science knowledge
construction, and the relationship among and between these factors in a classroom in
which the teachers were supporting the development of scientific literacy. The
discourse during class discussion was examined and two cases were developed which
closely examined the learning and discourse of two students in the classroom.

There was a clear discourse pattern during the whole class discussions which
was considerably different than the teacher initiation- student response- teacher
evaluation (I-R-E) discourse pattern seen in traditional science classrooms. This social
constructivist pattern, which was very flexible, was both context and content
dependent. Each discourse move was dependent on the content and the context of the
previous move. There was also a blurring of the roles and responsibilities of the
students and the teacher in the social constructivist discussions, with students taking on
roles that were traditionally assumed only by the teacher. Furthermore, in addition to
the traditional moves of initiation, response, and evaluation there were four other
moves present in the social constructivist discussion: probing, reasoning, revoicing,

and redirecting.



One of the student cases illustrates a student who is able to control and use the
unique pattern of discourse in the classroom to make sense of the science content as he
engages in exploratory talk. The other case illustrates a student who is not yet able to
control and use the discourse to make sense of the science content as she engages in
presentational talk. The extent to which these students are able to use the talk to make

sense of the science content is reflected in their post-assessment scores.
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Chapter 1

CREATING A SCIENCE CLASS IN WHICH UNDERSTANDING
IS CONSTRUCTED THROUGH THE DISCOURSE

KP: Does it sometimes help you to think of new things to hear other people's
ideas?

Padma: Yes because when I listen to them talk people might say things about it and
think "yeah, that would be a good idea".

KP: So even though there are forty two kids sitting there on the floor you can
still kind of listen and figure out what people are saying and get ideas from
them?

Padma: Umhmm right...like if I have a different idea and they have a different idea

' we can kind of get together and see what's the idea and then you come up
with the best idea together.

KP: Okay. Do you ever disagree on the best idea?

Padma: No, we never disagree. We just kind of, well we kind of talk about it, and

I don't care if I have the best answer or not. But lots of my friends don't
care about that either. All I think about is if I really get it.

(Transcript from an interview with a 3rd grade student, March 15, 1993)
Introduction and Overview of the Chapter

Scientific literacy is the goal of the on-going reform efforts in science education
(National Academy of Sciences, 1996; AAAS, 1989; BSCS, 1993; Michigan Dept. of
Education; 1989). The definition of scientific literacy developed in greater detail in the
literature review portion of this dissertation is based upon a social constructivist theory of
learning. From this perspective science js discourse and scientific literacy is the ability to
control the discourse of science such that it can be used to describe, explain, predict, and
design everyday phenomenon in ways consist with the canons of science.

Currently there is a small but growing body of research in science education which

examines the role of discourse in constructing understanding in elementary science. There



are two main lines in this research; one group of researchers has examined the talk that
takes place in science class (Lemke, 1990; Roth, Anderson, and Smith, 1987; Vellum
1995; Yerrick, 1994, Eichinger; 1992; Hazelwood and Roth, 1992; Peasley, 1992) and
another group has considered ways to incorporate discourse into the science curriculum
itself (Smith, 1995; Duschl and Petasis, 1995; Rosebery, Warren and Conant, 1992). This
research in science education has been influenced by the body of research conducted in
linguistics and literacy education (Barnes and Todd, 1995; Edwards and Westgate; 1994,
Gee, 1989; 1995, Michaels & O'Connor, 1990) which has looked at classroom discourse
from the perspective of linguistics and literacy.

The majority of these studies focus on describing the classroom discourse, the
factors influencing the classroom discourse, and what is communicated about learning and
about the nature of science through the discourse. There are few studies which consider
the ways in which the nature and structure of the discourse helps or hinders students as
they attempt to use the science content learned to describe, explain, predict, and design real
world phenomena. Therefore, the purpose of this study was to examine the discourse that
took place in an elementary science classroom in which the teaching was being conducted
from a social constructivist perspective, and to examine the relationship between the
discourse and science content learning.

This first chapter provides an overview of the purpose of the study and the research
questions in greater detail. This is followed by a theoretical rationale for the study based
upon the changes in science education over the past forty years and the calls in the literature
for an approach to science teaching of which there are scarce examples in practice. The
chapter concludes with a discussion of the significance of this study and the organization of
the remaining chapters.

Purpose of the Study
The purpose of this study was to describe and analyze the ways in which a

classroom of third grade students and their teachers participated in science class discussions
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in order to uncover and explain the relationship between the classroom discourse and
science content learning over the course of one instructional unit of study. Issues
examined were: (1) the: nature of the students' talk in science class, (2) the norms for
participation in the talk in science class, (3) the nature of the science knowledge found in
the talk , 4) individual student's science knowledge construction and, (S) the relationship
among and between these four factors.

We know little about the relatdonship between elementary students' participation in
science classroom talk and its role in helping or hindering science concept development.
This research was designed to provide empirical data on the role of oral discourse in
constructing scientific knowledge in an elementary science learning community. Thus the
purpose of this study was to provide a "snapshot” picture of a social constructivist learning
community in action, to examine the ways in which the students participated socially as a
community of learners, and to analyze how this participation helped or hindered their
science concept development.

A Historical P .

Since the mid- 1950's there have been a number of elementary science initiatives,
each designed to help elementary school students learn science content, the processes of
science, or both, with understanding. The majority of the earlier science programs (1960-
1980) sought to enrich students' understanding of science by engaging them in hands-on
activities and inquiries. In contrast, more recent approaches to science education (1978-
present) have emphasized individual student cognition and have sought to enrich students'
understanding of science by focusing instruction on eliciting, and in some cases helping,
student's modify their existing conceptual frameworks. Another current emphasis (late
1980's- present) in science education is having students use classroom discourse as a
knowledge construction tool (Smith, 1995; Duschl, 1995; Peasley, 1995).

The emphasis on discourse in science is the result of several fields of study in

education converging in the late 1980's. Beginning in the 1970's, education researchers



began drawing on the works of theorists such as Vygotsky (1962) and Harre (1976) to
develop the view that learning is a social and cultural process in which language plays a
critical role (Lemke, 1990). This view of the importance of the role of discourse in learning
was supported by research done in literacy education, (Bamnes,1976; Barnes and Todd,
1995; Edwards and Westgate, 1994; Au, 1986; Gee, 1989; Michaels and O'Connor,
1990), psychology (Bruner,1990; Gallimore and Tharp, 1990) and on classroom
discourse more generally (Edwards and Mercer, 1987; Cazden, 1986, Mehan, 1979).

At the same time that these different lines of research -- all of which involved
discourse-- were converging, researchers in the conceptual change paradigm in science
were beginning to go beyond individual cognition and focus on the role of individual
cognition within the social setting of the classroom. This led naturally to a focus on
discourse which drew on, and expanded, these earlier, more general, works on classroom
discourse (c.f. Lemke, 1990; Rosebury, Warren, and Conant, 1992).

To date, however, there has been little research done in elementary science
classrooms which focuses explicitly on the relationship between classroom discourse and
science content learning. There is some research evidence that suggests that "talking-to-
learn" may be a powerful tool for helping students learn science (Bames and Todd, 1995;
Edwards and Westgate; 1994); however, there is also evidence that the nature of the talk in
some secondary science classes may actually hinder the science learning of many students,
particularly language minority students (Lemke, 1990; Warren & Rosebury, 1992).
Furthermore, because much of the research on classroom talk has been conducted at the
middle school and high school level, little is known about the relationship between oral
discourse and science learning in an glementary science classroom.

Discourse for this study was broadly defined as language in use in any context, in
any oral form (Tannen, 1991). Thus the context for language includes both social and
academic talk and could take place inside or outside of the classroom. This study,

however, focused on the academic talk inside the classroom. The form of language
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examined included language during class discussion, language during small group work,
and language during individual interviews. The term "discourse" in this dissertation refers
only to oral discourse unless otherwise indicated.

The approach to elementary science teaching described in this study is one in which
a hands-on inquiry approach and an emphasis on fostering students’ conceptual change
was combined with an emphasis on discourse as a tool for learning science. The discourse
was an explicit and central part of the science curriculum. This approach builds on lessons
learned from the earlier inquiry-based science curriculum reform efforts while considering
ways in which the more recent body of research on children's thinking and social
constructivist learning theory can inform the development of science curriculum and
pedagogy. The result is a new approach to elementary science which appears to have many
of the elements of scientific literacy that are called for in science reform documents around
the country (e.g. Rutherford and Ahlgren, 1989; AAAS, 1994) and are described in greater
detail in the literature review chapter.

The importance of oral discourse in a science class undergirded by a social
constructivist perspective raises many questions about the students' participation in a
learning environment in which the intended social task structure (Erickson, 1982) for
classroom talk emphasizes new roles, responsibilities, rights, and duties for the
participants. Of particular importance in thinking about developing curricular materials and
pedagogical strategies are questions which focus on how the students’ ways of
participating in a science learning community influences their ways of knowing science
and the science content knowledge learned.

A limitation in much of the research on student learning in science is that it is not
informed by a conception of the social organization of the classroom nor by a conception of
the influence of the social participation structure (the norms for participation, including the
rights and duties of both teacher and students) in shaping the individual students'

opportunity to learn (Erickson, 1982). The cognitive science and constructivist
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perspectives emphasize that the learner constructs knowledge but do not take into account
how the social context of the classroom influences this construction (Marshall, 1989).
Thus a critical factor is the classroom learning community: Its social organization and
practices including the relationship of discourse to science learning.

Therefore the purpose of this research is to learn more about how students perceive
and participate in an elementary science learning community in which the teaching is
undergirded by a social constructivist epistemology with an emphasis on talking- to-learn,
and how this participation shapes student understanding of science content.
Research Method and Questions

This study was an interpretive, descriptive study of a third grade science class
over the course of one teaching unit on "Changes in Matter" (methodology is described in
detail in Chapter 3). In this unit the teachers explicitly supported their students in using
oral discourse as a tool for collaborating with their peers to construct their understanding of
science. The focus in this study was on understanding the interactions among the teachers,
the leamners, the science content knowledge, the classroom discourse, and the ways in
which the social context (specifically the norms for participation) influenced these
interactions. The participation of two very different students will be examined and
described against the backdrop of the entire class. Following are the questions which
guided this research:

In an elementary science classroom in which the teachers are attempting to
fll:ff:z- sset;ldent construction of knowledge socially through the use of oral

a. What science knowledge do the students in this science class
construct?

b. What is the nature of the students' talk in science class? What are the
implicit and explicit rules for discourse in science?

c. What is the participation structure in this classroom (including the
rights, roles, duties, and responsibilities of the participants)?

d. What is the relationship between the students' science learning and their
participation in the classroom discourse?
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The Setting

Data collection took place from late February through April in a third grade
classroom in an elementary Professional Development School in which there was a
school/university collaboration taking place. The school was located near a major
university and had an ethnically diverse student population -- a large percentage of the
students spoke English as a second language. The classroom was actually a double class --
the wall between two classes was knocked out -- which functioned as a single learning
community with two teachers and forty two students. In addition to the two full-time
classroom teachers, there was also a student teacher who had been in the room part time
since September and full-time since January, and two Midwestern University! faculty
members who had been part of the third grade teaching team since September.

The two classroom teachers had been planning and teaching collaboratively all
subjects except mathematics since the fall. The student teacher was from Midwestern
University's "Literacy Education” program, a small thematic teacher education program
which placed an emphasis on the role of discourse in the social construction of
understanding. One of the classroom teachers was also a graduate of this teacher education
program. One of the Midwestern faculty on the team had expertise in communications.
She provided planning support for the teachers as they constructed their science and literacy
unit and also taught a small group during science time during the month of March. The
other Midwestern faculty was a science educator who participated in the planning of the
science and literacy unit but did not participate in the actual teaching.

Both of the school-based teachers had been active participants in the third grade
professional development team meetings during the school year. The focus of these
meetings was on developing a science teaching unit in which there was an emphasis on the
use of discourse as a tool for learning science in a conceptual change instructional

framework. This was consistent with the school wide professional development year-long

1To ensure confidentiality all names are pseudonyms.
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theme of "Science and Literacy”. During the spring, a science and literacy unit on the topic
of "Changes in Matter" was taught concurrently by all the teachers in the school. The unit
"Changes in Matter" was not a published text-based unit but rather was one that the
teachers developed with the support of the Midwestern science educator and the
Midwestern literacy educator working with the project. This unit was the culmination of the
year-long, school-wide focus on literacy in science and had as its final activity a school-
wide science conference, one of the first of its kind at the elementary level.

Sienifi f the Stud

This study has potential value for elementary science teachers, for teacher educators
who work with elementary science teachers, and for elementary science curriculum
developers. The research provides a rich description of an elementary science classroom in
which the curriculum materials and the teaching were undergirded by a social constructivist
philosophy of science knowledge, of teaching, and of learning with an emphasis on the
role of discourse. In this discourse-rich context, the study enables us to examine the
impact of a new kind of classroom talk on science learning.

This work has potential for synthesizing three important movements in elementary
science education -- inquiry learning with its emphasis on discourse and action, conceptual
change learning with its emphasis on individual cognition and personal sense-making, and
social constructivism with its emphasis on discourse and sense-making with members of a
learning community. It provides a snapshot of social constructivism in practice in an
elementary science classroom and the students' ways of participating in such a classroom
while simultaneously tracing students' conceptual learning. To date this kind of science
teaching has been largely theoretical with many reformers calling for movement towards a
social constructivist view of scientific literacy with an emphasis on the discourse but limited
examples of what this might look like in practice.

This study seeks to provide empirical evidence for the value of oral discourse as a

tool for elementary students to use to learn and understand science concepts. Although
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there is a growing body of research looking at the role of talk in constructing understanding
in science (c.f. Lemke, 1989), there is little work in the science education literature which
examines the norms for participation in the talk in elementary science class and the
relationship of these norms to student understanding of science concepts. Thus this study
will also provide evidence of the ways in which classroom talk at the elementary school
level in one context helped, or hindered, student learning of science content knowledge.
This analysis raises some caveats that teachers should be aware of when working with
students to construct this type of a learning community.
Organization of this Di .

The remaining chapters of the dissertation are arranged in the following fashion:
Chapter 2 presents a review of relevant literature on science education and the role of
discourse in science learning historically. Chapter 3 describes the data collection and
methods of analysis. Chapter 4 describes the teaching and learning context for this study.
It was this context which led me to describe this classroom as one which had many of the
aspects of social constructivism as it is described in the literature. Chapter 5 contains a
description and analysis of the discourse in a whole class discussion. The purpose of this
description is to provide an image of the type of interactions that were taking place in the
learning community and to provide a context for the two cases of the target students which
appear in Chapter 6. The case studies presented in chapter 6 examine the relationship
between student participation in the discourse and student learning. Chapter 7 provides
additional evidence about student science concept learning based on an analysis of the pre-
and post- unit tests of all students in the class. Finally, Chapter 8 summarizes the findings
and draws conclusions from these findings. In it I also discuss the limitations of a
qualitative, descriptive study such as this, the educational implications of this study, and

the need for further research.
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Chapter 2

SCIENCE AS DISCOURSE:
A HISTORICAL PERSPECTIVE ON SCIENCE EDUCATION

In a world filled with the products of scientific inquiry, scientific literacy
has become a necessity for everyone. Everyone needs to use scientific
information to make choices that arise everyday. Everybody needs to be
able to engage intelligently in public discourse and debate about important
issues that involve science and technology....Other countries are investing
heavily to create scientifically and technically literate work forces. To keep
pace in global markets the United States needs to have an equaily capable
citizenry. (National Academy of Sciences, 1996)

Yet the fact is that general scientific literacy eludes us in the United States.
A cascade of recent studies has made it abundantly clear that by both
national standards and world norms, U.S.education is failing to adequately
educate too many students - and hence failing the nation. By all accounts,
American has no more urgent priority than the reform of education in

science mathematics and technology.
(AAAS, 1989)

Inmoducti { Overvi

This chapter is about scientific literacy. Developing scientifically literate students is the
focus of most major reform efforts in science education in the United States. However, recent
studies reveal that we are currently failing in these efforts (AAAS, 1996). This chapter begins
by drawing on the literature to develop one definition of scientific literacy. I then use this
definition to consider the strengths and weaknesses of various science education reforms
historically. This analysis will be used in later chapters to illustrate the ways in which the
teachers in this dissertation study built upon the successes of earlier reform movements to
create a new social constructivist approach to science education.

Over the past decade a line of science education research informed by constructivist and
social constructivist theories of learning has emerged. Science education researchers in this

area have focused on the social nature of learning in science by examining the discourse that
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occurs in science class (Roth, Anderson, and Smith, 1987; Lemke, 1990) and considering
ways to structure this discourse so that students are learning to appropriate and use scientific
Discourse! (Duschl and Petasis,1995; Smith, 1995; Rosebery & Warren 1992). For example,
Roth, Anderson, and Smith (1987) described the nature of three elementary teachers' talk
during science class. Lemke (1990) considered the structure of the talk in secondary science
classes, examining the ways in which knowledge is communicated, and the values and
attitudes that are communicated about science through the discourse, and Smith (1995)
examined the role of the teacher in supporting consensus building in science discussions.
Some of this recent work on classroom discourse in science education is based upon
Gee's (1989, 1994) notion of literacy (c.f. Duschl and Petasis, 1995; Rosebery, Warren, and
Conant, 1990). According to Gee, literacy (including scientific literacy) can be understood as
the control of discourses that go beyond whatever discourse we first acquired within our family
(1989). Thus scientifically literate students are those who are able to control and use the
discourse of science when they are participating in science class. Rosebery, Warren, and
Conant (1990) base their work on Gee's notions and the Vygotskian perspective that
"knowledge and understandings are socially constructed through talk, activity, and interaction
around meaningful problems"” (Rosebery et. al., 1990) . Believing that science js Discourse
and is a culturally accepted way of talking, Rosebery et. al. (1990) developed a curriculum in
which language minority students were explicitly supported in appropriating a scientific
discourse. Similarly, Duschl and Petasis (1995) and Smith (1995) worked with teachers to
develop a discourse pattern that would support students in developing scientific explanations -

and thus to appropriate a scientific discourse.

11 am spelling Discourse here with a capital "D" to represent Gee's notion of Discourse. Gee makes the
distinction between discourse which is strictly speech and Discourse which encompasses ways of "talking,
acting, valuing, interacting, thinking, writing and reading, carried out with certain objects, technologies,
and symbolic expressions, in certain physical spaces in order to enact particular recognizable social
identities".
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This view of scientific literacy is consistent with the recently published National Science
Education Standards (National Academy of Sciences, 1996) which describes scientific literacy
in the following way,

...a person who can ask, find, or determine answers to questions derived
from curiosity about everyday experiences. It means that a person has the
ability to describe, explain, and predict natural phenomenon...A literate
citizen should be able to evaluate the quality of scientific information on the
basis of its source and the methods used to generate it. Scientific literacy
also implies the capacity to pose and evaluate arguments based on evidence
and to apply conclusions from such arguments appropriately.

Embedded in this view of scientific literacy is the assumption that the person will notice
and be curious about natural phenomenon and will want to engage in making sense of this
phenomenon using scientific concepts. Thus, from the perspectives described above, scientific
literacy is being curious about natural phenomenon and appropriating, controlling, and using
the discourse to describe, explain, and predict this phenomenon. .

Outside of science education, classroom discourse and linguistics researchers have
contributed to the notion that scientific literacy is a process of appropriating and controlling the
discourse about meaningful problems --such as developing explanations about real world
phenomena. These researchers sought to describe the nature of students' talk in classrooms
(including, but not limited to, science class) and the ways of participating in these classes --the
participation structure (Wells, 1996; Gee, 1994; Edwards & Westgate, 1994; Michaels and
O'Connor, 1990; Middleton and Edward, 1990; Gee, 1989; Cazden 1988; and Edwards &
Mercer, 1987). In their work, Michaels and O'Connor argue that knowing isolated pieces of
information such as facts, terms, and definitions is not sufficient to understand content. They
state:

Beyond vocabulary and background facts, there are discourse-specific ways in
which arguments are made, in which certain kind of information must be
foregrounded and used as evidence. There are discourse-specific ways in
which you must infer connections or "get the point".

They illustrate this point with an example drawn from a science lesson on the topic

of balance using a balance scale with small metal weights hung at different points of the
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scale on both sides. In the lesson the students wee posed with a problem in which the
weights were to be hung on the balance in a certain arrangement. The students were asked
whether the scale would tip to the left, the right, or balance. In response to this question
the students had to make and explain a prediction regarding the behavior of the balance.
The study focuses on the responses of a Creole girl who gave the correct prediction but did
not give the scientifically correct explanation and appeared not to understand the concept of
balance. However, when probed in a later interview, it is clear that she does in fact
understand the science. Michaels and O'Connor concluded that although she knew the
requisite facts and how to apply them in reasoning through the problem, she did not control
the discourse of school science. Consequently she misinterpreted the teacher's questions
leading her to give an inappropriate response.

In this body of research on classroom discourse, the discourse is in the foreground
and the relationship between the discourse and science learning is either not considered, or
is only considered indirectly. For example, in their example of the Creole girl, Michaels
and O'Connor (1990) considered the ways in which the structure of the discourse inhibited
the girl from being able to represent her knowledge to the teacher, but did not consider the
ways in which the form of the discourse may have actually hindered or helped her in
learning that science knowledge.

Another feature that characterizes the studies on classroom discourse is the focus on
social constructivist theories of learning. This is reflected in the emphasis on the
importance of considering the discourse that takes place in science as an integral component
of the science curriculum. From this perspective science js discourse and scientific literacy
is developed through learning to participate in the classroom science discourse in
meaningful ways.

In the existing literature, the emphasis on discourse and a social constructivist view
of learning is often presented as a "new" idea without careful consideration of its

connections to previous research. Since the mid-1950's there are have been a number of
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curricular and pedagogical initiatives which have been designed to help students learn
science concepts with understanding. It is important to consider this history because
current approaches to science education, including the social constructivist approach used
by the science teacher in this study, build on the strengths of these earlier approaches to
science education curriculum and teaching.

For this reason I take a historical approach to this literature reivew and look at four
main perspectives on science teaching --didactic science, inquiry science, conceptual
change/constructivism, and social constructivism -- using the discourse patterns associated
with each perspective as a framework for discussion and analysis. In this way I consider
what we have already leamed and know about discourse in elementary science -- the
different forms it can take in the classroom and the view of knowledge that is represented
by the different forms. This analysis will then be used to inform later chapters in which
the teaching, and the discourse, draw on the successes of earlier science education
initiatives.

Thel f Di in Socially C ing Meani

This dissertation is based upon on the belief that all learning, in and out of school,
is essentially a social process. Learning is a way of making sense of experience in terms of
extant knowledge (Tobin, Tippins, and Hook, 1992). From this perspective knowledge is
the product of language-based interactions (oral or written) which take place in a social
environment and is influenced and shaped by an individual's prior knowledge.

The social context of the classroom, which includes both the form and function of
the discourse and the participation structure, communicates to students what aspects of
knowledge are valued, what counts as learning, what form the knowledge takes, and what
sorts of learning activities are valued (Marshall, 1989). The students receive value
messages such as these both explicitly and implicitly through their daily interactions in the

classroom with the teacher (Kohn, 1989).
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In these ways the social context of the classroom has a major influence on the form
that the knowledge ultimately takes in the individual's mind. For example, if the classroom
setting is one in which the teacher is primarily telling students the scientific "facts", and the
students are individually doing seat work which emphasizes recall of these facts, the
students will probably tend to view science knowledge as a series of facts to be memorized
individually and repeated at the appropriate time to the teacher who is the ultimate authority
for knowledge in such a classroom. However, if the classroom learning community is
instead primarily one in which scientific knowledge is viewed as tentative and open to
debate, in which collaboration, sharing, and public revisions of ideas is stressed, in which
students write and talk with one another in order to make sense of scientific phenomena,
students will be more likely to view scientific knowledge as being a social construct which
is a best explanation for real-world phenomena.

Historically, philosopher Herbert Mead (1934) was one of the first to formulate a
social constructivist perspective. Not surprisingly language, specifically in the form of oral
discourse, played a central role in Mead's thinking. Mead believed that meaning is
constructed within the act of communication. Furthermore, Mead postulated that this
communication is absolutely necessary if meaning making is to occur. Psychologist
Jerome Bruner (1966) expanded further on Mead's ideas about the necessity of discourse
in learning, theorizing that oral language allows children to take elements of their
experience and organize them into increasingly more sophisticated thought structures, a
necessary condition of learning. This is in agreement with Russian philosopher, Lev
Vygotsky (1962), who believed that thought is the internalization of dialogue and in order
for students to be able to think through new ideas they must first talk through the ideas with
a "more knowledgeable other".

Recent research conducted with language minority students and with students who
speak "non-standard" English has provided empirical support for the theories of Mead,

Bruner, and Vygotsky. Researchers in this field have concluded that part of learning to



16

make sense in science is appropriating a new discourse -- a new way of talking, and thus of
thinking, about their ideas in science (Rosebery, Warren, and Conant, 1990; Michaels and
O'Connor, 1990). These researchers believe that science knowledge, for example, is "a
socially and culturally produced way of thinking and knowing, with its own ways of
talking, reasoning and acting, its own norms, beliefs and values, its own institutions, its
shared histories and even shared mythologies" (Rosebery, Warren, and Conant, 1990).
Language is used by the interlocuters to think and act as members of a science community.

Rosebery et.al. based their work upon James Gee's notion of learning and acquiring
a discourse (1989). According to Gee, the process of learning disciplinary knowledge,
such as science, is a process of acquiring the discourse used by people within that
discipline. From Gee's perspective the discourse within the discipline is not just the talk
but is:

...a socially accepted association among ways of using language, of

thinking, acting, and of valuing that can be used to identify oneself as a

member of a socially meaningful group or "social network" (Gee, 1989).

Support for the importance of oral discourse in learning comes not only from the
fields of philosophy and psychology but also from sociolinguistics and literacy education.
Barnes (1969) argued that the more a learner is able to control his own language strategies,
and the more that he is enabled to think aloud, the more he can take responsibility for
creating explanations. Talk is much more than just a window upon mental processes and
metacognitive concepts -- which is a traditional way in which language in the classroom is
viewed. Conversations are a significant environment in which such thoughts are
formulated, justified, and socialized (Middleton and Edwards, 1990); thought itself is
enabled by language (Winogard and Flores, 1987).

Taking a Historical P . he Di in Sci ]
Rather than assume that previous research paradigms ignored the importance of
discourse and social construction of knowledge, I have re-examined the earlier literature

from a discourse perspective. In the next sections I describe what research has revealed
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about different approaches to science teaching and learning (didactic, inquiry science,

conceptual change, and social constructivism) highlighting what these bodies of research

revealed about clasroom discourse and its relationship to student learning.

Prior to the 1950's science education, when science was taught at all, was primarily
didactic in nature and characterized by what I will call a traditional perspective on teaching
and learning. The teacher presented information to the students in the form of lists and
formulas. Students memorized this information and repeated it back to the teacher at
appropriate times. The teacher did most of the talking. Students responded to the teacher’s
questions only when called upon and rarely, if ever, questioned the teacher or a peer.

Didactic teaching represents science knowledge as being composed of facts and
definitions which have been "discovered" by scientists and defined by the teacher and the
text. In a didactic classroom the students are presented with a great deal of science - facts,
theories, words - but do not learn how to use these tools. In these classrooms, students are
generally exposed to large numbers of facts and vocabulary words, tested for recall, and
moved on to the next topic (Anderson & Smith, 1984; Anderson and Roth, 1988). From
this perspective the role of the teacher is to transmit facts and the role of the student is to
"absorb," and often memorize, these facts. From this perspective learning is considered to
be a straightforward process. The teacher "gives" the student the information which they
then "have" or.

Learning in a traditional didactic classroom is frequently equated with acquiring
many pieces of information. The usefulness of the knowledge or the real-world application
of the knowledge is not emphasized. I refer to this as the "traditional" approach to teaching
science because it is the most common and was, with the exception of nature study,
virtually the only approach used to teach science at any level prior to 1950.

In traditional didactic school science, students do not typically engage with the

phenomena they are expected to understand in any direct or meaningful way (Rosebery,
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Warren, and Conant, 1990). Scientific knowledge is portrayed as absolute and
unproblematic, and the learner is viewed as a passive recipient of the knowledge being
transmitted. Science from this perspective is considered to be a discrete body of "facts",
and the transmission of these facts from teacher to student is the goal of teaching
(Gallagher, 1991). The role of the teacher is to provide the facts and the role of the the
students is to try to reproduce on a test what the teacher and the textbook had told them to
think.

Role of Di in a Didactic Sci a

It follows that most of the discourse in traditional elementary science classrooms is
monologic in nature (Tharp and Gallimore, 1988). In these classes the teacher is the center
of attention. The scope, development, and direction of the class are controlled by the
teacher. Recitation and the teacher dominated initiation-response-evaluation (I-R-E) format
are found in most science discussions held in a traditional science classroom (Mehan, 1979;
Cazden, 1988; Lemke, 1990). In the I-R-E format the teacher is the center of the
discourse. The teacher jnitiates by asking a question to which there is a specific answer he
or she is seeking, the students respond to the question, and the teacher gvaluates the
accuracy of that response.

The image that immediately comes to mind is of students sitting in neat tidy rows
with the teacher asking a "known answer" question such as, "What are the three types of
rock?". Students then raise their hands vying for the opportunity to recite the three types of
rock. The teacher calls on students one after the other until someone successfully answers
her question (gives her the response as listed in the teacher's guide - sedimentary, igneous,
metamorphic). She will then continue on with the lesson - asking more known answer
questions or presenting more information.

Although the I-R-E format is time efficient, allowing for a lot of content to be
covered in a short period of time, this format leads to problems. Students get the message

that science discussions are supposed to lead to one correct answer -- the answer






19

determined by the teacher or the text. In addition, this traditional format promotes
competition among the students as they attempt to find the answer the teacher wants and bid
for a chance to show their knowledge (Shoft, 1990).

In the I-R-E format opportunities to build upon one another’s thinking and ideas are
sacrificed in the quest for the "right answer". This creates one authority for knowledge in
the classroom -- the teacher -- and the students miss out on the opportunity to learn from
one another's thinking and ideas. And, indeed, in this setting there is no reason why the
students would want, or need to, learn from one another. The students' attention is focused
on the teacher who is the source of the "right answer", and they tend to ignore the
contributions of their peers. These interactions discourage dialogue among the students
and do not create an atmosphere in which the students can learn from one another.

The transcript segment below taken from "Curriculum Materials, Teacher Talk, and
Student Learning" by Roth, Anderson and Smith (1987) illustrates a lesson in which the
teacher uses known-answer questions to determine if the students are taking in, and
remembering, the information that was presented. Roth et.al. noted that when the teacher
in this classroom asked questions that demanded the students respond with an explanation
rather than with just a fact or opinion, the students had difficulty answering the questions.
The teacher, Ms. Lane, handled this problem by rephrasing the question so that the
students would come up with the "right answer"-- the answer she was looking for. In the
transcript segment below Ms. Lane began by asking a question (initiation) which required
the students to explain a phenomenon (response). However, when they were unable to do
so, she changed the question into a series of factual response questions that she asked in a
rapid, drill and recitation format which closely followed the I-R-E sequence.

Initiation Ms. Lane: What is the function of the optic nerve? (waits, no response)
What is it that a nerve does? What do they do?

Response Heidi: Tells whether it is hot or cold.
Evaluation =~ Ms. Lane: Uh, OK..
Initiation Ms. Lane: They send what?
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Response Students: (calling out) Messages.

Initiation Ms. Lane: Where do they send them?

Response Students: (calling out) To the brain

Initiation Ms. Lane: Without the optic nerve, could you see?

Response Students: (unison) No.

Statement Ms. Lane: Because it sends messages of the image to the brain. (She
writes on the board: Optic nerve leads from the back of the eye to the
brain).

There are several aspects to this transcript which mark it as representing a traditional
didactic approach following the I-R-E format . First is the amount of teacher talk compared
with the amount of student talk. The teacher asks the questions and, ultimately, gives the
explanation. The students are not given an opportunity to ask questions or to puzzle
through their ideas. The questions the teacher asks are "known answer" questions -- there
is one specific response that the teacher is seeking. She does not probe student thinking or
ideas about the phenomenon. The teacher asks the question (initiation), the student
answers the question (response) and the teacher evaluates the accuracy of the response. In
this case a correct response is indicated by the teacher saying "OK" or by simply going on
to the next question, implying the response to the question had been correct. The segment
concludes with the teacher stating the response that she was originally looking for.

Critici f a Didactic Sci : ]

The traditional didactic approach to science education, which remains the
predominant mode of instruction in science today (Stofflett & Stoddart, 1994), has been
consistently shown by researchers to be ineffective in engaging student interest or
developing conceptual understanding of the science content (Anderson & Smith, 1987;
Driver, 1983; Hewson & Hewson, 1988). In fact, large numbers of American students
graduate from college holding many of the same naive conceptions about the world as those
held by elementary children (Stofflet & Stoddart, 1994), even though they have studied the

topics and even gotten good grades in science (passed the tests with flying colors).
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Often science classes were "parade grounds where students are endlessly drilled in
multiple-choice questions that impart information without context” (Leslie & Wingert,
1990). Generally in a didactic science class, scientific knowledge is misrepresented as
being absolute and unproblematic with no indication that the knowledge being learned has a
history, is tentative, and is the product of a social, human endeavor. Philosophers of
science such as Kuhn (1971), Toulmin (1972), and Mayr (1982) emphasize that science
does not reside as an objective body of knowledge external to the individual but rather
scientific knowledge consists of a "body of shared beliefs among a community of
scientists" (Anderson, 1988).

In a traditional, didactic classroom the students are presented with a great deal of
science - facts, theories, and scientific terminology. However the students are rarely given
an opportunity to use these new tools except to answer questions on a test. In these
classrooms students are generally exposed to large numbers of facts and vocabulary words,
tested for recall, and moved on to the next topic (Anderson & Smith, 1984; Anderson &
Roth. 1988). For example, Roth (1987) found that one elementary teacher covered the
following concepts in one class period on light: light as energy, light for seeing, light
travels fast, the speed of light, atoms, photons, sources of light, bioluminescence, uses of
light, animals that give off light, reasons light travels fast, lightning, amplitude,
wavelengths, light travels in straight lines, intensity of light, pioneer uses of candles,
electricity provides artificial light, watts, volts, fluorescence, and light cannot curve.

Thus, there is generally a tremendous amount of information presented with no
time for the student to make sense of, and use, the concept in a real world context before
the next concept is introduced. Accordingly, the student is more likely to memorize a few
isolated terms (such as "reflected light") than to develop connected understanding of central
concepts (like how light enables us to see).

Another criticism of the didactic approach is the view of the learner as being a

passive recipient of this barrage of information and a view of learning as a straightforward
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process of "taking in" and remembering information. This view of learning does not
acknowledge that students already have ideas or constructions about the world which might
influence their interpretations of the knowledge the teacher is presenting. Furthermore, the
idea of learning as passive reception does not acknowledge the importance of the role of
discourse in learning. The only discourse that takes place many days in a didactic
classroom is the teacher’s discourse. Rather than learning from talking to teacher and

peers, the students in a didactic classroom are assumed to learn from listening to the teacher

talking.

Beginning in the 1950's scientists and science educators began to look for
alternatives to the traditional didactic approach -- a process that continues today. A
common alternative was to move away from teacher-centered didactic teaching and initiate a
hands-on approach to directly involve the students in the process of inquiry.

Additionally it was at this time that cognitive science began to influence science
education beginning with the writings of cognitive psychologist Jean Piaget. These two
factors -- a move towards "hands-on science" and the influence of cognitive science --
resulted in the design of several different inquiry-based approaches to science education
which drew from the Piagetian theory of assimilation and accommodation and the notion of
cognitive development stages (pre-operational thought, concrete operational thought,
abstract formal operational thought).

According to Piaget (1929), who focused on individual cognition in his early
work, meaningful learning takes place when the learner is able to recall appropriate schema
from their memory and "fit" the new information they have learned in with that schema.
Piaget theorized that this assimilation of new information into an existing schema is a
straightforward process which requires accessing and recalling appropriate schema.

However, once in a while the student becomes dissatisfied with the existing schema and
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must modify or make accommodations in the existing schema before they can assimilate the
new information. Piaget viewed this as being a fairly straightforward process as well.

It was during the Post-Sputnik era of National Science Foundation (NSF)-funded
curriculum development efforts that inquiry science made its appearance. Collaborations
among scientists, psychologists, and educators led to the creation of several NSF inquiry
based science curriculum programs: _Science a Process Approach (SAPA, Thier, Karplus,
Lawson, Knott, and Montgomery, 1978), Science Curriculum Improvement Study
(SCIIS, AAAS, 1975), and Elementary Science Study (ESS, Educational Development
Center, 1971) . These elementary science programs emphasized the importance of the
learner being actively engaged in science through the manipulation of materials. Students
were encouraged to see themselves as "young scientists" who participated in science
processes in the same way "real” scientists did. According to Bruner, who spearheaded
one of these early NSF programs, "the schoolboy learning physics is a physicist, and it is
easier for him to learn physics behaving like a physicist than doing something else” (1960).

Inquiry science teaching represents science knowledge as being composed of ideas
which can be "discovered” by students through active manipulation and exploration of the
materials under study using scientific inquiry processes. The various inquiry programs
focused on supporting students in developing understanding and acceptance of scientists'
ideas through the interpretation of empirical data. From this perspective the role of the
teacher is the facilitation of inquiry and (in the SCIIS project) the introduction of the
scientific concept. The role of the student is exploration and discovery of scientific ideas.
Although it was not the intention of curriculum developers, many teachers in inquiry
classrooms interpreted inquiry science as a pure "discovery" process in which you pever
tell the students the concept. Thus the teacher may have viewed her primary responsibility
as helping students "feel comfortable" with the content and "feel good" about science:

We need to make students feel comfortable with the things, ideas, and
processes of science. Just as we want them to feel comfortable and

accepted in their own neighborhood. They need to develop confidence
that they can ask questions (Rutherford, 1986 as cited by Roth, 1987).
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If the students were engaged in the processes of science, it was believed, learning
would necessarily follow (Saunders, 1987; Linn and Thier, 1975; Puiser and Renner,
1983; Schneider and Renner, 1980)). With the support of the National Science
Foundation, a great deal of time and money was spent beginning in the 1950's and the
1960's to design curricula that promoted student inquiry by allowing students to undertake
investigations focused on a real world phenomenon such as growing plants, to engage in
hands-on activities such as rolling balls down ramps, and to create stories which explained
the phenomenon under study.

The result were three major national, and influential, elementary curriculum
projects which were very different in their theory, approach, and emphasis.2 However,
they all had some similarities; a) they were all hands-on, process-focused programs, b) the
curriculum writing was dominated by scientists and c) the driving goal was to rapidly
produce more scientists (Duschl, 1990). Two of these, the Science Curriculum
Improvement Project (SCIIS) and the Elementary Science Study (ESS) were influenced
psychologist Jean Piaget's ideas about how children learn. The other, Science A Process
Approach (SAPA) was based upon Gagne's theories of learning hierarchies (1977).

The basis of SCIIS is a Piagetian developmental approach which stressed that the
students go through a linear series of developmental stages -- pre-operations, concrete
operations, and formal operations -- but that this is not necessarily an automatic process.
The philosophy reflected in SCIIS was that an elementary science program needed to
provide an emphasis on concrete, hands-on experiences in order for students to reach each
developmental stage at an age-appropriate time and to develop a richer picture of the
scientific process.

Activities were the core of the SCIIS program and were closely linked to class

discussion during which time students raised questions about the topic under study and

2There were other national and local science curriculum projects, however these three represent the three
most well known. These three were also selected because they represent three very different approaches to
inquiry science. Of the three, SCIIS is the most enduring with several school districts in Michigan still

using the program.



25

brainstormed ways to answer their questions. One important role of the teacher during
these discussions was to introduce the scientific concept that connected to their exploration
and discussion. Therefore, the activities provided a concrete context for the students to
learn the science concept. In this way the SCIIS program was an improvement over the
straight transmission model reflected in the didactic approach. The program emphasized
the importance of eliciting and building on students' prior knowledge.

The conceptual framework of ESS was based largely on Bruner's belief that every
topic can be taught in some intellectually honest form to any student. Bruner also stressed
the act of discovery, which he defined as obtaining knowledge for oneself by the use of
one's mind. There was no single author for ESS. Rather different units were developed
by different members of the scientific and teaching community. The role of the teacher in
ESS is one of a guide and a resource person. It is the teacher’s responsibility to raise
questions but not answer them, only to verify answers or ask leading questions. What is
learned depends entirely upon what the student does.

The conceptual framework of SAPA was based upon Gagne's theory of learning
heirarchies (1977). According to Gagne, process skills such as observing, classifying, and
formulating hypothesis are skills used by all scientists, are applicable to investigation in all
the sciences, and they can be learned by students and be transferred across science content
domains. The emphasis in SAPA was on hierarchical process skill building and there was
little discussion of students' interpretation of the phenomenon under study. Accordingly,
SAPA was designed to develop the reasoning skills scientists use in their investigations
(AAAS, 1967). It focused on process rather than conceptual learning.

The Role of Di . lnquiry Sci ]

In an inquiry classroom using curriculum materials such as the three described
above, the children were given the opportunity to do many things. The role of the teacher
was to serve as a guide or a facilitator as the children asked questions and invented their

own answers to their questions (Roth, 1987). An additional role of the teacher with SCIIS
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in particular, was to introduce the scientific concept to the children as part of the discussion
(the invention phase of SCIIS). The discourse pattern seen in the inquiry classrooms,
consistent with the way in which teachers interpreted its philosophy, tended to be an open
sharing and acceptance of all student ideas. The students did much of the talking with
probes and questioning from the teacher.

The typical discourse pattern in an inquiry science classroom reflected this belief.
The teacher facilitated discussion and probed ideas, however, unscientific ideas were not
challenged and the students were allowed to continue holding their non-scientific ideas.

The following transcript segment, excerpted from "Learning to be comfortable in
the neighborhood of Science” by Roth (1987) illustrates a common discourse pattern
associated with inquiry science teaching; in which everyone's ideas are elicited and
accepted as equally valid:

Ms. Kain: What do you think now about what light does for a plant? What
do you think it does for a plant? Jeff?

Jeff: Well, I think that it gives its, the, uh, rays of the light gives the
plant the extra food it needs to produce the chlorophyll...

Ms. Kain: What do you think it does for the plant? John?

John: Well, I'm not sure. It's like us. If we stay outside and you get
sunburned. It's sort of like what the sun does for us.

Ms. Kain: OK, looks healthier maybe. I'm not sure we can make that analogy.
OK, any other comments about that? Andy?

Andy: The heat.

Ms. Kain: The heat from the light you're saying?

Andy: Yeah, the...grabs all the light and uses all the heat.
Ms Kain: Uh-huh, OK. Melanie?

Melanie: Well, I think kinda, maybe it gives it a little bit more food. I mean
not like food but uh like it gives it green. Green looks more healthy.

Ms. Kain: OK, one more. Heidi?

(Heidi gives her ideas and the discussion ends).
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This discussion took place at the end of an inquiry science unit on plants as food
producers (photosynthesis). Even at the end of the unit the teacher is encouraging students
to share their ideas and is accepting all ideas as being equally valid. This discourse pattern
characterizes the discourse in many inquiry science classrooms where much of the
emphasis is placed on encouraging students to share their theories and stories and accepting
all ideas without making progress toward scientific understanding. Because the goal of
inquiry science is for students to "discover” the information the way that scientists do, the
inquiry teacher often believes that she should ot tell the student information the way that the
didactic teacher did. This is in striking contrast with the focus on "known answers" in the
didactic approach.

These early inquiry programs with their emphasis on hands-on manipulation and
sense-making of the objects under study continue to influence current elementary science
curricular and pedagogical practices. Many current pedagogical practices are adaptations
of, or variations on, these early inquiry programs. For example, the theory that children
(indeed all people) learn through active construction of their knowledge and understanding
that emerged during the inquiry science era is a theory that continues to heavily influence
current science curriculum and teaching.

Critici f an Inquiry Sci p .

During the late 1970's and through the 1980's it became evident to science
educators and researchers that the inquiry programs were not fulfilling their promise.
Although the students often enjoyed and felt comfortable with science and were actively
engaged with the materials of science, researchers found that they still were not making the
conceptual connections and developing the rich scientific understandings that the
developers of inquiry science had intended and anticipated (Roth, 1985; Lee, Eichinger,
Anderson & Berkheimer, 1993; Novick & Nussbaum, 1978). Students knew how to
conduct experiments and knew lots of experimental data, such as an embryo will only

develop into a plant if it is attached to at least half of a cotyledon and a plant wijll begin to
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grow in the dark, but they were unable to use this data to explain everyday phenomena
such as where a developing plant embryo gets its energy until it is above ground and can
begin the process of photosynthesis.

The conclusion reached by science education researchers was that meaningful
learning in science involves more than just being able to give a definition or memorize a
formula. Meaningful learning of science also involves more than just being able to
complete the activity or enjoy doing the experiment and being comfortable with science.
Meaningful learning of science involves coming to understand scientific ideas as they are
used for their intended purposes, including description, prediction and explanation of real-
world phenomenon. Although this was an intention of the inquiry programs, they never
fulfilled their promise. Researchers concluded that science teachers need to encourage
students to ask questions about the world around them and then support them in designing
activities that help them answer their questions and make sense of the world through
description, explanation, and prediction. Conceptual issues cannot be avoided in favor of
rote procedures (or recipe style directions) or hands-on fun activities that are also not
"minds-on".

Bamnes argues (1976) that much learning may go on while children manipulate
science apparatus but "learning of this kind may never progress beyond manual skills and
slippery intuitions unless the learners themselves have an opportunity to go back over such
experiences and represent it [the knowledge] to themselves", p. 30. This opportunity to go
back over the experiences and represent the knowledge to themselves was not built into
most of the inquiry science programs and so was not generally present. This may explain
why students appeared to learn so little from inquiry science. They may have had fun in
science, but their conceptual understandings of the world around them did not grow. The
idea of hands-on manipulation of the objects under study was a sound one; it just wasn't

enough in and of itself.



Over the past 15 years advances in the field of cognitive science and in our

understanding of the processes of knowing and learning began to affect views of school
and of schooling (Duschl & Petasis, 1995). Many consider psychologist Jean Piaget to be
a "foundational figure" in advancing the field of cognitive science (Phillips, 1995). The
application of cognitive science to education undergirds not only the ideas of inquiry
science but the ideas for the development of schools for thought (Bruer, 1993), the creation
of thinking curriculums (Resnick & Klopfer, 1989), and the design of classrooms as
communities of practice (Brown & Campione, 1994). Additionally, the cognitive science
perspective is seen in conceptual change theory (Posner, Strike, Hewson, & Gertzog,
1982), which many science educators would argue was one of the most influential ideas in
science education in the 1980's.

As science educators and researchers basing their work on Piaget began to focus on
individual student cognition, they became aware of the importance of knowing and
addressing a student's prior knowledge and patterns of thinking in science as they
supported the student through a process of constructing understanding. This was
something alluded to but not explicitly done in the inquiry science approach and not
considered relevant in the traditional, didactic approach.

As described above, one of the most widely studied and adopted perspectives from
cognitive science is conceptual change theory3. Conceptual change theory is a powerful
construct because it represents not only a cognitive science perspective but also a
constructivist perspective. Constructivist learning theory supports the notion that in order
to construct personal understanding of a concept the learner must go through a process of

conceptual change (Driver, 1994). Thus, conceptual change theory brings together the

3 At this time "conceptual change” is primarily a pedagogical rather than a curricular approach. Extensive
(and expensive) research is needed in order to develop conceptual change curriculum materials. For this

reason the strategy used by science educators has been to help teachers leam a conceptual change pedagogy
through workshops and seminars. Teachers, ideally, are then able to adapt current curricular materials to a

conceptual change approach.
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ideas of about learming derived from cognitive psychology and the ideas about the nature of
science and science learning derived from a constructivist epistemology.

A constructivist perspective has implications for the classroom. From a
constructivist perspective meaning is viewed as something being made by the individual
and the meaning that is made will depend on the individual's conceptual framework.
Science learning from this perspective is seen as an activity in which students go through a
process of conceptual change (Driver, e.al., 1994). Unlike earlier views of learning in
which there was an assumption that learning was simply a process of "taking in" the ideas
presented by the teacher, constructivist theories of learning acknowledge the active role of
the learner in constructing meaning. This knowledge construction process is influenced by
students' existing conceptions which influence how the learner makes sense of instruction.
For learning to occur, these existing conceptions may need to be changed, modified, or
abandoned by the student. Thus constructing personal meaning involves going through a
process of individual conceptual change.

Teaching from a constructivist perspective focuses on providing children with the
experiences and activities necessary to engage them in a meaning making process which
may include cognitive conflict, or dissatisfaction, with their prior knowledge. The teacher
then supports the learners in developing new knowledge schemes that are more fruitful for
them than their prior knowledge. "Real world" activities, such as planting seeds under
different conditions to determine the requirements necessary for life, supported by careful
structured group discussion form the core of a constructivist-based conceptual change
approach to teaching (Nussbaum & Novick, 1982).

Over the past decade, science education researchers have found that students often
maintain their fundamental naive conceptions and patterns of thinking about a concept even
while learning the appropriate vocabulary and doing well on unit tests. Thus, it often
appeared on the surface that they understood the science concept - assuming traditional

methods of assessment were employed - when in fact they had not altered their existing
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naive conception in any way. Although they could give the scientifically correct answer on
a test, they were still using their naive conceptions to make sense of everyday phenomena.
Conceptual change theory, therefore, highlights the importance of emphasizing the
ideas that children form about natural phenomena. As described earlier, these ideas have
been called by a number of terms including "misconceptions” (Novak, 1983), "children's
science” (Gilbert, Osborne, & Fenshaw, 1982), "alternative frameworks" (Hewson,
1985), and "preconceptions” (Osborne & Freyburg, 1985). Traditional didactic and
inquiry-based curricular approaches and teaching methods failed to uncover and/or address
these naive conceptions (Berkheimer, Anderson, & Blakeslee, 1990; Roth, 1986; Ramadas
& Driver, 1989; Minstrel, 1985; Osborn & Freyburg, 1985; Roth, Smith, and Anderson,
1983; Posner, Strike, Hewson & Gertzog, 1982) which resulted in students resorting to
memorizing terms and definitions (traditional, didactic science), relying on following step-
by-step procedures (inquiry science), or relying on their (inaccurate) prior knowledge.
Researchers believe that knowledge construction can be made intentional through
instruction interventions such as using a conceptual change model (Nussbaum & Novick,
1982), making idea prompting statements (Scardamalia, Bereiter, & Steinback, 1984), and
using various teacher questioning procedures (Duckworth, 1994). In these studies learners
were coached by the teacher to think about the material under study in such a way that they
transformed that material, thus constructing knowledge (King, 1994). Additionally, King
(1994) found that knowledge construction and meaning making were further promoted
when children were taught how to construct a good explanation via teacher questions that
guided students to connect ideas within a lesson or to connect the lesson to their prior
knowledge. When students have to explain themselves or defend their own positions, they
begin to examine their understanding in detail (Hatano & Inagaki, 1987). As they examine
their comprehension in detail, students become aware of the inadequacies in their
understanding, which may lead them to reconstruct their conceptual framework (Roth and
Roychoudbury, 1993). Students in such a classroom would be encouraged to puzzle
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through their ideas in writing and aloud so that they can examine their idea and reconsider
it.

Conceptual change models are similar in many ways to Piagetian theory (Pintrick,
Marx, & Boyle, 1993). Teachers who are using a conceptual change approach elicit and
take seriously students’ ideas about real world phenomena. Conceptual change theory
differs somewhat from Piagetian theory, however, in that it assumes that ontogenetic
change in an individual's learning is analogous to the nature of change in scientific
paradigms that is proposed by philosophers of science such as Kuhn (Pintrick, Marx, &
Boyle, 1993). Furthermore, the conceptual change approach problemetizes Piaget's idea of
accommodation by showing that the process is not a straightforward process but rather is a
complicated and difficult process that needs to be carefully supported by the teacher.

From a constructivist perspective, such as conceptual change, students are not the
traditionally assumed "tabula rasa" ready to take in all information presented by the teacher.
Rather, students enter the science classroom with a wealth of ideas about how the world
works. Many of these conceptual schemes however, are at odds with scientific ideas and,
often persist following instruction (c.f. Anderson & Smith, 1987; Driver & Erickson,
1983; Helm & Novak, 1983) because they are not explicitly addressed.

According to a conceptual change model, if the student's conception is in conflict
with the scientific conception, there needs to be a radical transformation of the individual
conception if learning is to occur. Without this transformation, the student will alter the
information presented in science class so that it fits with his or her existing conceptual
framework - even if that framework is in conflict with the accepted canons of science.
Furthermore, researchers such as Posner et. al. (1992) have found that unless the teacher
challenges the student's existing conception, they will prefer, and use, their naive
conception over the scientific conception. Students often ignore counter-evidence or they
interpret it in terms of their own naive views (Muthkrishna, Carnine, Grossen, & Miller,

1993).
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was an educational anthropologist who specialized in sociolinguistics and did research
examining the social context in which learning took place. Because of her research
interests on the social construction of knowledge in the classroom there was a strong social
constructivist orientation in this program. Thus, the role of oral and written discourse as
tools for making sense of the content in all subject matter areas was emphasized in Ms.
Lawson's teacher preparation.

Ms. Lawson had been a student teacher at Atlantis and was hired as a full time
teacher the following year. Mrs. Runner told me that Ms. Lawson quickly earned a
reputation as an excellent language arts teacher, and this was the reason Mrs. Runner
approached Ms. Lawson about teaching collaboratively. Although a veteran teacher, Mrs.
Runner felt that she would learn more about teaching language arts from Ms. Lawson.
Thus, despite a vast difference in their years of experience, it was a true collaboration from
the perspective that each felt she could learn from the other and each had knowledge and
skills to contribute to the collaboration. It was clearly not a relationship in which Mrs.
Runner was mentoring Ms. Lawson despite the difference in age and experience.

Ms. Smith. Dr. Netti 1 Dr.J

Ms. Lawson and Mrs. Runner were part of a five member team involved in the
planning and/or teaching that took place in this classroom during the afternoon science and
literacy time - which varied from 1-3 hours per day. In addition to Ms. Lawson and Mrs.
Runner, the members of the team included a student teacher who had been in the room part-
time since September and full-time since January, and two university faculty members, one
of whom had been part of the team since September, the other had been working on PDS
projects with the building teachers for several years.

The student teacher, Ms. Smith, was a student in the same alternative teacher
education program at the university from which Ms. Lawson had graduated. Ms. Smith,
like many students enrolled in this program, had a strong language arts background.

Although she did not have a strong science background she researched the topic and
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An example of the strength of children's naive conceptions is given in a descriptive
study by Schneps (1987) which was documented in the video entitled "A Private
Universe". Schneps found that Harvard graduates - including one just receiving a degree
in a branch of physics - hold the same naive conceptions about the cause of the seasons as
high school students who had not had any formal instruction. Schneps illustrated how
instruction can be viewed as being entirely consistent with a student's naive conceptions in
his study of one student, Heather, and her learning about the seasons. Schneps gave the

following description of Heather?:

Before instruction, Heather believed that summer occurred when the
earth was further from the sun, that the sun's rays bounce when it is
summer, and that the shape of the earth's orbit around the sun was a
curlicue. After classroom instruction that showed the orbit of the earth,
Heather now realized the earth's orbit had an elliptical shape. It is not
surprising that the classroom instruction failed to correct Heather’s naive
conception that the sun's rays bounce though, because it used the word
"bent" to describe indirect rays, with no illustration. "Bending" can be
"bouncing”.

In a second attempt to correct this naive conception, Heather was
presented with a drawing showing sun rays hitting the earth at a
slant. Heather now readily accepted that information, but also maintained her
naive concepuon that rays bounce: She stated that winter occurred because
the sun's rays both hit at a slant and bounce off other parts of the earth.
This naive conception is consistent with a drawing which did not show the
entire length of the ray from the sun. There is no evidence from these
instructional interactions that a clear, unambiguous explanation, inconsistent
with all misinterpretations, and followed by application exercises would not
have been sufficient to bring about conceptual change in Heather.

As Heather indicated, she learned about these confusing bouncing
sun rays in her eight-grade science class. Part of Heather original naive
conception seems to have resulted from understanding "indirect” to mean
"not straight” or "bouncing" - a reasonable interpretation of the English
language. Heather explained that her ideas about the curlicue orbit of the
earth were also formed by erroneously associating a diagram in her eight-
grade science book with the information about the earth's orbit.

In the celebrated study described above, the emphasis is on Heather and her failure
to go through a process of conceptual change even though she has been presented the

41 am including this lengthy quotation because the "Private Universe” video has became extremely well
known. It is frequently used with both pre-service and in-service teachers as an illustration of the failure of
traditional science to change students’ conceptions. The teachers in this dissertation study had also viewed
this video.
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concept of the cause of the seasons by her teacher. This study is typical of those done by
conceptual change researchers. Although there is a social component to constructivism, the
social aspects of scientific understanding in the classroom have not been a concern of
cognitive researchers who have studied student knowledge construction in science
education. Rather, in the tradition of Piaget, these researchers have generally focused on
what is labeled the individual dimension of scientific understanding (Lee, et. al., 1993).

However, another school of constructivism is beginning to emerge in the literature.
This school of thought has recently been described as "Emergent Constructivism" (Cobb,
1995). While this perspective agrees with the psychological or Piagetian constructivist
perspective, it adds the idea that acts of individual meaning making can be seen to occur as
students participate in and contribute to the development of practices established by a local
community such as a science classroom learning community (Cobb, 1995). Thus the
existence of a social context in which meaning making occurs is beginning to be
acknowledged by constructivists.

As Smith (1995) points out, constructivists are not interested only in the isolated
individual while ignoring the social context. For example, Rogoff and Lave (1984) view
constructivist science education as an apprenticeship into a community of practice. And
British science education researcher Rosalind Driver suggests that it is particularly
important to adopt a perspective that embraces both the constructivist and the socio-cultural
(social constructivist) position (Driver & Scott, 1995). To this end she is focusing her
current research on the ways in which school students' informal knowledge is drawn upon
and interacts with the scientific ways of knowing introduced in the science classroom
(Driver, et.al. 1994). In this research Driver takes a strong position that all knowledge is
socially constructed and validated (Driver, et.al., 1994). Driver believes that although
students must construct meaning individually, they need to be introduced to the
construction process in a social setting. Thus, Driver subsumes a social view of knowledge

construction and meaning making within her view of constructivism. This merging of
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constructivism and a more social constructivist perspective is seen in the following quote
by Driver in which she describes the constructivist classroom as being a
"...place where individuals are actively engaged with others in attempting to
understand and interpret phenomena for themselves and where social
interaction in groups is seen to provide the stimulus of differing
perspectives on which individuals can reflect. The teacher's role is to

provide the physical experiences and to encourage reflection. Children's
meanings are listened to and respectfully questioned"” (p. 7).

Pedagogical Implications of a C Lq Model

Conceptual change theory began with a focus on leaming -- what conditions must
exist in the learner’s head for successful learning to occur? Thus, Posner and his
colleagues (Posner, Strike, Hewson & Gertzog, 1982; Hewson & Hewson, 1984; Strike
& Posner, 1985; Strike & Posner, 1992) outlined four conditions necessary for conceptual
change. The conditions, which are modeled on the conditions necessary for a scientific

paradigm shift, are:

1. There must be dissatisfaction with the existing conception.

2. A new conception must be intelligible or minimally understood.

3. A new conception must appear initially plausible.

4. A new conception must be fruitful.

The requirements outlined by Posner et.al. (1982) are cognitive conditions that
must exist in order for the student to develop a complete understanding of a conception that
directly conflicts with a persons initial beliefs. These cognitive conditions do not,
however, directly define what the teacher or the students should do in the classroom.
However, teachers must help students to meet the criteria of dissatisfaction, intelligibility,
plausibility, and fruitfulness if they are to successfully engage in the process of conceptual
change.

Because the process of conceptual change is a difficult one for students to undergo,

there must be a compelling reason for them to be willing to do so. A number of recent

research studies have focused specifically on teaching strategies and the kinds of activities
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that are necessary for bringing about conceptual change. Roth, Anderson, and Smith
(1987) suggested a set of five teaching strategies for bringing about conceptual change:
1. Eliciting and responding to students' misconceptions.
2. Focusing on explanations.

3. Probing after student responses.
4. Balancing open-ended and closed discussions.

5. Providing practice and application.

And Nussbaum and Novick (1982) investigated a two-part teaching strategy where
students are first made aware of their own relevant prior conceptions and then engaged in
"conceptual conflict” or "cognitive dissonance," triggered by a "discrepant event".

In general these teaching strategies portray a style of teaching in which both
teachers and students are cognitively active and engaged (Smith, Blakeslee, & Anderson,
1993). Teachers encourage students to express their ideas and interpretations orally and in
writing, to the teacher and with their peers, as they try to explain and understand the world.
Teachers who use this strategy also constantly encourage students to think more rigorously
about familiar phenomena, to modify their explanations in the light of new information, and
to develop explanatory and problem solving skills (Smith, et.al., 1993).

According to Smith (1993) this teaching approach represents a more "honest" image
of the nature of science. This image is composed of at least three parts.

1. Science has a complex structure or "conceptual ecology”. It is

composed of sets of interrelated ideas, not lists of facts, definitions, or
formulas. Thus knowledge of science lies as much in the complex and
dynamic relationships among concepts as in the concepts (or facts,
skills, etc) themselves.

2. Explaining phenomena is a fundamental purpose of science. When
students engage in making explanations, they are engaging in a central
task of science.

3. Scientific conceptions explain real-world phenomena, not just special
laboratory situations. Neither scientific conceptions nor the phenomena
that they explain are beyond the grasp of students' personal
understanding.

The key to successful conceptual change teaching is finding out about the student's

naive conceptions both prior to instruction as well as throughout instruction so that
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situations can be created in which the naive conception fails the student. This does not
typically happen in the traditional didactic approach or in the inquiry approach, although its
importance is alluded to in the theoretical framework of SCIIS. In the traditional didactic
approach prior knowledge was treated as irrelevant and was ignored. Students were also
not given the opportunity to actually use the scientific knowledge they memorized. In the
inquiry approach the students were encouraged to show and use their prior knowledge.
However, teachers too often were unaware of the ways in which students continued to use
their faulty prior knowledge to apparently (to them) successfully complete tasks. Their
prior knowledge was never fully challenged nor was a plausible, fruitful alternative made
available for them to consider and use.
The Role of Di inaC LC] q

A conceptual change, constructivist view of learning sees students as taking an
active role in building their own knowledge by modifying their existing conceptions
through the process of conceptual change (Pines & West, 1986; Posner, Strike, Hewson &
Gertzog, 1982). Students' prior and developing knowledge is central in the discourse.
Thus the discourse pattern in a conceptual change lesson is one in which the teacher elicits
the students' ideas about everyday phenomenon and provides opportunities for students to
puzzle over and question their ideas. This pattern is illustrated in the transcript segment
below which is taken from "Discourse Analysis as a Window Into the Classroom and Into
the Minds of Students" presented by Duschl and Petasis at the 1995 AERA conference. In
this segment the teacher elicits students' conceptions about whether the height of a boat's

sides affects its ability to float when something heavy is added to the boat:

Teacher: Ok. so, the sides matter.
S: Yes.
Teacher: You just told me no, they didn't

S: They do but not that much.
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Teacher:

Teacher:

Teacher:

Teacher:

Teacher:
S:

Teacher:

38

What do you think Monica? What do you think about the sides?

In our group when we made the boat the one with low sides held
more (washers).

A lot more? How many did the one with the low sides hold? The
big one with the low sides? Do you remember? The big one with
the real low sides.

Eighty.

The one that is not folded with the real high sides.

Sixty

And how about the little one with the lower sides? Did you
remember? You don't remember. Let's look in your...

Twenty
It held out about twenty. Is that a big difference?
Yes

Yeabh, it sure is. So, sides do matter, do you think?

(conversation continues with different students explaining why there needs to be a
balance between side height and surface area of boat).

In the didactic example earlier in this chapter all the questions asked were known

answer questions such as "what is the function of the optic nerve"? The questions in this

example do not fall into that category. The teacher is asking for observations, "how many

did the one with the low sides hold", and opinions based upon evidence "do sides matter,

do you think?" Rather than the teacher presenting information directly, she is asking the

student to provide the evidence from the experiment and to draw conclusions from that

evidence.

Similar to the inquiry approach the teacher asked the students to share experimental

findings and conclusions they have reached. However, in contrast to the way in which the

inquiry approach was enacted, with a tendancy toward unquestioning acceptance of all

ideas, this teacher did not unquestioningly accept each student's ideas. She challenged the

student who said that sides matter, pointing out that a moment earlier the student had said
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that they didn't matter. Following this challenge she asked the class a series of questions
which help them reach the scientific conclusion that yes, the sides do matter up to a certain
height.

Furthermore, unlike the inquiry approach, this teacher was helping the student
clarify, or make explicit, her thinking for herself. When the student said that the height of
the sides don't matter the teacher challenged her, noting that she just said a minute ago that
the height did matter. In this way the teacher is helping this student make her thinking
explicit for not only the teacher, but for herself. She was then able to go on and clarify that
the sides do make a difference but that there is a point of "diminishing returns" with respect
to the height of the sides. This probing of student thinking, making ideas explicit, and
challenging an individual student's thinking is the hallmark conceptual change discourse.

Eleanor Duckworth (1987) focuses more specifically on the discourse of the teacher
(rather than teacher-student interactions) and describes the types of teacher interventions
that are helpful in a class discussion in which the goal is individual knowledge construction
through a process of conceptual change:

"...What do you mean? How did you do that? Why do you say that? How

does that fit in with what she just said? Could you give me an example?

How did you figure that? In each case these questions are primarily a way

for the interlocuter to try to understand what the other is understanding. Yet in

every case, they engage the other’s thoughts and take them a step further"

(1987, pp. 96-97).

Notice in the teacher questions that Duckworth advocates, the emphasis is on
probing the individual student's thinking so that both teacher and student better understand
the sense the student is making of the lesson. This is probably most clearly seen with the
question, "could you give me an example?". Although the other students may be sitting
listening to this conversation, and may indeed benefit from such a conversation, there is not
an explicit attempt to draw them into the conversation with questions such as "What do

other people think about her idea - do you agree or disagree?" or "Did everyone hear what

he just said? Did you all do it the same way?"



e <t
snotinf
Svacon
TLipa
advids
ety

20 2060



Critici e | Change Mode]

At this point one weakness in much research on student learning in science is that it
is not informed by a conception of the social organization of the classroom interactions nor
by a conception of the influence of the social participation structure (the norms for
participation including the rights and duties of both teacher and students) in shaping the
individual's opportunity to learn (Erickson, 1982). Cognitive views such as the
conceptual change model suggest that the learner constructs knowledge but does not take
into account how the social context of the classroom influences this construction (Marshall,
1989). Thus a critical variable to be examined in better delineating this process of
conceptual change in science is the classroom learning community and its social
organization and practices including the role of discourse in science learning.

Although researchers on student cognition often suggest specific teaching strategies
or ways of approaching content that could be employed to help students make sense of the
new science content in light of their less sophisticated prior knowledge (Ramadas &
Driver,1989; Roth, 1986; Posner, Strike, Hewson & Gertzog, 1982), little work has been
directed at identifying the ways the learning community in which these activities take place
is supporting or hindering student sense making in science. Thus little is known about the
way in which classroom interactions shape, or are shaped by, student learning in
elementary science.

Cognitive science models and a constructivist perspective have been very
productive as tools for conceptualizing student learning. However, there are those who
argue that the classroom context may influence students' cognition and moderate conceptual
change (Pintrich, Marx, and Boyle, 1993) considerably more than the focus on individual
cognition would lead us to believe (Driver, et.al., 1994). There is mounting evidence
which suggests that individual learning in classrooms is not isolated but greatly influenced
by peer and teacher interactions (Pintrich, Marx, and Boyle, 1993). The conceptual change

process, for example, may be influenced by being situated within different classroom
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contexts and shaped dramatically by the nature of the interactions between students and
teacher (Pintrich, Marx, and Boyle, 1993). Indeed, in a revision of their original paper on
moving towards a conceptual change model, Posner, and Strike (1992) conceded that a
wider range of factors than the individual student's cognition needs to be taken into account
when describing a learner’s conceptual ecology (or conceptual framework) and "the idea of
a conceptual ecology thus needs to be larger than the epistemological factors suggested by
the history and philosophy of science (p. 162) (Posner and Strike, 1992).

Few good models currently exist for understanding how social processes affect
student learning in classroom. However, there is widespread consensus that research on

social context should focus on teacher-student and on student-student discourse (Tharp &

Gallimore, 1988).

While the cognitive science and constructivist perspectives continue to help us better
understand the ways in which knowledge is structured by the individual many researchers
have begun to consider the social constructivist perspective and the role of the classroom
context, specifically the classroom discourse, in elaborating and shaping individual
conceptual change (Pintrich, Marx & Boyle, 1993).

Before discussing a social constructivist perspective, however, I want to take a step
back and define my terms. The ideas of "constructivism" and "social constructivism" have
literally taken the science education community by storm in the past decade. However, this
is not without its price. When examining the science education literature from the late
1980's and early 1990's it becomes clear that these terms have come to mean different
things to different people. Thus, before beginning a discussion on the view of science
learning and knowledge and the role of discourse when teaching from a social

constructivist perspective, I want to explain the way in which I am using the terms
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"constructivism" and "social constructivism” to clarify how I am distinguishing between
the two.

The similarities between constructivism and social constructivism are many while
the distinctions are subtle but important and are generally related to issues of classroom
discourse. I believe that social constructivism can be considered a logical extension of
constructivism. A social constructivist perspective builds on the ideas of constructivism
and expands on them, taking into account the social context of the classroom which
includes an emphasis on classroom discourse. Cobb (1994) holds the position that rather
than being two mutually exclusive or contradictory perspectives, the distinction between
constructivism and social constructivism is primarily a result of which perspective the
observer chooses to take. For example, if a researcher taking a constructivist perspective
was conducting research on students' conceptions about changes in matter, he or she might
choose to conduct clinical interviews with individual students. In these interviews the
researcher would elicit students' prior knowledge about change of state and attempt to
understand the ways in which individual students were making sense of instruction.

By contrast, if a researcher taking a social constructivist perspective was conducting
research on students' conceptions about changes in matter, he or she might choose to study
transcripts of class discussions in order to determine the ways in which the discourse in the
classroom learning community was helping or hindering the students, as a class, as they
worked to understand the concept of change of state. This researcher might be interested in
tracing the development of a scientific concept through the discourse across the course of
one or more class discussions and the meaning that the students, as a social group, are
making of the idea.

Similarly, a teacher who is holding a constructivist perspective would choose to
focus his or her attention primarily on the sense-making of individual students in the class.
He or she would provide many opportunities for individual students to write about their

changing ideas and the sense that they made of a particular experiment. A teacher holding a
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constructivist perspective would probably make sure that there were multiple opportunities
to talk with individual students during the lesson. During these conversations the teacher
might probe, challenge, create conceptual conflict, and so on with the individual student.
This teacher is not necessarily denying that the social context influences learning. He or
she is simply paying more attention to individual construction of understanding.

By contrast a teacher who was holding a social constructivist perspective on
teaching and learning would choose to focus primarily on the sense-making within the
larger group - either during class discussion or during small group time. This teacher
would create many opportunities for students to listen to and challenge one another's
thinking and ideas. Small and large group discussions and group written products would
form the cornerstone of the social constructivist teacher's classroom. Because the social
constructivist perspective represents an emphasis on the social context rather than on the
individual, the teacher’s attention would tend to be on the group rather than on the
individual. However, this is not to say that individual construction of understanding is
unimportant to the social constructivist teacher -- it is the ultimate goal.

From these examples, an image should emerge in which social constructivism is a
version of constructivism in which the observer (researcher, teacher) pays close attention to
the social context in which learning takes place. What should also be clear from these
descriptions is that the distinction between constructivism and social constructivism is not a
clear cut distinction but rather is a question of degree. The more a teacher focuses on
individual cognition, the closer on the continuum he or she is to representing a
constructivist perspective while the more a teacher emphasis the social context of learning,
the closer on the continuum he or she is to representing a social constructivist perspective.
The view of knowledge as being a construct which is social and changing is the same as the
constructivist perspective.

A major school of thought on social constructivism derives from the works of

Vygotsky. Knowledge, from a Vygotskian perspective, is a collaborative construction
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between individuals from which each individual then appropriates the knowledge.
Researchers such as Lemke (1990) and Edwards and Mercer (1987), base their work on a
Vygotskian perspective and represent the knowledge construction process as one in which
the learners are enculturated into a scientific discourse community.

Learning and thinking from this perspective are "situated in physical and social
contexts" rather than occurring solely in an individual's mind" (Greeno, 1989 p. 135 as
cited in Marshall, 1989) as the cognitive perspective could be taken to imply. This
thinking led curriculum theorists to draw on the philosophical and epistemological work
done on the social construction of knowledge as a useful way to think about knowledge
development in science and the ways in which students could learn science in school.

Leaming, from this perspective, is a social process of making sense of experience
in terms of extant knowledge (Tobin, Tippins, & Hook, 1992). Thus knowledge, from a
social constructivist perspective, is the product of language-based interactions that take
place in a social environment and is influenced by a person's prior knowledge.

Language, in the form of oral discourse, plays a central role in the social
construction of understanding. Mead (1934) was one of the first to formulate a social
constructivist approach to philosophy and psychology. Language played an important role
in Mead's thinking. Mead believed that meaning is constructed within the act of
communication. This communication is necessary if meaning making is to occur.
According to Bruner (1966), it is oral language which allows children to take elements of
their experience and organize them into increasingly more sophisticated thought structures,
a necessary condition of learning. Vygotsky (1962) theorized that thought is the
internalization of dialogue and that in order for students to be able to think through new
ideas, they must first talk through the ideas with a "more knowledgeable other".

Researchers with language minority students have found that part of learning to
make sense in science is appropriating a new discourse (Rosebery, Warren, and Conant,

1990). Barnes (1969) argues that the more a learner is able to control his own language
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strategies, and the more that he is enabled to think aloud, the more he can take
responsibility for creating explanations, a central goal of science. Talk is much more than
just a window upon mental processes and metacognitive concepts. Conversations are a
significant environment in which such thoughts are formulated, justified, and socialized
(Middleton & Edwards, 1990) and thought itself is enabled by language (Winogard &
Flores, 1980). Thus there is a recursive relationship between learning to talk science and
"knowing science" (Lemke, 1990; Bruner, 1966; Barnes, 1969; Vygotsky, 1962).

Rosebery, Warren, and Conant (1990) conceptualize scientific literacy itself as
discourse. They believe that science knowledge "is a socially and culturally produced way
of thinking and knowing, with its own ways of talking, reasoning and acting, its own
norms, beliefs, and values, its own institutions, its shared histories and even shared
mythologies”. Language is used to think and act as members of a science community.
Thus, from a social constructivist perspective language plays a critical role in learning and
is part of what is learned.

According to Marshall (1989), a "social constructivist conception implies that we
need to focus on the social context within which academic tasks are presented and within
which academic cognitions are constructed”. The social context of the classroom
communicates to students what aspects of knowledge are valued, what counts as learning,
the form knowledge takes, and what sorts of learning activities are valued. These are
messages that students receive both explicitly and implicitly through their daily interactions
with the teacher in the classroom as well as in the classroom discourse patterns established
by the teacher. In these ways the social context of the classroom has a major influence on
the form that the science knowledge ultimately takes in an individual's mind.

For example, Roth (1992) describes how her vision of the cognitive science
approach to teaching and learning has been broadened to include the learning community.
Rather than focusing on only the individual cognitive aspects of teaching for conceptual

change in her teaching of fifth-grade science, she explicitly situates these aspects within
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what could be considered a social constructivist learning community (See figure 2.1).
Thus, although a conceptual change model guides her instructional decisions and actions,
she emphasizes that a community which explicitly values characteristics such as
collaboration, public sharing and revision of ideas, and valuing and respecting others' ideas
plays an integral role in supporting learning.

The social context of the classroom has an important influence on the form the
science knowledge takes in the individual student's mind. For example, if the classroom
setting is one in which the emphasis is on the teacher telling students the scientific "facts",
and students getting work done individually and often in competition with peers, students
will tend to view science knowledge as a series of facts to be memorized and repeated at the
appropriate time to the teacher who is the ultimate authority for knowledge in such a
classroom. However, if the classroom learning community is instead one in which
scientific knowledge is viewed as tentative and open to debate, in which collaboration,
sharing, and public revision of ideas is stressed, in which students write and talk with one
another to make sense of scientific phenomenon, students will be more likely to view
scientific knowledge and understanding as being socially constructed by themselves with
the support of their peers in the learning community.

Social constructivism represents science knowledge as being something that people
construct together through language. It also recognizes that all knowledge is social in
nature. From this perspective teaching involves eliciting different representations of the
knowledge and facilitating discussion and debate about these representations. Learning
involves a willingness to share your thinking and engage in discussion about different

representations of the knowledge.
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The Role of Di {0 a Social C ivist CI

A social constructivist classroom with an emphasis on discourse has a markedly
different participation structure> than a more traditional classroom in which the teacher
didactically presents the scientific "facts”. For example in a "traditional" classroom
language is most commonly used as a tool for knowledge display; the students demonstrate
that they know the correct "answer" during class discussion or on a worksheet or test.
Students in such a class are responsible for providing answers in response to questions
posed by the teacher. The teacher, in the role of an authority on classroom knowledge,
then takes on the role of evaluator with responsibility for determining whether the response
given by the student was correct or incorrect. In a classroom such as this the teacher may
ask a lot of questions. However, the questions asked are not questions designed to
stimulate discussion and debate as the teacher and the students puzzle together over the
ideas. Rather they are questions to which the teacher already knows the answer, often as
given by the teacher's manual. The responsibility of the student is to provide the answer
the teacher seeks (Cazden, 1988; Edwards and Mercer, 1987) as a way to display their
knowledge (Roth, 1986) to the teacher who is in the role of evaluator.

In contrast, in a classroom guided by a social constructivist epistemology,
language could be used as a tool for making ideas explicit by puzzling through these ideas
with other members of the learning community as part of the sense-making process. For
example, rather than giving finite answers, orally or in writing, the students would puzzle
through many ideas to explore alternative solutions to open-ended questions. And rather
than the teacher being the authority for determining the accuracy of a particular fact, the
members of the learning community would puzzle over many ideas together until a
consensus is reached by the group as to which ideas make sense and will become part of

their newly constructed knowledge. In this way all knowledge is viewed as tentative and

Sparticipation structures are the norms for participating in the classroom leaming community including the
roles, rights, and duties of the participants. For a detailed description of the role of the social and academic
participation structure of the classroom see Erickson, 1984 . For purposes of this paper, the ways in which
students participate in science (the participation structure) constitutes the learning community.
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constantly evolving and the members of the learning community play a role, through their
talk and writing, in shaping the knowledge that is learned in the classroom.

The discourse in a social constructivist classroom is often dialogic in nature. This
is best exemplified by highly interactive discussion in which the scope, development, and
direction of discourse are shaped by the interaction of what the teacher plans and what the
students say. Classroom discourse is negotiated by the conversants. Student responses
are more sustained, and the discourse is more coherent as both teachers and students speak
in response to each other. In dialogic instruction the teacher questions are authentic (no
pre-specified answers). Dialogic instruction is characterized by uptake, defined as the
teacher’s incorporation of a student's answer into a subsequent question (uptake refracts
the student's voice through the teacher's) (Tharpe & Gallimore, 1988).

The following brief example was taken from a whole class discussion in Mrs.
Runner's class and illustrates the dialogic pattern in which the teacher refracts the student's

response to her open-ended question back to the students:

Ms. Lawson:  And if you find something you want to share, raise your hand
and Ms. Smith is going to record it on the overhead. Okay...
Reiko?

Reiko: We believe the ice cube on the table takes longer [to melt] because
our ice cube was bigger.

Ms. Lawson: So you are saying that since your ice cube was bigger it took
longer?

Reiko: Yeah

Ms. Lawson: Anybody have any thoughts about that? What do you think about
that? They thought their ice cube was bigger so that would mean it
would take longer. Zane?

Zane: Probably..like..if they were by the window and like..the window
was here and they were right there and then the ice cube was right
here...if they were by the window it would get more heat.

Ms. Lawson: Comments about that? Okay..Manny?

Manny: I have a comment for Zane..um..Reiko says they weren't sitting by
the window
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Notice that the questions that Ms.Lawson asks are not ones with a pre-specified
right or wrong answer. Rather she begins by asking the students to share what they
noticed in the experiment. From here she builds on students' responses as they respond to
the original statement and to each other. Although all turns are clearly negotiated through
the teacher (with students raising their hands and waiting for the teacher to call on them),
students are not giving brief answers in response to the teacher's questions but rather are
listening and responding to one another.

Although the literature on social constructivism is largely theoretical, it can be
drawn on to create an image of an elementary science classroom. This elementary
classroom would emphasize that knowledge and understandings are constructed through
talk, activity, and interaction around meaningful problems and tools. Students in this
classroom would be taught how to challenge one another's thoughts and beliefs. They
would learn how to be explicit about their meanings so that others could challenge them. In
such a classroom children would need to negotiate conflicts or discrepancies in their beliefs
or evidence and they would need to share and synthesize their knowledge together in order
to achieve understanding (Rosebery, Warren, & Conant, 1990).

A social constructivist epistemology represents science knowledge as being a social
construct created through language by members of a scientific discourse community. From
this perspective teaching is facilitation of classroom discourse and learning comes about
through participation in classroom discourse.

Critici f a Social C ivist P .

At this point the primary criticism with teaching from a social constructivist
perspective is that, although the ideas are sound in theory, there is not a lot of empirical
evidence to support the assertion that students in a science classroom being taught by a
teacher holding a social constructivist perspective are going to learn, and understand, the

science concepts any better or in different ways than with a constructivist approach. One



50

reason for the lack of empirical evidence is that there are not a great deal of science
classrooms where the teaching is undergirded by a social constructivist perspective. Thus,
there are no concrete images for the teacher who is trying to put the theoretical ideas into
practice.

Another potential problem with teaching from a social constructivist perspective is
the possible interepretation that since all knowledge is socially constructed, then the
knowlege that students construct with their peers in science class is appropriate and valid
knowledge regardless of whether it agrees with the canons of science. This "anything
goes" relativism is very similiar to what happened in the inquiry-based classroom where the
teacher held all ideas as equally valid if the students had "discovered” them for themselves
and did not push or challenge the student.

s f the Di in Sci ; Historical P .

The four perspectives on science teaching and learning --a didactic perspective, an
inquiry perspective, constructivism/conceptual change, and social constructivism --all
represent different perspectives on the role of discourse in learning.

Didactic teaching represents science knowledge as being composed of facts and
definitions which have been "discovered” by scientists and defined by the teacher and the
text. From this perspective teaching is the transmission of the fact and learning is the
passive reception of these facts.

The discourse reflects this perspective. The teacher does most of the talking and
developing of scientific explanations while the students listen. When the students are asked
a question, it is typically a "close-ended" question to which there is a specific answer the
teacher is seeking. In this manner the discourse generally follows the traditional Initiation-
Response-Evaluation (IRE) format often seen in elementary classrooms. Rarely, if ever, do
the students question one another or the teacher on anything other than procedural

information.
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Inquiry teaching represents science knowledge as being composed of ideas and/or
processes which can be "discovered" by the students through active manipulation of the
materials under study. From this perspective teaching is the facilitation of inquiry and
support of the invention of scientific conceptions. Learning from this perspective is
exploration and discovery of ideas.

In this classroom the students do a great deal of the talking. The teacher encourages
them to share data and ideas and it was intended that he or she would provide information
which would help the students "invent" the scientific conception. However, in practice,
this information providing often did not happen and the discourse became one of open
sharing of ideas and "stories" with not challenge of these conceptions.

A constructivist/conceptual change approach represents science knowledge as being
composed of ideas constructed by individuals which are consistent with the canons of
science. Often these ideas are counter-intuitive and are constructed only after students more
naive or non-scientific conceptions have been challenged and the scientific conception has
been presented as an intelligible, plausible, and fruitful alternative to their naive conception.
From this perspective teaching involves eliciting and challenging students' conceptions and
providing intelligible alternatives which they help the student see as plausible and fruitful.

The discourse in this classroom involves students sharing their everyday
conceptions as in the inquiry classroom. However, in the conceptual change classroom the
discourse resembles a conversation between the teacher and the student to a greater extent
than in the inquiry approach. There is more coaching of cognitive processing by the
teacher. In addition to eliciting students' naive conceptions the teacher also challenges
students' conceptions and provides instances and situations where the students'
conceptions do not work for them

A social constructivist perspective represents science knowledge as being a social

construct which is created through language by members of a scientific discourse
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community. From this perspective science is discourse and scientific literacy is achieved
by being able to control and use the discourse to explain everyday phenomenon.

The discourse in a social constructivist class also looks like a conversation;
however, it is not just a conversation between the teacher and one student, rather it is a
conversation among the group which includes the teacher and all the students. Students
listen to, and question, not only the teacher but also each other’s thinking and ideas as they
struggle to make sense of the scientific phenomenon under study. One role of the teacher is
to support the students as they learn to appropriate this discourse by teaching specific ways
of talking in science, such as ways to agree and disagree. In this way the discourse is part
of what is learned.

Di . | Conclusi

One way to conceptualize scientific literacy is as Discourse (Rosebery, Warren and
Conant, 1990; Gee, 1989; Gee, 1995). From this social constructivist perspective, in
which all learning is considered a social and cultural process (Lemke, 1990), the discourse
is a central part of what is learned in science. It is only once students have learned the
discourse that they are able to control and use it to describe, explain, predict, and design
real world objects, systems, and phenomena, which are the activities in which scientifically
literate adults engage (AAAS, 1989). Which is the ultimate goal of science education
(MEGOSE, 1994).

Discourse in science class can take many forms. For example, the classroom
discourse could be limited to the students giving short information-based responses to
"known answer" questions asked by the teacher. Alternatively, the discourse in science
could take the form of an open-ended discussion in which students share their thinking and
ideas in response to situations posed by the teacher. It follows that the form of the
classroom discourse will influence what students learn about both science content and the
nature of science. For example, students may learn that science consists of facts and

information and has little to do with the everyday world. Therefore, they learn a number of
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disconnected lists and facts and isolated pieces of information. Or students may learn that
the purpose of science is to make sense of everyday phenomenon by puzzling through
ideas with teacher and peers. From this perspective they may view all science as consisting
of connected and related ideas with no artificial separation of the disciplines as they learn to
use evidence to support assertions about real world phenomena.

Because discourse does influence both the science content learned and the nature of
that learning, one way to analyze science education historically is to consider the discourse
engaged in by the participants -although discourse analysis was not the focus of this
research historically. This look at the approaches to elementary science over the last forty
years reveals a progression that can be seen as beginning with the teacher as the controller
of the discourse, shifting to more student control of the discourse, and then moving to the
idea of the classroom discourse as a conversation first between the teacher and a single
student and eventually between all members of a classroom learning community. In this
way the discourse and learning in science class is becoming more consistent with the view
of scientific literacy described in documents such as Science for All Americans (AAAS,
1989) and with a social constructivist view of teaching and learning.

One of the criticisms of teaching using a social constructivist perspective is that it is
still highly theoretical. Because social constructivism is a theory of learning which informs
a pedagogical approach as opposed to a strict pedagogical or curricular approach, there is
not a concrete set of "steps” or guiding principles or a teacher's manual which teachers who
wish to teach from this perspective can use.

The best way to support teachers who wish to teach science from a social
constructivist perspective is to provide them with images of what a social constructivist

science classroom might look like. Currently, however, as described in the literature
review, there are many images of what teaching from a social constructivist perspective
does not look like but scant images of what it does look like. For example, it is clear that

‘eachers who are holding a social constructivist perspective do not lecture didactically or
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merely facilitate experimentation, and they do not engage in an Intiation-Response-
Evaluation (I-R-E) mode of discourse. However, because there are not many classrooms
in which the teaching is undergirded by a social constructivist perspective, there are far less
descriptions of what such a teacher might do. If the role of the teacher is not that of
providing information or serving strictly as a facilator then what is the role of the teacher?
What form would the discourse take? If the discourse does not follow the I-R-E pattern
what pattern does it follow? In other words, what is the teacher in a social constructivist
classroom saying and doing?

In addition to the lack of concrete images needed to support a teacher wishing to
teach from a social constructivist perspective, there is limited empirical evidence to support
the theoretical claims that the discourse in a social constructivist classroom supports student
learning of science concepts in more meaningful ways than didactic, inquiry, or even
conceptual change teaching. This lack of compelling evidence may serve to discourage
teachers from being willing to engage in teaching from a social constructivist perspective,
especially given the lack of concrete images to support them in this endeavor. Thus, in
addition to concrete images of a classroom in which the teaching is undergirded by a social
constructivist perspective, there is a need for compelling evidence that the discourse in a
social constructivist classroom is going to promote student understanding of science
concepts in a more powerful way than current teaching perspectives.

Scientific literacy, in which science is conceived of as Discourse, was a framework
that the teachers in this study used for their planning and teaching. The result was a
classroom in which the discourse pattern was consistent with the discourse described in the
literature on social constructivism. This study examines and describes the discourse seen
in that classroom, comparing it to the discourse patterns seen with the different perspectives
anallyzed for this literature review. In this way this study provides one concrete image of a

classroom in which the teaching is undergirded by a social constructivist perspective.
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However, unlike many of the existing studies of discourse in science, which have
focused almost exclusively on describing the discourse, (Lemke, 1990; Anderson, Roth,
and Smith, 1988; Rosebury, Warren, and Conant, 1990), this study also examines the
relationship between the discourse and science content learning and the extent to which the
discourse helps, or hinders, science content learning. In this way this study also provides
empirical evidence that teaching from a social constructivist perspective helps some
students develop a powerful understanding of science concepts such that they can use the
concepts to make sense of everyday phenomenon.

In these ways this study brings together the research done on social constructivism,
classroom discourse, discourse in science, and science content learning, and extends them
to provide an image of a classroom in which science is Discourse and the planning and
teaching are undergirded by a social constructivist perspective, and examines the nature of

the science content learned in such a setting.




Chapter Three
METHODS AND ANALYSIS PROCEDURES

Introducti | Overview of the Ct

This study was a qualitative, observational study of a third grade science class over
the course of one teaching unit on "Changes in Matter". According to Erickson (1988),
qualitative, or qualitative, research is most appropriate when the researcher wants to know
more about what is happening in a particular case rather than across a number of places.
Interpretive field work is well suited when answering questions such as 1) What is
happening, specifically, in social action that takes place in this particular setting?, and 2)
What do these actions mean to the actors involved in them at the moment the actions took
place? (Erickson, Florio, and Buschman, 1980). I was interested in what was happening
in this particular setting, because the teachers were making an explicit attempt to support
their students in using oral discourse as a tool for working with their peers to construct
their understanding of science.

The purpose of this study was to describe and analyze the ways in which the
students and teachers participated in the discourse in science class in order to uncover and
explain the relationship between the classroom discourse and science content learning over
the course of one instructional unit of study. Issues explored included: (1) the nature of
the students' talk in science class, (2) the norms for participation in the talk in science class,
(3) the nature of the science knowledge found in the talk , 4) individual student's science

knowledge construction and (5) the relationship among and between these four factors.
Although there is a growing body of research on discourse in science, most of this

reseax-ch focuses on describing the patterns of talk in science (c.f. Lemke 1990; Roth,
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Anderson, and Smith, 1987; Yerrick, 1994; Hazelwood and Roth, 1992; Peasley, 1992) or
on developing curriculum and pedagogy to support students in leamning or "appropriating”
the discourse of science (c.f. Rosebery, Warren, and Conant, 1990; Smith, 1995; Duschl
and Petasis, 1995; Gee 1994). To date there have been few studies which have focused
specifically on the extent to which the classroom discourse helps or hinders student
learning of science content when learning the discourse of science is an integral part of the
curriculum and teaching. This study, which provides a qualitative description of an
elementary science learning community in which science js discourse (Gee, 1989), was
designed to provide this missing data on the extent to which the discourse helped or
hindered two students' science content learning.

This chapter begins with the research questions. I then give a rationale for using
qualitative research as a method. Following this is a description of the study participants, a
summary of the data collected and the data collection procedures, and a description of the
approach to data analysis that I used. The chapter concludes with a summary of the data
collection and analysis procedures.

Research Questions

The questions about classroom discourse and science learning which guided this

study were:

In an elementary science classroom in which the teacher is attempting to support
student construction of knowledge socially through the use of oral discourse:

a. What science knowledge do the students in this science class construct?

b. What is the nature of the students' talk in science class? What are the implicit
and explicit rules for discourse in science?

c. What is the participation structure in this classroom (including the rights, roles,
duties, and responsibilities of the participants)?

d. What is the relationship between the students' science learning and their
participation in the classroom discourse?
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Rationale for Using Oualitative R I

I chose qualitative research as a method because I wanted to look closely at the
actions that took place in this classroom and the meanings of these actions to the
participants. Science is not traditionally taught with an emphasis on discourse. Students in
a traditional science classroom are not necessarily encouraged to listen to and challenge the
ideas of their peers Most of the discourse in science class is monologic in nature with the
teacher talking and the students listening (Tharpe and Gallimore, 1988). Furthermore,
rather than being represented as a set of ideas to be questioned and puzzled over, science is
traditionally represented as being composed of discrete facts to be "learned" -- often
through memorization -- and repeated on a test or to the teacher at an appropriate time.
Students are often exposed to large numbers of facts and vocabulary words, tested for
recall, and moved on to the next topic (Anderson and Smith, 1984; Anderson and Roth,
1988).

I was curious about the ways the children in this non-traditional science class would
participate in the class discussion, and where and how the science content would appear in
the talk. I was also curious about the impact of the discourse on student learning of science
content and the ways in which different students engaged in the discourse and thus in the
science content learning. Interpretive research was one way of getting at all three of these
— the nature of the talk in science, the students' perceptions of their talk in science, and the
relationship of the talk to science learning.

My goal was to look for patterns of participation and learning that could be
connected to the discourse and the classroom learning community in this setting. The
students in this class are unique individuals. There will never be another class exactly like
this one. Therefore, events in this classroom cannot be used to predict events in other
classrooms. No other classroom is going to have the same composition of students with
the same personal and academic histories. However, it is possible to search for and

identify general patterns of interaction among the participants. If these patterns are shown
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to be productive in enabling the students to make sense of the science content in some
unique or sophisticated ways, a description of the classroom context and the interaction
patterns that were established could be established by other teachers in other classrooms. A
description of productive patterns of interaction around science content could help other
teachers consider ways they might interact with their students as they are making sense of
the science content. This study could also serve as a call for other researchers to begin to
examine the relationship between different forms of classroom talk and science content
learning.

Shifting F in Oualitative R I

One characteristic of field work is that although the researcher identifies a
conceptual focus in advance, this conceptual focus sometimes shifts and changes in
response to specific events occurring in the field (Erickson, 1986). Unlike a pure
quantitative study, qualitative research does not seek to control variables. Thus, it is
impossible to predict with total accuracy exactly what is going to happen in the setting. In
addition, data analysis and data collection become closely intertwined as data collection
proceeds (McMahon, 1992). The collected data is analyzed immediately upon leaving the
field by listening to tapes, expanding field notes, and writing vignettes. This analysis then
guides decisions regarding further data collection; this data collection then informs the
ongoing analysis, and so on. For this reason the researcher must occasionally shift her
focus in response to events in the field.

This study was originally intended to be a study of the role of talking-to-learn and
writing-to-learn in science. However, although there was an intended oral and written
literacy focus during science in this classroom, the emphasis shifted early in the unit
teaching to a predominant focus on oral discourse and the role of oral discourse in

sup porting learning in science. To this end many class discussions were held in which the
students were encouraged to think through their ideas orally and were implicitly and

explicitly taught a discourse pattern of making assertions supported by evidence.
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By contrast, most of the writing that took place during science was in the form of
data recording and procedure writing. During the actual unit there was limited opportunity
for the students to write about their thinking and ideas about the phenomena under study.
As a result of this shift in emphasis in the teaching, the focus of this research also shifted
from an intended focus on written discourse and the role of writing-to-learn science, to a
nearly exclusive focus on oral discourse and the role of classroom talk in learning science.
The Study Partici

The third grade team room at Atlantis Elementary was an unusual setting, created
primarily by the two lead teachers -- Mrs. Runner and Ms. Lawson -- who had decided to
work together as they engaged in professional development activities. The class was
actually a double class--the wall between the two classrooms had been knocked out-- which
functioned as a single learning community with two teachers. There were 42 students in
the class, evenly distributed between the girls and the boys. Mrs. Runner and Ms. Lawson
collaboratively planned and taught all 42 students throughout the day except during
mathematics time. At this time there was an accordion divider that was drawn between the
rooms to separate the two groups of students.

Many of the students in this class were foreign students whose parents were
graduate students at the adjacent Midwestern University. The majority of these students
were from a country other than the United States, spoke at least one language other than
English as their first language, and would return to their homeland in 3-6 years.

Of the 42 students in the double class I observed, five were English as a Second
language (ESL) students. Although all five of these students were new to the country the
previous fall (6 months earlier), they were very much a part of life in this classroom --
participating in all class activities and playing with the other children at recess time. Many
other students in this class had participated in the ESL program at some previous time but
were proficient enough in the English language that they no longer participated in this

program.
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From this class of 42 students I selected two target students at the end of the second
week of observation with the help of Mrs. Runner. I decided to follow the science learning
and talk of an Indian girl who Mrs. Runner considered to be very bright and articulate
about the role of discourse in her learning. The girl, Padma, is the focus of one of the case
stories in this dissertation. A second target student was originally selected to provide a
contrast to Padma, however because this target student was a special education student he
was not in the classroom during many of the science discussions. Additionally, over the
course of the unit a another boy emerged as being intriguing because of the ways in which
his learning and discourse contrasted with Padma's learning and discourse. This boy,
Casey, is the focus of the other case story in this dissertation.

Data Collected and Data Collection Procedures

To understand the ways in which the students participated in the talk and the sense
they made of the science content through their talk, I collected multiple types of data
including 1) field notes, 2) audio and video taped class discussions, 3) audio and video
taped teacher-led small group discussions, 4) informal discussions with the teachers about
their perceptions of the ongoing class discussion, S) copies of the teachers' unit plan and
daily plans, 6) three formal interviews with one of the target students, 7) student
documents.

The remainder of this chapter outlines the data collected in greater detail and
describes the analysis process I followed.
ot . iR fing Field N

I observed science during most of the days it was taught beginning in late February
and continuing through a school-wide science conference held on April 2-3. The timeline

in Figure 3.1 summarizes the unit teaching and data collection time frame.
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Figure 3.1
"Changes in Matter Unit "Timeline
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Although there was a block of time allotted to science Monday through Thursday,
there were many scheduling conflicts due to an assembly or other interruption during the
day as is typical in many elementary schools. Further complicating the schedule were the
student teaching requirements of Ms. Smith who had to teach a science unit that she had
created in her coursework at Midwestern University. To make up for the days on which
there was a schedule conflict or Ms. Smith was teaching, there were days on which science
lasted
longer than the scheduled forty minutes. However, on average, science was taught two

howrs per week generally across 2-3 days for a total of twelve science lessons. Each

observation was audio- and videotaped.
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There were several days I was unable to attend science class because of schedule
conflicts. On those days a video camera recorded the interactions of the participants. I was
then able to observe and take field notes from the videotapes. Altogether I observed
science a total of 12 days with many of these days consisting of a larger time block, the
equivalent of 2-3 lessons.

Whole class discussions conducted by Ms. Lawson and Mrs. Runner were
observed from February 29 to March 14. During these observations I sat off to the side
near the front of the room at a round table and took field notes. From this position I was
able to see the students from much the same physical perspective as the teacher’s.
Frequently the teacher who was not the lead teacher for the lesson sat at the table with me,
occasionally interjecting comments into the lesson and also commenting to me --telling me
something about a particular student or comment that she found interesting. I included
these comments as data in my fieldnotes.

I also observed the students as they worked on small group activities -- small
group experiments were a part of the majority for the lessons during the period from
February 29-March 14. Unfortunately, the groups were fluid and the students were
assigned by the teacher to different groups for each activity. Rarely were the same group
of students together for more than one activity. At this point in the unit Casey -- who is the
subject of a case later in this dissertation -- had not yet emerged as a target student.
Therefore, my observations were exclusively on whichever group Padma, who was one of
my original target students, was assigned to on each day. Padma and Casey were never in
the same small group during this period

Beginning on March 15 the class was divided into four small, teacher-led,
discussion groups with 10-11 students and 1 teacher per group. Padma was a member of
Mrs. Runner's small group. Casey was also a student in Mrs. Runner’s group, and it was
during this time period that he began to emerge as a potential case. Therefore, from March

15-April 3 I observed only Mrs. Runner and her group of 10 students. Although these
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were smaller groups, the discourse patterns and ways of interaction were the same as with
the large group. The groups were still teacher led, and most discourse was negotiated
through the teacher as it had been in the whole class discussions. Figure 3.1 on the next
page shows a time line of the enacted unit.

During the small teaching group observations I sat at a student desk near, but not
part of, the group of students. Because both Casey and Padma were in the same small
group I was able to focus my observations on their participation and interactions in the
group. As with the whole class observations, I audio- and videotaped all interactions and
took detailed field notes during the small group discussions. Because both Padma and
Casey were in Mrs. Runner’s group, I was able to focus my observations and field notes
on their participation and interactions in the group. Although my focus was on recording
the verbal and non-verbal communications of Padma and Casey, I was able to observe and
record information about the other participants in the group as well. In particular I was
interested in the extent to which Casey and Padma interacted with members of the learning
community other than the teacher, and the nature of those interactions.

Reflective Vi

Following each class I supplemented my field notes by listening to the audiotape
and writing vignettes about different moments in the lesson that were intriguing to me at the
time. Typically these were instances in which Padma and/or Casey participated a great deal
in the discussion, or were times when the students in general seemed particularly engaged
in the discussion and were listening to one another and agreeing or disagreeing and
generally building on each other's ideas in the way that the teacher intended. I also wrote
vignettes about instances which were marked because they were the opposite of this.
Equally intriguing were the days in which Padma and/or Casey appeared to be disengaged
from this lesson - possibly never volunteering or refusing to participate when called upon.

I was particularly interested in the events that proceeded and may have precipitated either of
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these two instances - intense student engagement in the discourse and apparent lack of
engagement in the discourse.

Writing the vignettes was primarily a tool for my personal reflections on my
observations. One way that I make sense of anything is to puzzle through it in writing.

Just as writing can help a student make sense of the science content, writing helped me
make sense of my observations. Often the act of writing itself helped me notice something
I'hadn't noticed before or provided new insight or another way of looking at an interaction
that had not occurred to me at the time I was observing.

These reflective vignettes provided an opportunity for me to puzzle through and
think further about my observations. Furthermore, they provided a permanent record of
my perceptions of the role of discourse in the science class at nearly the same time I was
observing it. It was through the writing of these vignettes that the largely invisible Casey
emerged as a fascinating participant in the learning community. However, even this was a
gradual process. Ididn't initially realize how much Casey was capturing my attention until
I began to reread the vignettes several weeks into the Changes in Matter unit and noticed
that Casey had began to play a greater and greater role in my reflections on my
observations. Without realizing it I had begun to write increasingly more about his
participation in the discussion, although he was not intended as a target student up until this

point. It was at this point --around March 14-- that I began to pay more attention to

Casey's contributions in class discussion.

Each day I visited the classroom I had a conversation with at least one of the
teachers about their plans for the day and the purpose of the lesson. These conversations
were not audio- or videotaped; however, I took extensive notes during them. On my first
visit Mrs. Runner provided me with the written materials that they had done during the

initial planning of the unit. These plans included several concept maps as they tried to
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identify the specific content they would teach. These maps, copies of which are in
Appendix A, helped me identify the intended curriculum prior to giving the administration
of the pre-assessment. I was then able to use these maps as contextual background. They
helped me understand what the teachers had originally intended to teach and the ways in
which this originally intended curriculum had been modified in response to the pre-
assessment data. The teachers also provided me with copies of their daily lesson plans
before each lesson. Samples of these plans for selected lessons described in this
dissertation are also included in Appendix A. The informal conversations and the copies of
the plans provided me with a context for watching the lesson and also served as a record
from which I later constructed an outline of the planned curriculum for the unit (this outline
appears at the end of Chapter 4). Having the plans in advance also allowed me to make note
of times when the teacher pursued a line of thinking that was not part of the original plan
but rather was one that the students had introduced or the teacher had modified based on an
earlier class discussion.
Student Interviews

Interpretive research is about the “meaning of actions to the participants” (Erickson,
1986). Therefore, it was important to talk to the students in order to get a sense of their
perceptions of the talk and writing that was going on during science and literacy time.
Interviews also provided information about the sense that the students were making of the
science content and what connections they were making. Padma, who was the original
target student, was interviewed three times during the unit. These interviews were
conducted on the last day the whole class group discussions were held (March 14), the last
day the teacher-led group discussions were conducted (March 29), and the last week of the
school year (June 3). Protocols for these interviews can be found in Appendix B.

During the first and last interviews Padma was probed about her understanding of

temperature and temperature measurement. In all three interviews she was questioned
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about the role of writing and talking through ideas in her learning of science. During these
interviews she was asked to point to specific entries in her science notebook to illustrate her
comments.

The third interview, unlike the first two interviews, also involved a group problem
solving task which Padma worked on with a partner. The way in which Padma interacted
with her partner during this task gave many insights into the way in which she viewed
herself, her role, and her talk in science class. All interviews were audiotaped and
transcribed.

Student Documents

Although I gradually began to become interested in Casey, he captured my attention
very subtly and did not emerge as a target student until I had completed data collection and
was fully into data analysis. For this reason, I do not have any of Casey's written
documents other than his unit pre- and post-test. Therefore, the documents described in
this section are primarily those of Padma, the other target student.

Group Written Laboratory Reports

I collected and copied all of Padma's group and individual writing. For each small
group or activity conducted, the students completed "laboratory reports" which required
them to draw or describe what they observed and to draw conclusions based on their
observations. They were also asked to support the conclusions with evidence. Although
these were group written products, Padma was often the "reporter” responsible for writing
the report. Copies of selected laboratory reports are found in Appendix C.

Padma's Science Notebook Entries

The individual writing was done in a science notebook and was initially much less

structured than the group writing. I copied Padma's notebook from the beginning of the

year so that changes in her writing across the school year could be considered.
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Pre- and Post-Unit Science Assessment

As part of the Changes in Matter unit the students were given a written pre- and
post-assessment instrument in order to determine changes in thinking about the science
concepts over the course of the unit. These assessment instruments were oriented toward
conceptual understanding of the unit concepts and involved a series of "real world"
situations or problems. The instruments were specifically designed to examine conceptual
change across the unit. Every student in this class took the pre- and post-assessment.
Copies were made of all students pre- and post-assessments. This provided important class
data about changes in student thinking. Copies of the pre- and post-assessment

instruments are found in Appendix D.

Data Analysis: The Search for Patterns

From the twelve science lessons observed, five whole class and five small group
discussions were selected as the focus of the final data analysis. Field note data and the
reflective vignettes were used to make the decisions about which lessons, and portions of
lessons, to analyze. The other two lessons not included in the final data analysis were
predominantly small group experiments which were conducted early in the unit teaching.
Although the small group work with Padma was documented and includes some interesting
interactions between Padma and her male group members, analysis of the collaborative
groupwork taking place during these lessons was beyond the scope and focus of this
dissertation.

Furthermore, I narrowed down the remaining twelve lessons by focusing only on
the science content discussions. Idid not analyze the procedural directions which
sometimes took up to 15 minutes at the start and end of science and literacy time,
particularly as the preparations for the school science conference intensified. Neither did I
analyze time spent doing science seat work or writing in the science journals. Again, while

these observations are interesting, they are beyond the focus of this dissertation. The
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remaining discussions were generally ones in which the students were explicitly being
supported in using their talk as a tool for learning science. For example, as will be
illustrated in the next chapters, the teacher was teaching them how to agree and disagree
with one another and was helping them learn to listen and respond to one another’s ideas.

The first step I took in data analysis was to transcribe these five whole group and
five teacher-led small group discussions during science and literacy time. These
discussions lasted anywhere from 20 minutes to two hours. As I transcribed each lesson I
kept a running inventory of things that I noticed. This first pass was a fairly broad cut on
the data. Generally the things I noted were "marked incidents” which stood out because
they were qualitatively different in some way than what had been taking place in the lesson.
Marked incidents, for example, were times when the flow or tenor of the discussion
noticeably changed- such as a shift from a discussion in which the students were sharing
their thinking and ideas to a more didactic lecture with the teacher providing information,
or times when a student participated in a way that seemed different from the participation
of other students. These marked incidents were of interest to me because of the effect that
they might have on students' perceptions of the learning community and on their science
learning. For example, what factors led up the teacher suddenly shifting to a "lecture
mode"? What might this shift communicate to the students about the nature of science and
science learning? Why does a given student respond differently than other students during
class discussion and to what extent, and in what ways, does this different participation
structure affect his learning?

Once identified, these marked incidents were then returned to for closer analysis. I
watched the lesson videotape specifically for these segments to double check the transcript,
confirm the identities of the participants, and to watch for any body language such as hand
raising, position relative to the teacher, and so on. I also read through my comments about

these incidents in the field notes.
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In addition to identifying marked incidents I used the lesson transcripts to identify
places in which the two target students, Casey and Padma, participated in the discussion.
These instances were carefully studied looking at the content of the talk, how and when
they got the speaking floor, and the nature of the interactions. Some of the questions I was
considering as I examined the transcript were: What sort of teacher or student moves
elicited a bid for the floor from one of them? Did they agree or disagree with ideas put on
the floor by their peers? By what mechanism did they receive the speaking floor ? Were
they nominated by the teacher or were they self nominated?

Videotape was used to supplement the lesson transcript. One pattern that was
noticed in the transcript was that Padma rarely participated verbally in the lesson. The
videotape provided information such as whether she was bidding for the speaking floor and
simply not receiving it, whether she appeared to be engaged in the discussion, or if she was
even present in class on a regular basis. Videotape data also revealed the pattern of
Padma's participation with respect to what type of questions elicited a bid for the speaking
floor and who had to ask the questions in order for Padma to attempt to gain the speaking
floor. Videotape was used in this manner for Casey as well. In his case particular attention
was paid to when and how he bid for the speaking floor and how often he actually got the
floor.

The questions on the written post-assessment were all constructed response items
in which the students were given a situation such as, "What do you think the temperature of
a cold glass of water from the drinking fountain is? Explain why you think it is this
temperature.” The majority of the situations were repeated in exactly the same form on
both the pre- and post-assessment so that a comparison could be made pre- and post-unit.
However, there was one problem on the pre-assessment which involved content not
covered over the course of the unit. This question was removed from the post-assessment

and replaced with a new question which involved the concepts studied in the unit.
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For each constructed response item on the assessment instruments I developed a
multi- point scoring rubric (see Appendix E). I then used the rubric to score the pre- and
post-assessment instruments of each student in the class. I determined the total number of
points possible on the assessment and calculated each student's pre- and post-assessment
score as a percent of the total possible points. I also calculated percent gain scores for
those items which were the same on the pre- and post-assessment and descriptive statistics
were used to describe and determine the significance of these gain scores.

This data was used to determine whether the students in the class developed a
conceptual understanding of the unit concepts and also to determine if Padma and Casey
were typical and representative of the students in the class.

I iew Analysi

I only had interview data on Padma. Transcripts were made of the three interviews
which focused on her understanding of the science content, her perceptions of the role of
talk in her leamning, and her perceptions of her role in the learning community. Transcripts
were coded according to these three categories. I was then able to compare Padma's verbal
explanations of the science concepts in the unit with her written responses on the post-
assessment, which were about the same concepts. This triangulation of the data helped
ensure that problems with the writing process weren't hindering her from expressing her
understanding of the science concepts. I compared Padma's descriptions of the role of talk
in her leaming and her description of her role in the learning community with transcript
segments showing her verbal participation in the whole class and teacher-led small group
discussion. I was particularly interested in the times when her perceptions and her
participation did not seem to agree.

Chapter Summary

This chapter began with a statement of the four research questions which guided

this study and a rationale for the use of qualitative research. Iincluded a description of the

participants in the setting, the data collected, and the methods of data analysis. In the next
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three chapters I will closely examine the classroom context, describe one whole class
discussion, and tell the stories of two students perceptions of, and participation in, the
learning community and the ways in which these perceptions and ways of participating

helped and/or hindered their science learning.



Chapter 4

BECOMING FAMILIAR WITH ONE SOCIAL CONTEXT IN WHICH
STUDENTS CONSTRUCT SCIENCE KNOWLEDGE

Inwoducti { Overvi  the C]

Atlantis Elementary School was not a typical elementary school, and the science
unit studied for this dissertation was not conducted as a traditional elementary science unit.
This chapter will introduce you to the school, the classroom, the participants in the learning
community, and the science unit itself.

Stud . Scientific Und fin in a Social C

Although a visitor's first impression of Atlantis! Elementary is one of extreme
diversity with many races and cultures represented, Atlantis is not a typical heterogeneous
elementary school. In order to understand the interactions that take place in this classroom,
the unusual social context needs to be described and attended to because some traditional
notions of race and privilege are tumed on end in this setting. In addition some traditional
norms for what it means to do school science are challenged in this unusual setting.

First I begin with a general description of the school, the surrounding
environment, its student population, and its involvement with Midwestern University as a
Professional Development School. This is followed by a description of the classroom, the
teachers, and the students who participated in this study, and concludes with a description

of the "Changes in Matter" science and literacy unit that was studied late February to early

April for this dissertation.

—

1Names of the school, the teachers, and the students are pseudonyms
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Welcome to Atlantis Elementary School

Atlantis Elementary is located in the center of a large apartment complex on the
western edge of the campus of a large midwestern university with a student population of
approximately 55, 000. It is a single story, sprawling, U-shaped red brick structure which
has recently been renovated to add a new wing to the school to house the lower elementary
classrooms (K-2). There is a playground in the center of the "U" behind the school and all
classrooms on the inside of the building open directly onto this playground via a coat room
which is between every two classrooms. The classrooms on the outer perimeter of the
building have this same coat room which opens to the outside, but they have to go around
the building to the playground. The classroom studied is on the inside of the building and
the playground is visible from the classroom windows.

Less than 300 students attend Atlantis, which is a true neighborhood school. All
of its students live in the campus apartments and walk to school. No students are bussed in
from nearby suburbs. The surrounding apartment complex has the traditional "married
housing" look of any midwestern university campus, although perhaps on a slightly larger
scale. There is a maze of red-brick, two story buildings with each apartment opening
directly to the outside. There is evidence of children everywhere. Sitting in front of many
of the apartments are Little Tykes® slides and climbing toys. There is playground
equipment for every cluster of buildings. On nice spring days there are often mothers and a
few fathers out pushing small children in strollers or playing with pre-schoolers on the
playground equipment. Although the students at Atlantis all live in these identical-looking
apartments, in reality their "homes" are strikingly diverse. The parents of these students
are all students themselves (or the spouses of students) at Midwestern University, and they
come from all over the world - from Chicago, to Russia, to the Middle East, to study at
Midwestern University.

Some of the parents are non-traditional American undergraduate students. Often

these are single-parent homes where the parent is both attending college full time and also
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working either full or part time. The children of these parents, however, appear to be in the
minority.

Many of the parents of students at Atlantis are foreign graduate students at the
university. The majority of these parents come are from countries other than the United
States, speak at least one language other than English as their first language, and will
return to their homeland in 3-6 years. The home life of these Atlantis students is very
different than that of their American peers. The customs of their homeland are still
celebrated in the home and, in some cases, one parent is a full-time parent while the other is
a full-time student. This was evident, for example, when a student brought in a quilt that
her mother had recently completed. Mika shared the quilt with the class and told the story
of quiltmaking in Indonesia .

Most of these foreign, graduate student parents, unlike the parents who are
American non-traditional undergraduates, are attending Midwestern University on some
form of fellowship or scholarship and do not hold jobs other than their graduate
assistantships. Often these parents are under tremendous pressure (imposed either by
themselves or by a number of external factors) to finish their schooling in a timely manner
so that they might return to their own countries.

The children of these foreign graduate students have often had many experiences
unknown to their American counterparts. Not only have they typically travelled extensively
in their homelands, but they have often travelled throughout the United States with their
parents on school vacations and en route to the university. In contrast, many of the
American students I spoke with had never been out of the Midwest, or even their home
state.

Because of the large number of students at Atlantis who do not speak English as
their first language, there is a large English as a Second Language (ESL) program at the
school. Of the 42 students in the two classes I observed, five were ESL students.

Although all five of these students were new to the country the previous fall (6 months
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earlier) they were very much a part of life in this classroom, participating in all class
activities and playing with the other children at recess time. The other children in the class
appeared very protective of their peers who were still struggling with the language, perhaps
remembering their own struggles, and it was not unusual to see a student helping one of the
ESL students understand what was taking place in the class or what was expected of them
on an assignment.

Atlantis Elementary thrives on its diversity and the celebration of this diversity is
evident from the moment you enter the school. There are bulletin boards in the hallways
featuring world globes and announcing that Atlantis celebrates the diversity of its students.
Immediately inside the front door is a wall on which the names of students who have read a
certain number of books are written on stars. The majority of these names are not Anglo-
sounding, but rather are a collection of ethnically diverse names such as Padma,
Mohammed, and Chen. Student art work in the style of different countries hangs
everywhere- from the ceiling, taped to the walls, and on bulletin boards. In the third grade
classroom, where this study took place, there was a large poster listing the countries

represented in that classroom and a tally of how many students were from each country:

Brazil 2 Korea 3
China 1 Nigeria 1
India 1 Taiwan 2
Indonesia 3 Thailand 1
Jordan 1 USA 5
Iran 1

As will be illustrated in a later case, students who might be underserved in a more
traditional school setting seemed to thrive in the culture of Atlantis Elementary. For
example, one of the target students in this study had come from India with her parents at
the age of six and had attended another elementary school in the district for first and second
grades. In this first elementary school, which is located in an upper middle class,
predominantly white neighborhood, Padma had many socialization problems which in turn
affected her learning. Her parents chose to move to the University Apartments just so their

daughter could attend school at Atlantis, where she thrived socially and academically. She
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had many friends, was very conscientious about her school work, and was generally
considered "smart" by both teachers and the other students in the class. Padma was also
recommended by her teacher to be a target student for this study because she was very
verbal and articulate about her thinking and learning.

The School as a Community of Educators

Atlantis is also unusual because of the professional commitments of its teachers.
Atlands teachers participate actively in partnership with Midwestern University in a
Professional Development School. The concept of the Professional Development school
was developed in response to reform efforts initiated by the Holmes Group (1986).
Although other schools around the country have also initiated this type of reform, each
Professional Development School is realized in different ways and with differing
philosophies. For this reason I will describe the Professional Development School concept
only as it is enacted at Atlantis.

The philosophy of the Atlantis Professional Development School is that school-
university collaboration in planning, teaching, and research benefits both K-12 students
and university students who are learning to teach while simultaneously generating new
knowledge for the larger community. In Atlantis many teachers have their work
schedules redesigned so that they have blocks of time for collaborative work with
colleagues from the school or university. These collaborative efforts focus on such
projects as planning for instruction, participation in study/reading groups, study of their
teaching, attempting alternative forms of instruction often with support from university
faculty, teaching undergraduate courses at the university, learning to support prospective
teachers, and so on.

To support this collegial work Atlantis had a restructured work week with school
hours Monday through Thursday lasting a little bit longer so that students could be released
at noon on Fridays. This arrangement allowed for the teachers to meet every Friday

afternoon across the school year for a variety of professional development activities.
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The Third Grade Classroom

The third grade classroom was an unusual setting, created by two teachers who
decided to work together as they engaged in their professional development activities. The
class was actually a double class which functioned as a single learning community with two
teachers. In many ways the room was a typical classroom - there were desks in groups,
a teacher’s desk off to one side, many chalkboards and bulletin boards, an overhead
projector, a computer, and a coat room.

Physically the only thing that might have looked different about this room to the
casual observer was that it was BIG. It was not one but actually two regular sized
classrooms in which the wall between them had been knocked out and replaced by an
accordion folding divider - although I only saw this divider closed once in the afternoon
during the 6 weeks I observed this class! There were two teachers' desks - one at each end
of the room. There were 42 students in the classroom. Two thirds of the students in the
third grade at this school were found in this one double classroom.

There were always at least two teachers, Ms. Lawson and Mrs. Runner,
collaboratively planning and teaching these 42 students during the day. Although half the
students were officially assigned to Ms. Lawson and half to Mrs. Runner, the students
appeared to view both Ms. Lawson and Mrs. Runner as their teacher and responded to both
teachers in very similar ways. For example, I never had the sense that they respected one
teacher more than the other or would only participate if "their" teacher were leading the
discussion. Although their desks were located in their "homeroom", the students often
were worked in groups that cut across the two classrooms, and they frequently sat in
desks other than their "own". As a result, it was difficult to distinguish Ms. Lawson's
students from Mrs. Runner's students; the classroom truly functioned as a single learning
community with two teachers.

Ms. Lawson and Mrs. Runner had one hour of release time daily for planning and

research activities and had been collaboratively planning and teaching all subjects except
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mathematics since the fall. In addition, the entire staff, or smaller grade groups, could use
their restructured Friday time to meet weekly across the year to work on their building-wide
focus for the year. This focus was the integration of science and literacy. This Friday
afternoon time also gave the teachers an opportunity to engage in cross-grade planning for a
"changes in matter" unit which was to be taught as a school-wide unit in the spring. This
unit would be taught in some form in each grade at the same time and was to culminate in a

school science conference to be attended by all the students.

Mrs. Runner: Listening and Responding to Students’ Ideas

Mrs. Runner, who was the lead science teacher in this classroom, was an
experienced teacher who had taught for more than twenty years. She has always taught
and enjoyed science. In describing her science curriculum and philosophy of science
education, she said that her goal for science is that, along with learning content, the
students would become more observant and curious about the world around them. She
believed that until they were curious about the world, science would not be meaningful to
them because the purpose of science is to answer questions and explain things in the world.
This belief seemed to be based more upon her years of experience teaching science rather
than on any specific research or reform movement, although it is consistent with current
thinking about the purpose and goals of science as described in the literature review chapter
and may have been reinforced through her PDS studies. She felt frustrated that her
students were not very curious about anything when they began third grade. She said that
she could have all kinds of interesting science materials set out around the room and her
students would rarely examine them or ask questions about what they were or why they
were there.

Closely connected to these goals for science teaching, Mrs. Runner said that
beginning in the fall she works with the students to develop three norms for participation in

science. These norms are that 1) they will become more curious about the world around
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them, 2) they will develop science observational skills which in turn will allow them to
become curious about the world around them and pursue their curiosity, and 3) they will
be able to work productively in small groups, because this is the way in which science
proceeds in the "real world".

She said that she wants her students to notice and question everything they see in
the world and be able to share these observations and questions with their peers. She
believed that curiosity is the foundation of science. If students do not notice the world
around them and are not curious about it, they have no use for science. Science is only
useful if it is purposeful, and it is only purposeful if it is trying to describe and explain
phenomena in the natural world. In addition, science is a social enterprise. Science
proceeds by sharing observations and questions about the world with other people.

This goal of helping students become observant and curious, and able to
communicate these observations and questions to peers, undergirded all of Mrs. Runner's
science content teaching during the school year. It was also reflected in much of her
discourse with the students during science.

Atlantis has had a long relationship of research with the university, and Mrs.
Runner has been involved in some of these research projects. For example, a Midwestern
University professor taught mathematics and studied her practice in Mrs. Runner's room
for several years. This professor used a constructivist approach to teaching and learning,
emphasized mathematical reasoning, and used classroom discourse as a tool for
constructing understanding of mathematical concepts. Her influence is seen in Mrs.
Runner’s discourse in science. Not a didactic lecturer, Mrs. Runner spent a large portion
of her instructional time listening and responding to students' ideas, not only when
assessing their prior knowledge at the start of the unit, but also as she taught the unit.
Many of the activities and experiments done during the Changes in Matter unit observed for

this study were designed to challenge a naive conception or reinforce a scientific conception
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that had emerged during class discussion the previous day. In this way the students'
thinking shaped the science curriculum in her classroom.

Mrs. Runner stressed the value of everyone participating and sharing their thinking
during class discussion and all ideas were treated as valuable. This is not to imply,
however, that all ideas were accepted as being equally scientifically valid, a problem often
associated with inquiry science programs (Roth, 1987). Both Mrs. Runner and Ms.
Lawson were very skillful at challenging naive conceptions and drawing out and extending
the scientific conception. Although it may have appeared to a casual observer, or even the
students themselves, that all ideas were used equally, Mrs. Runner and Ms. Lawson were
actually teasing out those ideas which would provide the most productive discussions in
terms of leading towards scientific conceptions. Sometimes they deliberately pursued a
naive conception if, based on the writing and the talk the students had done, they felt there
were many students who were holding a naive conception - this often led to an activity
which was designed to challenge the naive conception. However, it should be emphasized
that this deliberate eliciting and challenging of a naive conception was not the same as
having students share their ideas and accepting all as equally valid in an unchallenging
manner.

Buildi Students’ Thinki | [deas: A Vi

An example of the way that Mrs. Runner and Ms. Lawson elicited and pursued the
students' ideas was seen very early in the unit. The first activity that the students did in the
unit was to work in small groups to observe an ice cube melting, describe it as it melted,
and draw some conclusions about why it melted. This was followed by a discussion of
their results and ideas on March 3. The teachers' plans for the day included the following,

1. Review and discuss the ice cube on the tray experiment from last
Thursday (2-25-93)

Have students share their explanations and conclusions that they recorded on
their yellow sheets.

May be something like: "We believe the ice cube on the tray melted because the
warm air came into contact with the ice.
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2. Introduce the ice cube in hand experiment.

"Another idea that you had for melting an ice cube was to put it in your
hand/body. Why do you think that would melt the ice cube? We're going to
try this today. Make a prediction about what you think will happen when you
hold an ice cube in your hand. Make a prediction in your science notebook.

The following transcript segments illustrate the way in which the ideas found in the
teachers' plans above emerged in the discussion and the way in which the teachers were
able to move students gradually to talking about the idea that warm air has something to do
with an ice cube melting. The teachers also did not have to introduce the ice cube in the
hand experiment but rather were able to elicit the idea from the students and build upon it.
By the end of an apparent open discussion and sharing of ideas the teachers had made a

great deal of progress and accomplished their objectives for the day by building on the

ideas that the students themselves introduced rather than by introducing information directly

themselves.
Ms. L. So you were saying that you thought that since your ice cube was
bigger it took longer?
P: Yeah
Ms. L. Comments about that or other things people want to share?
Zane: Probably, like, if they were by the window and like, the window

was here and they were right here and then the ice was right here.
If they were by the window it would get smaller.

(This lead to a brief discussion about where different people were sitting relative to
the window. Following this Ms. Smith asked a question)

Ms. S. I have a question. What would sitting by the window have to do
with anything? How would that affect it? How would that make a
difference?

A: The outside is colder.

Ms S. So what would that do. Why would it change things?

A If it's by the window.. on the outside it is cold...It makes it, if it is

in.. it is going to be hot or warm..but if it's not it's kind of cold..but
it still melts but not as fast.

Ms. L: Ajani just said something that I noticed on a lot of peoples' sheets
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and that was an idea about warm air. An idea about the warm air
melting the ice cube. And I am wondering if anybody has
comments about that idea? A lot of people talked about it being
warm or hot in the room and that is what made the ice melt. Anyone
have a comment? Li?

Well I sort of agree with Ajani and sort of disagree with Zane. I
agree that if the air is cold it will melt slower but I think that light
also helps it melt.

And how would that melt it faster?

I'm not sure but most light.. I mean most light sort of..heat..and..
I'm not sure.

(The discussion about heat and light continued for another minute)

MsL:

So do you think we can kind of say right now that we have two
ideas about the ice cube melting...one is the warm air and the other
is light....Are there other ideas or comments that people want to
make...You could look through your yellow sheets to help you
remember what people said.

The discussion then continued as Ajani brought in the idea of warm and cold air.

The idea of air was then explicitly included by the teachers as they used the idea of warm

and cold. This was followed by an extended discussion by the students about how the

warm air melts the ice cube. Ms. Lawson concluded this portion of the discussion by

summarizing the ideas that they had discussed so far;

Ms. L:

Ms. L:

Okay.. if we think about that theory or that idea a little bit more and
we think about the hot air that is coming around the ice cube..what
is happening to the hot air and what is happening to the ice cube...
What do you think...Anyone have any ideas about that..what is
happening...Cause a lot of people mentioned ideas like this in your
groups...They talked about warm air..they talked about light..they
talked about the heat..they talked about heat in general..Henrique
what do you think about it?

Well..I agree with Casey..but another thing I think why my ice cube
melted was because I poked it around for awhile just to see if it
would melt faster that way..I touched it.. and then probably the
temperature of my body..it melted a lot faster..it melted really fast.

Now that is an idea that we are going to come back to a little bit.

The discussion then shifted to writing a class statement answering the question "We

believe the ice cube

because ." As students made
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suggestions the teachers began to push them on the idea of evidence to support their
assertions. After several had shared their ideas Ms. Lawson summarized what they had
said.

Ms. L: Okay..so that would be a kind of conclusion... we believe the ice

cube on the table melted because the heater..air in the room...what
did you say..came all around?

Mike: Spread around the whole team area.

Ms. L: Spread around the team area..the team room.

Ms. S: So that would be your evidence for why it happened?

MsL: So when you write a conclusion you need to have some evidence.

A little bit more than just saying "we believe the ice cube on the table
melted because ..it was hot" we need to know a little bit more than
that... We need to know why...okay here's what we are going to do
right now.

(Ms. Lawson introduces the ice cube in the hand activity.)

This early discussion was an important one. Many ideas were introduced by the
students which formed the foundation of future discussions. In class discussion over the
next several days many of the ideas introduced by the students were revisited to. For
example, the teachers continue to return to and build on the idea introduced by Li that the
warm or cold air is what causes the ice cube to melt faster. They also revisit Henrique's
idea that the ice cube will melt faster if someone is touching it and as evidence for this they
had the students measure and discuss their hand temperature -- that hand temperature is
warmer than the temperature of the air around them, and so would speed the melting time.
Ms. Lawson: Using Lteracy as a Tool for Learning Science

Ms. Lawson was the lead language arts teacher in this classroom. She was a new
teacher, having taught less than five years, and was a graduate of a smaller, thematic,
teacher education program at the university in which a small cohort of approximately 30
students worked closely with program faculty. The faculty who taught in this program

program were primarily literacy faculty, and, as a result, there was a strong emphasis in

this program on literacy and the teaching of language arts. The director of this program
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developed and taught a science unit as a requirement for her student teaching. Although
this unit was on animals in the ocean, when it was enacted it had many similarities to the
Changes in Matter Unit. Like the Changes in Matter unit, Ms. Smith emphasized science
as discourse. The unit was taught primarily through class discussion in which the students
were encouraged to listen to the ideas of their peers and agree or disagree. Also like the
Changes in Matter unit there was an emphasis in Ms. Smith's unit on eliciting students
naive conceptions and then designing instruction to challenge these naive conceptions.

One of the university faculty on the team, Dr. Nettings, had expertise in language
arts and communications and, in addition to participating in the teaching during science time
during the month of March, she had provided planning support for the teachers on a limited
basis in the fall, and on a more regular basis beginning in January. The other university
faculty, Dr. Jones, was a science educator who participated in the initial Friday planning
but did not participate in the actual teaching during March because he had primary
responsibility for another grade level as well as for coordinating the science teaching
building wide. Dr. Jones also played a large role in the planning and organization of the
culminating science conference held at the end of the school wide Changes in Matter unit.
Overyi  the CI in M Sci 1L Curicul

During the summer of 1992 the members of Atlantis Elementary met to determine a
curricular focus for their PDS study and planning for the coming school year. The result of
this summer planning was the decision to have a building-wide focus on science and
literacy with a common topic, changes in matter, to culminate in a school-wide science
conference in the spring. Once this decision was made, individual grade groups, and
individual teachers within those groups, decided what an emphasis on science and literacy
meant to them, how it would look in their classroom, and what sort of planning time and
teaching or planning support they would need. It was during this summer planning time
that Ms. Lawson and Mrs. Runner decided to collaboratively teach science and language

arts (which evolved into collaboratively teaching all subjects except mathematics).
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Ms. Lawson and Mrs. Runner were active participants in the school-wide science
planning meetings across the year. The focus of these meetings was on developing a
science unit broadly on the topic of "changes in matter” in which there was an emphasis on
the role of oral and written discourse in learning the science content. This was consistent
with the year-long school theme of "Science and Literacy" in which literacy (primarily oral
language) was used as a tool for making sense of science content.

Some version of this unit was to be taught concurrently by all the teachers in the
school from late February-early April. At the primary grades (K-2) this involved describing
the physical differences between ice and water. At the upper grades (4-5) the unit included
some activities adapted from Matter and Molecules (Berkheimer et.al., 1990) leading up to
the kinetic molecular theory. At this grade level students learned to explain the changes in
the states of matter in terms of the motion and arrangement of the molecules.

The third grade was at a midpoint- although they did not discuss states of matter at
the molecular level (i.e. the kinetic molecular theory) they went beyond a description of the
states to some prediction and explanation of change of state at the observable level. For
example, one of the main ideas in the unit was that when two substances of different
temperatures come into contact with one another the temperature of both substances may be
affected. Related to this was a second main idea that when the temperature of some
substances (such as water) changes enough, the form (or state) of the substance also
changes. Students were given many opportunities to practice using this new knowledge.
One activity they did was to predict what would happen to the temperature of a bowl of
soup and an ice cube when the ice cube was added to the soup. They then had to explain
their prediction, test the prediction, and explain their results. Because this activity involved
an ice cube melting, the idea of change of state was also part of part of this activity although
the language "change of state” was never introduced. Other similar activities involved

predicting and explaining what would happen to snow when it was at room temperature,
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predicting and explaining what would happen to hot chocolate if it were left at room
temperature, and designing an experiment that would show that two substances of different
temperatures change temperature when they come into contact with one another.

According to their intended curriculum developed during the fall and early winter,
Ms. Lawson and Mrs. Runner also planned to emphasize the nature of scientific inquiry in
their unit through the type of discourse in which they engaged the students. Consistent
with Mrs. Runner's philosophy, she explained to me that this discourse would emphasize
making observations and being curious and asking questions about those observations.
This discourse is similar to the form of the discourse in a scientific community. Also in
the scientific community science knowledge is constructed through making observations,
being curious, and talking about ideas.

The ongoing emphasis in the class was on providing evidence to support
assertions. This was evident in every class discussion during which time the teachers
repeatedly asked the students, "And what is your evidence for that?" whenever an assertion
was made. Through the activities they had the students do, the teachers provided
opportunities for the students to collect evidence which either supported their assertions or
caused them to discard or modify certain ideas and assertions. In this way the teachers
skillfully led the students to the scientific conception.

Therefore, the third grade unit was planned to have three overlapping components:
1) a science content knowledge component in which the students would learn a specific set
of science ideas an concepts, 2) a literacy component with an emphasis on listening to and
questioning one another, and 3) a nature of scientific inquiry component in which the
students were encouraged to observe and raise questions about everyday phenomena and
share these questions and their thinking with their peers. These three components are

described below.
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Science Content Knowledge Component

The third grade unit was originally designed to include both properties of matter and
changes of state of matter. The third grade team developed a concept map that showed the
relationships among the various related concepts they wanted to include in their unit (see
Figure 4.2). This concept map, which appears to be primarily a brainstorming exercise,
was used to organize the early planning of the unit. This map might be called more
appropriately a "topic map" because it is very broad and seems to cover many of the major
topics related to matter and its changes. At this early stage of the planning, specific
concepts were not delineated in the map. For example the concepts of freezing, melting,
dissolving, evaporation, and condensation are terminal points on the map. The following
large topics were represented on this concept map;

1) Observation and description of the three states of matter.

2) Properties of matter including shape, size, volume, and weight.

3) Change of state of matter including freezing, melting, dissolving, evaporation,
and condensation.

4) Temperature, temperature change, and temperature measurement

As the unit was enacted, the focus quickly shifted from teaching all four of these
topics to expanding on and teaching only topic number four; temperature, temperature
change, and temperature measurement. From early class discussions and writing coupled
with pre-test data the 3rd grade team discovered that students had many naive conceptions
about the concept of temperature, temperature measurement , and the causes and effect of
changing temperature. Students also exhibited confusion regarding the two temperature
scales, Fahrenheit and Celsius, and used the two interchangeably. The teachers believed
that an understanding of these concepts was necessary before students could understand the
concepts of states of matter and changes of state.

For example, on a pre-test one question ased students what they thought the
temperature of a glass of water from the drinking fountain was and why they thought it

would be this temperature. This is a deceptively simple question, requiring some
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sophisticated thinking on the part of the students. The student holding a scientific
conception would have answered the question by giving a temperature slightly above 32° F
or 0° C because that was a cold temperature and drinking fountain water was cold. They
would have gone on to explain that the temperature they gave was slightly above the
freezing point of water, which was important because if it was at or below the freezing
point the water in the drinking fountain would be frozen. The response that the students
gave to this question would indicate how meaningful the temperature numbers were to them
and also whether they had a sense of the concept of change of state of water at specific
temperatures and knew what those temperatures were.

The following responses to that question were given by the two target students and
were typical of those given by all the students, "34 degrees because some water fountains
are colder than others", "15 because 15 is pretty cold", and "I don't look at temperature
much so I can't do this, sorry" . In these examples none of the students who gave actual
temperatures used either Fahrenheit or Celsius units so the numbers do not have a lot of
meaning to anyone reading their pre-test. However, if these are assumed to be Fahrenheit
temperatures, they are both at or below freezing which would make the water in the
drinking fountain ice rather than water. If the temperatures are assumed to be Celsius
temperatures, 15° would be a borderline reasonable temperature (it is closer to room
temperature), however 34° would be much too warm for drinking fountain water.

The students' explanations also gave the teachers some important information.
Saying that 34° is a reasonable temperature because some water fountains are colder than
others does not appear to address the question of why 34 was selected as the temperature,
although it is apparent that the student did have a reason in mind. The other student
selected 15 because 15 is "pretty cold”. This is a step in the direction of an appropriate
explanation. They know that the lower the number the colder the temperature but they do
not mention the other piece; that it would need to be above 0° C (assuming they were

thinking of the Celsius scale) in order to keep from freezing.
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Similar responses were given to other pre-test questions which asked the students
to predict the temperature of a snowbank on a sunny day, the temperature of the air in the
room, and the temperature of their hand. From this pre-test data it appeared that the
students' understanding of change of state and the temperature at which this occurs was
fairly general and descriptive -- e.g., ice freezes at a cold temperature and water boils at a
hot temperature. It was clear that when considering temperature questions, students did
not typically take changes of state into account.

Ms. Lawson, Mrs. Runner, and Dr. Jones decided that if students were to
understand change of state at anything more than a descriptive level (i.e. when it gets hot
ice melts, when it gets cold water freezes) they would need to know what happened to the
temperature of a substance (such as ice) when it came into contact with another substance
(such as air) which was either hotter or colder than itself and be able to explain this change
at a macromolecular level. In other words, the teachers felt that in order to demonstrate an
understanding of the concepts of temperature and temperature change the students needed
to be able to explain the phenomenon of temperature change of a familiar substance, such
as pop when ice is added, and the sometimes resulting physical change of state (i.e. ice
melting). To do this they felt the students needed to explore questions about familiar,
everyday phenomena such as, "What causes the temperature of an ice cube to change?
Why does ice seemingly spontaneously warm up when left at room temperature? Why
doesn't ice stay frozen and the temperature of the room decrease instead? How can ice be
melted faster? Why does this melt the ice faster?"

From analyzing the pre-test data and early class discussions, the team also
discovered that the students had a lot of naive conceptions about the meaning of the
temperature numbers themselves. For example, students knew that zero was probably cold
and that 100 was probably hot on any scale. However they were not able to use this
knowledge to make sense of real world phenomena. For example, on the pre-test, some

students did give the information that 0°C (or 32°F) was the freezing point of water and
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100°C (or 212°F) was the boiling point of water. However, when asked to make a
prediction about the temperature of water that was very cold but not frozen, they were not
able to use the information about freezing and boiling points to predict a possible
temperature of the water - which would indicate that the numbers themselves had some
meaning to the students. In other words, the knowledge of the freezing and boiling
temperatures was in all likelihood information that they had memorized at some point, or
had heard in an out-of-school context such as listening to a weather report, but it was not
knowledge that was useful to them in making sense of the world. In this sense temperature
readings appeared to be disconnected numbers that for them had limited meaning.

Finally, students were confused about how to read a thermometer and so this also
became part of the unit. Possibly because many of them went to school initially in a
country where Celsius rather than Fahrenheit was the unit of temperature measurement ,
there was also confusion between Fahrenheit and Celsius scales. Keeping in mind that
many of the students would be returning to their native countries, the unit was consistently
taught examining both Fahrenheit and Celsius temperatures and noting the difference
between temperature reported in Fahrenheit and temperature reported in Celsius.

Therefore, following some preliminary activities and discussions in the unit, the
teachers decided to focus on the topic of temperature and temperature change for their
Changes in Matter unit. They felt that their students did not have the prior knowledge
necessary for understanding the concept change of state of matter. Their first goal
conception for the evolving unit was that the temperature readings have some meaning and
that students could estimate the temperature of unknown substances based upon certain
"benchmark” temperatures. Their second goal conception was that the students be able to
use the knowledge that when two substances of different temperatures come into contact
with one another, one or both of the substances will change temperature, to make

predications and generate explanations of various everyday phenomenon.
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Usually Mrs. Runner and Ms. Lawson collaboratively developed the science plans
either after school immediately following the science and literacy teaching time or during
their morning planning times on the day of the lesson. In either case they based their
instructional decisions upon what had occurred during the previous lesson's discussion.
For example, during the discussion on March 4, Mrs. Runner and Ms. Lawson discovered
that they had made too many assumptions - although students knew what temperature was
in a general sense, and knew that room temperature and body temperature were probably
different, they did not have background knowledge to predict what these temperatures
might be or to use these temperatures in any way. Therefore, in order to make sense of the
activity they had done on March 3, two additional days were spent discussing and
measuring room temperature and body temperature.

These concepts, developed on March 8 and March 10, were then used in the March
15 lesson where teachers and students developed what were to become "benchmark”
temperatures based on the temperature of familiar substances. These benchmarks were
used through the remainder of the unit as a basis for predicting the temperature of other
substances so that the predictions were informed by scientific knowledge and reasoning
rather than just being guesses. The benchmark temperatures also provided evidence that
could be used to support assertions about the temperature of unknown substances.

An éxamination of the teachers' plans for the unit shows the shift in focus that took
place across the unit as the teachers listened, and responded to, the students. The question
raised on February 25, "Why does an ice cube melt?" became the central organizing
question for the unit although it was not clear whether this was originally the intention or
whether this simply became a productive organizing question as the unit unfolded and was
shaped by the interactions among all the participants. March 3 began the shift in focus from
change of state to temperature and how it affects the melting of an ice cube, although at this
point the teachers anticipated that this was going to be a short detour. By March 10 the

emphasis has completely shifted away from change of state and focused on temperature
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measurement and developing benchmark temperatures to use to predict the temperature of a

substance.

By March 18 the students were using these benchmark temperatures to make

predictions. This continued through the "doctor for a day" planning, which is the way in

which Mrs. Runner decided they would present their learning about temperature at the

science conference.

Listed below is an outline of the intended curriculum taken from Ms. Lawson's

and Mrs. Runner's daily plans over the course of the unit.

2725
33

3/4

3/8

3/10
3/15

3/16
3/18

3125

3129

3730

4/2

What does it mean to melt? Why does an ice cube melt?

Ice cubes melt because warm air comes into contact with ice. An ice cube
will melt faster if it is held due to contact with body temperature.

The ice cube on the table melted because of contact with warm air.
The ice cube in the hand melted because of contact with a warm hand.
Body temperature is around 98.6F, room temperature is around 70 F.
Therefore, ice in hand melts faster than ice on table.

Temperature is the amount of hot or cold an object has. Body temperature
is 98.6 F and room temperature is 70 F.

Room temperature is going to vary but it is around 70 F.

The temperature of snow is around freezing, the temperature of oatmeal is
around room temperature, the temperature of hot soup is around body temp.
(These will serve as "benchmark" temperatures for making predictions.
Procedure for reading a thermometer.

Same as 3/15

Can use benchmark temperatures to predict the temperature of other, similar
things.

Procedure for reading F and C temperature on a thermometer.

Science conference planning - Doctor for a day. What is hand and body
temperature? Are they the same or different? Why?

Science conference planning - Doctor for a day.

Review of what they have learned about taking temperatures, benchmark
temperatures, and predicting temperature using benchmark temperatures.

Science conference planning - Doctor for a day. Measuring hand and body
temperature. Reporting temperature in degrees Fahrenheit and Celsius.

Science conference.
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Although the teachers in this classroom were trying to establish new norms for
school science, it was a difficult task given the existing structure and limitations of the
school day. First, helping students construct their understanding of science through oral
and written discourse takes considerable more time than the more traditional lecture
method. This means that more than the traditional 20-45 minutes per day needs to be
allocated to science. This short period is simply not enough time to explore a science
question or issue in talk or writing in any substantive sort of way. The discussion has
barely begun when it is time to end. Additionally, if any experiment or hands-on activity
is done it takes the entire class period and any discussion or writing must take place on
another day. This segmentation tends to emphasize rather than bridge the gap between
"doing" science (process) and talking and writing about science in order to "understand”
science (content). This content/process dichotomy is something the teachers were
expressly trying to avoid.

The teachers also believed that if their students were to understand the unit
concepts, considerably less content could be covered on any given day than is typical
because it is being covered in much more depth than is typically done. For example, an
entire week (March 3-March 10) was spent experimenting and discussing the difference
between room and body temperature and how this difference might affect the ice cube
melting. This same topic, in a traditional lecture-based classroom, might be covered in 5
minutes by the teacher giving the students the information that room temperature is about
70°F and body temperature is about 98°F. Therefore, ice held in a person's hand will melt
faster than ice sitting out in the room on a tray. The problem with this information-giving
approach is that, as was illustrated by students' responses on the pre-test, the temperature
numbers have little meaning and are not useful to the students when they are simply
presented to, and memorized by, the students in this manner. By contrast, the teachers in

the Atlantis third grade classroom believed in taking the time necessary to make sure the
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students understood the concepts well. They also believed that this understanding took
repeated opportunities to "play around” with the ideas orally and in writing.

Because of this need to spend more time on science, and to cover the content at a
much slower pace than is traditional, it seemed as if a balancing act was always going on in
this classroom. Originally the team intended for science and literacy to last 1-3 hours at
least four afternoons a week. However, in order to teach science in larger blocks of time
like this, something else was going to receive less time. On some days the teachers felt they
could not justify so much time spent on science and literacy as they were falling behind on
other things. For example, on at least two occasions science time was partially or totally
replaced by mathematics because too much time had been consistently "borrowed” from
mathematics time. Other times science provided an authentic context for mathematics
instruction and so some of the science and literacy time was also spent on mathematics. An
example of this was a discussion of the temperature data the students had collected. The
data was compiled into a class list, and the children used this data to work with the
statistical concepts of mean and mode, discussing which was the more mathematically
accurate way to treat the data. Thus, science was taught in larger blocks of time but it was
not taught every day.

In addition to students learning specific science content, there was another ongoing
goal the teachers were working on which is not readily apparent from the their written
plans. Both Ms. Lawson and Mrs. Runner were committed to helping the students
become curious about a phenomenon- temperature change- that they had encountered every
day of their lives and had unquestioningly taken for granted. Just as the anthropologist
studying his or her own culture has to first "make the familiar strange” in order to notice
patterns (Bogdan and Biklen, 1982), so too an everyday phenomenon has to be made
problematic for the students in order for them to become curious about the underlying
scientific explanation. Unfortunately, as Mrs. Runner discovered during her years of

teaching, schools do not actively seek to elicit children's curiosity. As a result, curiosity -
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which is the cornerstone of science- is typically not a norm for elementary school science.
To begin to change this "lack of curiosity” norm, teachers needed arouse the students'
curiousity about why an ice cube melted and what there was about holding an ice cube in
your hand that made it melt faster.

During the first half of the unit all 42 students participated in class discussions
together. Then there was a shift in pedagogical strategy approximately half-way through
the unit. On March 15-March 30 students did not meet as a whole group during science.
Rather they broke into four smaller groups. Each of these groups was led by a teacher;
Ms. Lawson, Mrs. Runner, Dr. Nettings, or Ms. Smith. Initially the intended curriculum
for each of these four groups was the same. However, once they started planning for the
science conference on March 25, each group did something different because each group
was responsible for a different conference presentation. I followed the group headed by
Mrs. Runner because my target students were placed in this group.

Although the reason given for breaking into the four smaller groups was that it
would facilitate planning for the science conference, I believe that it was also done for
purposes of classroom management. It is difficult to have a discussion with 42 students; it
takes a long time and many voices are not heard. Breaking into smaller groups facilitated
the participation of more students in the discussion, while at the same time did not take as
much time as a discussion with 42 participants.

Literacy Component

An important aspect of the science and literacy unit was that teachers were
attempting to change the classroom norms for participation in the science learning
community. Adding a literacy component to the science content knowledge piece was one
way in which these new norms were explicitly taught to the students.

As part of the literacy component, students were taught to listen to their peers'
ideas and to build on, question, or challenge these ideas. The teacher was not viewed as

the only source of knowledge. Rather, the students were taught that there is a great deal of
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knowledge residing within their discourse community if they were able to listen to and
build upon, or debate, each others' ideas. The goal of the literacy curriculum was to teach
them how to do this.

Reflecting these literacy goals, the class discussions during the "Changes in
Matter" unit followed a different pattern than the traditional norm in which the teacher is the
center of attention who asks the questions which the students answer while the teacher
evaluates the "correctness” of their answer. This teacher-dominated initiation-response-
evaluation (I-R-E) format is found in most science discussions (Mehan,1979; Cazden,
1988; Lemke, 1990). One reason the I-R-E format is so popular is that it appears to be
time efficient, allowing for a lot of content to be covered in short time period. In contrast,
a discussion in which students are supported in making sense of the scientific phenomenon
does not appear to be time efficient in the short term. However, in the long term, research
on conceptual change teaching and learning (e.g. Driver, Asoko, Leach, Mortimer, Scott,
1994; Roth, 1992) has shown that a pattern in which the students are supported in making
sense of scientific phenomena is more efficient because it results in personal knowledge or
understanding that students have constructed for themselves, and they have ownership over
that knowledge.

The intended literacy curriculum, with an emphasis on listening and consensus
building, was adapted by the third grade teaching team from the National Council of
Teachers of Mathematics (NCTM) Standards. This document, which emphasizes the
importance of student thinking and ideas, outlines both the teacher's and the students' role
in the classroom discourse. They may have selected to use this document rather than a
document specific to science because the recommendations in this document were more
detailed and specific than in any science education documents at that time. The

recommendations of the NCTM are, however, consistent with those found in Science For

All Americans (AAAS, 1989). For example, in Chapter 12 of Science for All Americans,
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"Habits of Mind", there is a segment on communication skills. The following are excerpts
from this segment:

Discourse in science, mathematics, and technology calls for the ability to

communicate ideas and share information with clarity, and to read and listen with

understanding....Everyone should have the skills that will enable him or her to do
the following:

*Express orally and in writing the basic ideas covered by the recommendations in

the report. This requires, above all, that students acquire some understanding of

those ideas, build them into their own conceptual structures, and be able to illustrate
them with examples and rational argument.

+Participate in group discussions on scientific topics by being able to restate or

summarize what others have said, ask for clarification or elaboration, and make

alternative responses.

In addition there is a segment entitled "Critical-Response Skills" which further
elaborates on the ways in which students need to be able to apply critical response skills to
"their own observations, arguments, and conclusions...and should learn to notice and be
put on guard by the following signs of weak arguments:"

* The premises of the argument are not made explicit.

« The conclusions do not follow logically from the evidence given.

* Fact and opinion are intermingled

Although the third grade teachers did not refer specifically to this particular
document, many of these same ideas are present and further delineated with respect to
teacher and student roles in the NCTM standards --which was used by the teachers to
support their science and literacy planning. According to the version of the NCTM
standards adapted by the third grade team, the teacher’s role in the discourse is to elicit
ideas and then listen carefully to student thinking. Once they have done this they need to
decide which ideas to pursue during a discussion as some ideas will be more productive
than others. The teacher also needs to make decisions about what type of problem will lead
the students into constructing a particular mathematical concept, if and when to provide a

particular problem, concept or proof, when to clarify an issue, when to model scientific

thinking and when to lead in a more didactic fashion. Finally, the teacher must monitor
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students' participation in discussions and decide when and how to encourage students to
participate and engage with their peers in constructing understanding. It may have been in
response to this complex discussion pattern that the teachers decided to break down the

group of 42 into four smaller discussion groups, thus allowing for more student

participation and easier monitoring individual student participation. The role of the teacher

as stated in the NCTM document is as follows:

Pose questions and tasks that elicit, engage, and challenge student thinking.
Listen carefully to student thinking.

Ask students to clarify and justify their ideas orally and in writing.

Decide what to pursue in depth from among the ideas that students bring up

during a discussion.
Decide when and how to attach scientific notation and language to student's

ideas.
Decide when to provide information, to clarify an issue, when to model and

when to lead.

AN O st

In addition to these NCTM-defined teacher roles, there was another teacher role that
appeared in the discourse in the science discussions in this third grade classroom. This
teacher role was to provide opportunities which would challenge the students' non-
scientific thinking and draw on ideas in the discussion which led toward understanding the
scientific conception.

According to the NCTM standards, the student's role during discussion is to
participate and help construct successful mathematical (or scientific) discourse through
making conjectures (or assertions), providing evidence, and asking questions. They are
also encouraged to listen not only to the teacher but also to the ideas of their peers. They
are expected to challenge their peers' ideas by asking for clarification or justification.
Finally, students have the responsibility for keeping track of the flow of ideas in the
discourse. The following list summarizes the student's role during scientific discourse as

stated in the NCTM document:

1. Make contributions including: stating conjectures, posing questions, providing
information and clarifying, elaborating, and justifying ideas.

2. Encouraging and challenging others by seeking their input or opinion,
reminding them that their contributions are valued, and asking for clarification,
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elaboration or justification.

3. Listen carefully and valuing the contributions of everyone.

4. Keep track of the flow of the discourse (how arguments are developing and

being supported).

When enacted in the Changes in Matter unit there was an additional responsibility
for the students which paralleled the additional one for the teacher. The teachers, both
explicitly and through the questions they asked, communicated to the students that they
needed to use the evidence collected through experiments and discussion to consider their
personal thinking and ideas and to make modification in their ideas to be more consistent
with the scientific conception. This is an important addition because it was this
responsibility which led students toward an understanding of the science content.

The two specific literacy concepts that were part of the "Changes in Matter" unit
were listening and reaching agreement (consensus). Literacy in this context was not
treated as a subject matter, nor as an isolated process. Rather, the goal of the literacy
instruction was to teach students how to use literacy skills such as listening, debating, and
writing to support their science learning, much the same way a scientist might rely on
literacy in his or her work. In this way science was to provide the authentic context for
literacy learning. The teachers planned to emphasize that in the real world listening is an
important skill. Scientists must listen to, and read, what other scientists write in order to be
able to agree, or disagree, about scientific knowledge. And just as scientists must listen to
one another in a scientific discourse community, students in a science learning community
must listen to one another so they can decide as a class what description or explanation is
the most plausible. A major emphasis in the literacy curriculum was to teach students how
to question, challenge, or build upon someone else's ideas and how to use other peoples'
ideas and thinking to revise their own ideas.

The way in which the teachers planned to promote this was through questions that
asked for students to make assertions and conclusions supported by evidence as called for

in the NCTE standards. The following are questions excerpted from the teachers plans:
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*What conclusions can be drawn? (have students share ideas)

*How can we be sure of our conclusions? (have students suggest ways)

*What evidence do we have? (summarize experimental and thought evidence)

*What is our group's conclusion? (reaching consensus)

*Do you agree or disagree with the conclusion? With XXX's ideas?

*What part do you agree with? What part do you disagree with?

These questions were asked repeatedly as the teachers helped the students construct
whole class versions of their conclusions which were consistent with the scientific
conception. Additionally, some of the science classes began with the teachers talking about
the discussion that had taken place in the previous lesson. If it had been a particularly
fruitful discussion in terms of making progress towards consensus about a scientific idea,
the teachers would describe to the students the types of things they had heard the students
saying that were particularly helpful to the discussion. For example they would note that
students had stated that they agreed or disagreed with an idea (rather than a person) and that
they gave evidence to support that assertion. So in addition to modeling the desired
discourse pattern by asking the questions described by the NCTM document, the teachers
also created opportunities to discuss and reflect upon the discourse strategies that had been
used in a particularly fruitful discussion.

Often an entire class period of 1-2 hours would be spent reaching consensus about
what conclusions could be drawn from an experiment. As described earlier, the teachers
were careful and skillful about drawing on those ideas that led to a final version of the
conclusion that was consistent with the scientific conception. Because many of the ideas
came from the students, and because they had debated over the ideas and the wording that
should be in the conclusion, the final group conclusion was something over which all
students who had participated verbally or through listening would hopefully feel
ownership.

The two main literacy concepts in the Changes in Matter unit were listening skills

and consensus building skills. The two of these are closely related -- it is impossible to

reach consensus if people are not listening to one another -- and thus were intertwined
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throughout the unit. As they were listening to their peers' ideas, the students were
encouraged to decide whether they agreed or disagreed with the other person's idea. They
would be asked to respond to the idea on the table. It was stressed to the students that they
were agreeing or disagreeing with the jdea rather than the person.

As with listening, consensus building during class discussion was an integral part
of the science discourse rather than a decontextualized instructional topic. For example,
early in the unit the teacher asked many questions such as, "Do you agree or disagree with
what Avesta just said?" which was a way of modeling or scaffolding students in using the
discourse pattern that was to be adopted in science class. In addition, the students were
always asked to tell why they agreed or disagreed. It was not sufficient to simply announce
that they agreed or disagreed with someone's statement; they needed to provide additional
evidence or reasoning for why they were doing so. They were continually challenged by
the teacher to prov{de this evidence. For example, if a student said "I agree", the teacher's
response was "Why do you agree?" or "Do you have an additional reason for why you
agree?"

In addition to the oral discourse there was some emphasis on written discourse.
Students had science notebooks which they had been using for a variety of purposes all
year. During the "Changes in Matter" unit they were to write their predictions, data, and
conclusions from the activities in their notebook. Additionally, during the second half of
the unit they were encouraged to use their science notebook to jot down anything that
emerged from the discussion that they found interesting or that they wanted to remember.
However, these notebooks did not work as well as had been anticipated as will be
discussed in the next chapter. In practice the teacher told the students what to write in their
notebooks, and the students dutifully recorded the data they were told to record. Unlike the
pattern in the oral discussions, they were not encouraged to puzzle through their ideas in

writing.
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N ¢ Scientific Inauiry C

This component linked the science content knowledge component and the literacy
component. As part of the unit students were to do many science experiments. The
science experiments were to be closely connected to the discourse and were intended to
both teach both science concepts and scientific processes such as debating ideas and
building consensus; this combination represents the essence of the nature of scientific
inquiry. Each experiment was designed to test a class hypothesis which had emerged
either from the students' writing or from class discussion and/or to provide further data or
evidence for an ongoing discussion. For example, the teachers pursued the student-
proposed theory that "an ice cube will melt faster if you are holding it than if it is on a tray"
by designing an experiment which provided data to support this theory. Another
experiment required students to measure and compare hand and body temperature. These
two temperatures, hand and body, were then used as "benchmark" or reference
temperatures for comparison to other data collected later in the unit.

The activities were also designed so that the purpose of the activity was not just to
collect data or answer questions, the purpose was to_make sense of the data collected. This
allowed the students to make sense of a real-world phenomenon such as why ice melts
faster when held then when left in a tray. What made the literacy component so critical
was that because of the many naive conceptions held by the students, there were many
times when there were multiple ways in which the experimental data could be interpreted.
This meant that different groups of students could conceivably arrive at different
explanations for their data. There were often multiple interpretations for any data set
although one explanation was generally more plausible and scientifically acceptable.

Because of this polysemic nature of the experimental data, the literacy and science
reasoning skills were critical. Without these literacy and reasoning skills, each student
might have the tendency to believe that their own interpretation of the data was correct

unless told otherwise by the teacher. The students needed to listen to the conclusions that
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different groups reached, compare them to their own conclusions, debate those conclusions
they disagreed with, and modify their conclusions if needed. Once consensus about the
meaning of the results was achieved, the activities provided evidence that students could
agree upon and use in their discussions with one another.

The activities also served the purpose of teaching students that science
knowledge is constructed through inquiry which is guided by authentic questions. In
science class, authentic questions are ones which emerge from the students' own thinking
and questions rather than questions which are posed by teacher and text. Examples of
questions which were student-generated and became part of the science curriculum are
described in detail in Chapter 5. Authentic questions in science do not call for memorized
definitions, a statistic, or a formula. Rather authentic questions in science are questions
about a real world phenomenon, such as "why does soup cool when an ice cube is put in
it?".

Table 4.1 shows an outline of the three different types of tasks in which the
students engaged during science and literacy time during the first half of the unit. Table 4.2
shows the task outline for the second half of the unit. During the first half of the unit the
students were all in one group of 42 for the discussions and all did the same activities in
groups of three. During the second half of the unit the shift in focus from changes in
matter to temperature was complete, and the students were divided into four groups of
approximately 10 students each. Each of these groups had a teacher who led the
discussion. All science activities at this point were teacher led and were typically done as a
group, although there were several that were done in groups of two. In addition, the
groups did not each do exactly the same activity near the end when each group was
responsible for a different presentation for the science conference. Table 4.2 summarizes

the enacted curriculum that occurred Mrs. Runner's group.
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An important thing to notice is that there was never a science task (or activity) that
stands as an independent entity. With only two exceptions there was always both a
discussion and a writing task to accompany the activity. The two exceptions were on
March 4, when the discussion went on for so long there was not time for the intended
writing task, and on April 2 which was a student-led science conference presentation for a
cross age group of their peers. There was no teacher present in this group on that day.

Table 4.3 at the end of this chapter represents the main ideas in the three curriculum
strands - science content, nature of scientific inquiry, and literacy -- as they are decribed in
the teachers' daily plans. One aspect of the science and literacy component that is clear
from the table is the natural way in which science and the oral and written literacy tasks
were integrated. In informal discussions before the daily science lesson the teachers
described to me the writing task and the discussion topic for the day and how they hoped
the task or discussion would help the students better understand the science concept. The
teachers intended that the discussion and writing tasks would add to and support the
students' understanding of the experimental activities that they had done in small groups.
The curriculum avoids becoming mindlessly activity-based through the use of discourse as
a tool for writing, thinking through, and frequently debating the data collected and the

conclusions that could be drawn from that data.
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TABLE 4.1
Description Of The Science Activity, Discussion Task, And Writing Tasks
For The First Half Of The Unit.
Date Science Task Discussion Task Writing Task
2/25 | (Done in groups of 3) (Whole class discussion) (Group product)
Predict what will happen to an | What will happen to an ice Write prediction and
ice cube on their desk. cube when it is left out on the | explanation. Draw the ice
Watch changes in the ice cube | desk? over time. Describe
over time. Describe and What causes the changes in the | observations. State a
explain what happened. ice cube when it is left out? conclusion.
Science terms worksheet to be
done between ice cube
observations
373 (Done in groups of 3) (Whole class discussion) (Group product)
Predict what will happen to an | Sharing conclusions, Write prediction and
ice cube when held in your observations, and explanations | explanation. Describe and
hand. Describe and explain for ice cube on tray melting. draw ice cube over time. Draw
what happens to the ice cube | Description of ice cube in hand | ice cube over time. Explain
and the hand holding it over experiment. findings. State a conclusion.
time.
3/4 Class discussion - review (Whole class discussion) None
previous day's activity. Sharing of anything interesting
Whole group measurement of | from the ice cube in hand
selected student's hand and experiment.
body temperature. Reporting hand and body
temperature data.
3/8 (Small groups) (Whole class discussion) Individual writing (science
Measuring the temperature of | What is the approximate notebooks): Why do you
the room at 8 stations in the | temperature of our hands? think body temperature is
two rooms. Groups rotated What is the approximate higher than hand temperature?
from station to station. temperature of our body? Completed table: Location,
temperature, and comments.
3/10 (Small groups) (Whole class discussion) Individual writing (science
Discuss data collected What did we measure on notebooks): Write what you
yesterday. Come up with one | Monday (hand and body noticed about the temperatures
room temperature. Decide temperature)? What does it around the room yesterday.
why that is room temperature | mean when we say we Complete the phrase "We
(justify). measured something? believe that room temperature
is because
3/15 Measuring and recording the (Teacher led small group Data (as given by the teacher)
temperature of soup, oatmeal, | discussion). is recorded individually in
snow. Predicting and How do you read a science notebooks. Teacher
comparing the difference in thermometer? directs them on how to set up
temperature between oatmeal | What happens to the a data chart in their notebooks.
and snow. temperature of snow and soup | Write predicted and actual

if they are left out at room
temperature?

temperature of the oatmeal,
soup, and snow.




108

TABLE 4.2

Description Of The Science Activity, Discussion Task, And Writing Tasks
For The Second Half Of The Unit

Science task

Discussion task

Writing task

3/16 | (Small group, teacher led, How do youread a Data collected from

discussion.) thermometer? temperature measurement

Using benchmark temps of | Is the temperature of snow recorded individually in

soup, oatmeal and snow to outside the same as the science notebook. Told to

predict temp of hot chocolate. | temperature of snow inside? record their observations in
Why or why not? What words, not just numbers.
factors affect the temperature of | Wrote a list of other things
snow? they would like to know the

temperature of.

3/18 | (Small group, teacher led, Brainstormed a list of items Individually write predictions
discussion.) Make chart of that were about the same for temperature of soda with
known temps. Use this to temperature as snow, the and without ice in science
predict the temp of soda with | room, and hot soup. notebook.
and without ice. Need to use Given math homework
the chart to justify prediction. worksheet, "temperatures we

know".

3/25 | Small group, teacher led, Teacher asks students for their | No explicit directions given
discussion. Plan how they can | ideas about what sorts of however students are taking
organize their science things she might have been notes about supplies needed,
conference "presentation”. thinking about when she procedure, etc. in their science

selected the "doctor for aday" | notebooks.
topic. Remainder of

discussion is procedural; what

supplies they will need, how

they will organize themselves,

etc.

3/29 | Small group, teacher led, Students volunteer concepts Occasional notes in science
discussion. Continued that they have learned about notebooks - up to students.
planning for science temperature which they might | No teacher directions re: doing
conference. Review of content | want to teach about during this.
leamed during unit - deciding | their session.
which were the important
things they wanted to share
with other students.

3/30 | Small group, teacher led What is the temperature of Occasional notes in science
discussion. Final planning for | boiling water? Are air and notebooks. No explicit
science conference. water temperature necessarily | teacher directions given
Discussion on the need for the same? however teacher praises kids
precise language in science - for taking notes.

i.e. water vapor vs. gas.
4/2 Cross age group led by None None.

students from "doctor for a day
group”. No teacher present.
Topic is taking and comparing
hand and body temperature.
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TABLE 4.3

Main Ideas In The Science Content, Nature Of Scientific Inquiry, and
Literacy In Science Components

Science Content

Nature of Scientific

Literacy in Science

Knowledge* Inquiry

Descnibe temperatures of | Observation 1s an In order to reach

objects or differences in important part of science. | consensus and decide

temperatures. (informal conversation which scientific description

-reading a thermometer with Mrs. Runner) or explanation is most
appropriate people need to
listen to each other.
(teachers’ plans)

Estimate the temperature of | Science proceeds by being | Writing can help support

objects by comparison to | curious and asking your thinking during class

reference temperatures of | questions about the world. | discussions or discussions

freezing, room (informal conversation with peers.

temperature, body with Mrs. Runner) (observation of Mrs.

temperature, boiling. Runner, Ms. Lawson, Ms.
Smith)

Predict changes in Expeniments provide data | Data/ideas need to be

temperature or state of an | to support assertions. written down so that it can

object taking into account | (observation of Mrs. be used at a later time

the temperature of the Runner, Ms. Lawson, Ms. | (teachers’ plans)

matter surrounding the
object.

Smith)

Explain changes in
temperature in terms of
contact or proximity of
matter of a different
temperature

Science proceeds by debate
and consensus building .
(teachers' plans)

Being a good listener
means listening to ideas to
build on someone else's
idea and to get new
information to revise your
thinking.

(teachers’ plans)

It is important to listen and
decide whether you agree
or disagree with a persons
idea and thenrespond to the
idea.

(teachers’ plans)

*Determined after the unit through discussion with Dr. Jones and Dr. Nettings and based upon participant

observation of the enacted unit.
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Chapter Summary

This chapter gave a snapshot of the school setting, the teachers in that setting, and
the "Changes in Matter" curriculum. This was not a traditional setting. The classroom
was a double classroom in which there were 42 students, two classroom teachers, a
university collaborator, and a student teacher. The students formed a widely diverse group
with respect to race, class, and country of origin. In addition while some of the students
were the children of foreign graduate students in which one parent was a full-time parent,
some of the students were the children of single parents working on a degree as a non-
traditional undergraduate student.

The school, Atlantis Elementary, was a professional development school in which
the professional development project for the school year was creating a school-wide unit on
the topic of "Changes in Matter". There was a focus on both literacy and scientific
understanding in this unit and the culminating school-wide science conference reflected this
focus.

When the unit was enacted in this classroom the teachers employed a different
discourse pattern than the traditional I-R-E pattern. The emphasis in this new pattern,
which will be described in detail in Chapter Six, was on eliciting student thinking and ideas
and encouraging students to listen to and agree or disagree with the assertion presented
based upon evidence.

A small segment of a lesson was described to illustrate the way in which the
teachers used is this new discourse pattern to probe student thinking and support them in
moving towards a scientific conception. A more detailed description of a whole class
discussion is found in Chapter Five while two students' perceptions of and learning

through such discussions is described in detail in Chapter Six.



Chapter 5

THE SOCIAL CONSTRUCTION OF UNDERSTANDING: TEACHERS
AND STUDENTS TAKE ON NEW ROLES DURING DISCUSSION

Overview and Purpose of the Chapter

The whole-class discussion described in this chapter took place approximately two
weeks into the "Changes in Matter” unit and is typical of the whole-class discussions that
were held during the unit. I elected to describe this particular lesson because it illustrates
the unique student and teacher roles during discussion. It will be used to examine more
clearly these roles and the pattern of discourse in the class.

This chapter also provides the context for the stories of Casey and Padma, whose
learning and participation in the discourse community are examined in Chapter 6. For the
stories of Casey and Padma to be meaningful, it is necessary to understand what a typical
whole group discussion looks like and the implicit and explicit teacher and student roles
and responsibilities during class discussion.

Teact | Student Rol IR ibilities During Di .

The norms for participating in the discourse in this class during the "Changes in
Matter" unit differed from the traditional in some important ways. Therefore, this chapter
will begin with a brief discussion of the discourse pattern, view of the learner, and teacher
and student roles and responsibilities in a traditional science class discussion and in a social
constructivist science class discussion.

A Traditional Science Class

In a "traditional” science class the Initiation-Response-Evaluation (I-R-E) mode of

discourse is prevalent (Cazden, 1988; Lemke, 1990; Mehan, 1979). In this mode the

teacher asks a question (jnitiation) which generally requires a one-word response or a short
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answer. A student is then nominated by the teacher and gives an answer (fesponse) which
the teacher typically evaluates (¢valuation) without necessarily considering why the student
responded the way that he/she did (Cazden, 1988; Lemke, 1990; Mehan, 1979). Answers
given by the student are deemed either right or wrong by the teacher and are not typically
challenged or questioned by the teacher or by the other students. If a wrong answer is
given, the teacher simply evaluates it as such (either subtly or not so subtly) and moves on
to another student until someone gives the scientifically correct answer. Once this correct
answer is given, it is accepted and the lesson continues.

This discourse pattern reflects a traditional perspective on the learner. From this
perspective a teacher assumes that all students are at a single place, point "A", prior to the
lesson. Through the presentation of the lesson the teacher moves the students from this
point "A" (no knowledge of the topic) to a new place, point "B" (a knowledge of the
topic) in a fairly lockstep fashion with all students assumed to be moving at approximately
the same pace and in the same ways. This view of teaching and learning implies a fairly
linear progression on the part of the students in which they progress from "absence of
knowledge" to "presence of knowledge" in a relatively unproblematic; if the teacher
presents the information in a clear and understandable fashion, its assumed the students
will learn. Figure 5.1 below illustrates how this path from point "A" to point "B" looks in
an traditional science class.

Figure 5.1

Traditional view of elementary science learning

Point A ------ >ecen- >-meeee- S>ecmemD>emmeeD>eenea>eee>-o--->-----> Point B

"Tabula Rasa" "Scientific fact"
"Scientific information"

Absence of knowledge Presence of knowledge

(all students begin here) (all students end here)
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From this perspective the role of the teacher is that of "presenter of information”,
and the role of the student is that of "receiver of information.” The responsibilities of the
teacher in a traditional classroom are straightforward:

*Present the information in an clear, understandable, and interesting manner.

*Question students orally and in writing to ensure they are "getting" (receiving) the
information.

Similarly the responsibilities of the student in a traditional classroom are
straightforward:
*Listen to the information presented by the teacher.

*Learn the information so that when questioned. orally or in writing, an appropriate
response can be given.

A Social Constructivist Science Class

The discourse pattern in a social constructivist class does not consist of the
traditional I-R-E pattern, although the teacher does ask some questions (initiation) and the
students do respond to the questions (response). The differences between a traditional
I-R-E pattern and a social constructivist discussion pattern are described and illustrated in
detail later in this chapter. Generally, however, there is a richer set of possible moves by
both the students and the teacher. Some of the differences are seen in the nature of the
questions the teacher asks, in the near absence of teacher evaluation except in one specific
type of situation, and in the presence of discourse moves not present in the I-R-E.

In addition to "Initiation" (I), "Response” (R), and limited "Evaluation" (EV), four
other moves were present in the social constructivist discussions in this classroom:
"Probe"” (P), "Redirect" (RD), "Reasoning" (RE) and "Revoice” (RV). As with both
initiation -- which may include teacher modeling or clarification of something a student has
said previously -- and response, these four new discourse moves may be made by either a
teacher or a student in a social constructivist discussion, although typically only the teacher
revoices or redirects as he or she facilitates the discussion. Furthermore, although a social

constructivist discussion typically begins with some form of a teacher initiation and a



114

student response, the pattern that follows varies depending on the context of the discussion
and the content of what is said in the previous move. Thus, although there is a pattern, it is
not as easy to characterize as the I-R-E because each move is so context- and content-
dependent.

This discourse pattern reflects a social constructivist view of the learner. From this
perspective, the progression from point "A" to point "B" is not a nice neat linear
progression, nor are "A" and "B" clearly defined points. Rather than being at a single point
"A" prior to the discussion, the students could be considered to comprise a constellation of
points. Some students will be fairly near, or even at, the scientific conception, others will
hold a variety of different, non-scientific, conceptions. The teacher must somehow, and
with the help of the students, shift this constellation of points (or conceptions) toward a
new, agreed upon, constellation -- the scientific conception. The scientific conception is
described as a constellation of points rather than a single "right answer" because there may
be more than one way of representing or describing the scientific conception. Not every
student in the class will represent their knowledge and understanding in the same way.

This process is not a linear one because everyone in the class is at a different
starting point and will not reach the scientific conception constellation at the same time and
in the same way. In addition, each student may follow a different path at a different speed
in reaching the scientific conception. Furthermore, as these different students share their
ideas in the discussion, all kinds of unplanned "side excursions" occur which, although
important, are not part of the main trajectory from "constellation A" to "constellation B".
At times the teacher may also see a need to enter into the discussion and take students off
the main path onto a side path that the teacher determines will be a helpful detour for many
of the students. These times are referred to as instructional detours when describing the

lesson. Figure 5.2 on the next page illustrates visually this set of relationships.
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Figure 5.2
Social Constructivist View of Elementary Science Learning

*ID=Instructional Detour

Rather than assuming a single starting point, the teacher who holds this second
perspective on teaching and learning realizes that there may be as many different
conceptions, and ways of representing those conceptions, at the beginning of the lesson as
there are children in the class. A goal for this teacher would be to create a common
discourse for teacher and students which includes not only common ways of agreeing,
disagreeing, and sharing thinking but also a common understanding of the "scientific”
terms that are being used in the discussion. Establishing a common discourse is one
purpose of the discussion described in this chapter.

Creating this common discourse requires the following teacher roles and
responsibilities:

*Valuing and probing students thinking and ideas and drawing on these rather than
presenting her own perspective.

*Working hard at understanding the students' arguments and logic.
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*Listening to student's thinking and "teasing out" the ideas that will lead them
collectively towards a deeper understanding.
*Treating students' questions seriously and using them as "teachable moments".

*Helping students articulate their thinking and give evidence or reasoning to
support their assertions.

*Keeping the discussion going in a productive direction by revoicing a student's
response, redirect a response by calling for agreement or disagreement, and
periodically summarizing the ideas on the speaking floor.

Associated with these common roles and responsibilities are a set of discourse

moves that the teacher makes. These moves are;

*Initiating the discussion by asking a question.

*Probing a student's response for reasoning.

*Revoicing a student's response.

*Redirecting a student's response by calling for agreement or disagreement.

*Evaluating a student's response during an instructional detour.

The student's role in a traditional I-R-E discussion is to pay attention to the teacher
and repeat the appropriate scientific "facts" at the appropriate time -- as determined by the
teacher. The student's role in a social constructivist discussion is considerably more
complicated and cognitively demanding. The students have the responsibility to listen to
both their teacher and their peers and to compare their personal ideas with the ideas on the
floor. They must then decide whether they agree or disagree with the idea proposed by the
speaker. In order to participate in the discussion, they must state their position and provide
evidence which either supports or challenges the assertion on the floor. Because the
teacher does not necessarily dominate the speaking floor, the rules for getting and
maintaining the speaking floor are also more complicated than in an I-R-E discussion.

Participating in a social constructivist learning community requires the following
student roles and responsibilities:

*Listening to, and valuing, the thinking and ideas of the other students in the class.

*Sharing thinking and ideas during discussion.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>