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The focus of this research is the role and value of scaffolding student discussions in
advancing students’ ability to co-construct theories and models from data they have
collected while investigating floating and sinking. Three principles, derived from a
sociocognitive perspective on science teaching and learning, undergird this instruc-
tion: (a) engaging students in reasoning practices in science, (b) offering explicit
guidance on the roles students can assume to monitor their own and their peers’ think-
ing, and (c¢) fostering a sophisticated epistemology of science by having students ex-
perience science as a process of revision. The participants were members of a Grade
3/4 split-level gifted class and a Grade 5 class in an urban district. Instruction occurred
over a 10-week period, in which students worked in small-group and whole-class con-
texts to develop and refine explanations for floating and sinking. Pre- and
postassessment data revealed changes in children’s conceptual understanding, as well
as changes in their beliefs about the nature of scientific problem solving. The primary
data were transcripts of whole-class discussions that were analyzed to reveal how
children’s notions of theorizing evolved over the course of the program of study
through a process of negotiation that was significantly guided by the teachers, sup-
ported by the roles that students assumed, and assisted with the use of'an array oftools,
such as theory and question charts, as well as the investigative activity itself.
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The purpose of this study was to design and implement a classroom intervention to
foster the development of an intellectual community in the context of science in-
struction. Our work is based on the assumption that young children can think about
and discuss science in sophisticated ways in classroom contexts that support stu-
dent interaction and engagement. Specifically, our focus was on the role and value
of scaffolding student discussions in the interest of advancing their ability to
co-construct theories and models from the data they have collected in the course of
inquiry regarding floating and sinking. This study joins an emergent literature re-
garding the use of scientific discourse to promote learning in classroom communi-
ties (Herrenkohl & Guerra, 1998; Herrenkohl & Wertsch, 1999; Hogan & Pressley,
1997; Palincsar, Anderson, & David, 1993; Van Zee & Minstrell, 1997; Wells,
1996). Three principles figure prominently in our approach: (a) having students fo-
cus on important reasoning practices in science, such as building explanations by
differentiating and coordinating theories and evidence, and using models to offer
further support for their explanations; (b) offering students explicit guidance on the
roles that they can take in classroom discussions to help them monitor their own and
others’ thinking; and (c) creating opportunities for students to develop a sophisti-
cated epistemology of science by participating in science as a process of revision.

SCIENTIFIC THINKING PRACTICES

Inquiry is a complex form of human thought that has developed over thousands of
years. It is a cultural legacy that prior generations have given to us to employ and
change. In a Vygotskian sense, it is a “cultural tool” (Wertsch, 1985) of a psycho-
logical nature, an approach to reasoning that others before us have found useful. As
aresult of this position, we strongly believe that children should not be expected to
come to some understanding of the nature of scientific thinking simply by being ex-
posed to interesting materials and problems. As Driver, Asoko, Leach, Mortimer,
and Scott (1994) note,

[The] ontological entities, organizing concepts, and associated epistemology and prac-
tices of science are unlikely to be discovered by individuals through their own observa-
tions of the natural world. Scientific knowledge as public knowledge is constructed and
communicated through the cultural and social institutions of science. (p. 6)

From this perspective, learning science is a social process of enculturation re-
garding the activities, conventions, and values of the scientific community. Encul-
turation in science involves the development of understandings that reflect both
the substantive and syntactic knowledge of the discipline (Schwab,1978). Sub-
stantive knowledge refers to the prevailing concepts, theories, and principles of the
discipline, whereas syntactic knowledge refers to the forms of evidence, methods
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of inquiry, and approaches to analyses that have been embraced by those practic-
ing the discipline. Although these processes are central to understanding science as
a discipline (Carey & Smith, 1993; Driver et al., 1994; Songer & Linn, 1991), they
are not self-evident, and students need considerable support as they develop and
master a repertoire of scientific reasoning skills.

Our approach explicitly focuses students’ attention on two important scien-
tific inquiry strategies. The first involves the important idea that theories and
evidence must be coordinated. Kuhn’s (1992) work has demonstrated that both
children and adults have a difficult time developing sound arguments in which
their choice of evidence is effective in supporting their claims, even in do-
mains that are familiar to them. Furthermore, research by Schauble and col-
leagues (Schauble, 1990; Schauble, Klopfer, & Raghavan, 1991) with upper
elementary students elucidates the range of challenges that students encounter
in the inquiry process, including the systematic generation and interpretation
of evidence. The students in these studies tended to seek confirmation of their
theories, and in the process made invalid judgments about disconfirming evi-
dence and supported interpretations with the use of invalid evidence. This
raises an important issue for teachers and researchers who view science as a
form of argument where data are used to bolster theoretical positions (Driver et
al., 1994; Kuhn, 1993). If children and adults are not able to coordinate theory
and evidence in familiar domains, it is appropriate to conclude that they would
not be able to do this in domains that are unfamiliar to them. If we make the
further assumption that many students have not had extensive opportunities to
become acquainted with the physical or life sciences, it is logical to believe
that students come to class without an understanding of how to generate con-
vincing arguments and explanations.

With this as a starting point, we have developed a set of intellectual tools that
we discussed with the students as our “three strategic steps in science.” These tools
include (a) predicting and theorizing, (b) summarizing results, and (c) relating pre-
dictions and theories to results. These three steps are not designed to mimic the
“scientific method,” nor are they designed to be used as a rote set of procedures.
We have conceptualized them as a set of thinking practices that can explicitly
guide students to construct powerful and convincing scientific arguments. We
view this set of steps as one of many sets of strategies that may be used to help stu-
dents generate and organize their explanations in science.

The interrelations between substantive and syntactic knowledge demand that
we also attend to how students make sense of the data gathered in the inquiry pro-
cess as well as examine the significance of the data with regard to existing theoreti-
cal and conceptual understandings. To support this goal, we have chosen a second
inquiry strategy—modeling. Modeling is yet another process that is central to sci-
entists’ work, especially the development of theories (Hestenes, 1992). Several re-
searchers have carefully investigated and examined the use of modeling with
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students of science (Grosslight, Unger, Jay, & Smith, 1991; Penner, Giles, Lehrer,
& Schauble, 1997; Smith, Snir, & Grosslight, 1992). It is evident from this work
that modeling is not a straightforward process for students. It is another way to or-
ganize thinking that needs a good deal of support to become a part of students’ rep-
ertoire of scientific reasoning strategies. In an effort to support students to
construct models that could be used to explain their perspectives, software de-
signed to facilitate model building (Smith et al., 1994) was included in a set of ac-
tivities for small-group exploration. In addition, there were several whole-class
benchmark activities that were designed to get students to actively relate concepts
with metaphors and graphic representations.

STUDENT ROLES

Another important aspect of our program, in addition to addressing and supporting
the development of complex thinking processes in science, is the explicit discus-
sion of roles that students can take in an effort to monitor and further their own and
others’ understanding. Given that much of schooling involves teacher-directed ac-
tivities and discussions (Cazden, 1988; Lemke, 1990), it is not surprising that we
have observed that students do not spontaneously ask questions of each other when
given opportunities to do so (Herrenkohl & Guerra, 1998; Herrenkohl & Wertsch,
1999). Expecting students to do this is analogous to assuming that they will eventu-
ally discover strategies for scientific understanding if given collections of interest-
ing materials. As we can see with the thinking strategies, just providing materiais
and opportunities for physical manipulation is not enough to get students to develop
complex thinking practices. It is necessary to provide explicit guidance. This is just
as true for taking on roles that embody good “habits of mind” (Rutherford &
Ahlgren, 1990) in science. If we want students to be supporting each other’s think-
ing then we need to help them find the voices to do so.

There are a number of possibilities for giving guidance to students regarding
roles that they can assume. In our case, we have chosen to begin by creating two
sets of roles that students take on, one procedural set that they use when working
in small groups to complete their investigations and another sociocognitive set
to use when acting as audience members during the time that small groups re-
port about their investigations to the whole class. The set of procedural roles is
similar to many cooperative learning programs and are designed to help the stu-
dents distribute tasks in an effort to efficiently complete an investigation with
the participation of all group members. The second set of roles, what we have
come to call audience roles, is designed to get students involved in questioning
and commenting on each other’s thinking in science. We believe that—in addi-
tion to helping students come to take on the roles of questioner, commentator,
and critic—we also have to give them guidance about what they might want to
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be questioning or commenting on. In an effort to give both social and cogni-
tive/disciplinary direction, students in the audience are assigned roles that corre-
spond to three steps in science. Thus some audience members are responsible
for checking predictions and theories, others are focused on the summary of re-
sults, and the remaining students are assessing the relation between predictions,
theories, and results. Both sets of roles rotate so that students have a chance to
take on all roles several times.

DEVELOPING STUDENT EPISTEMOLOGIES: A
“RE-VISIONARY” NOTION OF SCIENCE

The third feature of our approach attempts to address the need to help students see
science as a process of revising thinking over time. Too often science is conceptual-
ized as a passive process of receiving facts from textbooks and teachers or simply
observing and recording information accurately (Songer & Linn, 1991). It is not
viewed by students as an active and flexible set of conceptions that can and do
change over time (Carey & Smith, 1993). In our view, this perspective is a problem
for at least two reasons. The first is that science is not an objective set of facts nor
can it be found “out there” in the natural world. It is a body of representations about
the world that is both developed and constantly scrutinized within scientific com-
munities (Driver et al., 1994). It is contentious and debatable and changing so
quickly that many of us cannot keep up with the pace. If we as a society are going to
be able to continue this fast-paced exploration of the world, we need students who
see science as alive and as something that they may have a hand in furthering and
transforming,

The second reason that students’ epistemologies of science are problematic is
that they continue to perpetuate the “mistake stigma” in schools, a myth that
runs deeply through the fabric of school life. Despite the widespread emphasis
on constructivist approaches to learning, the object of schooling often seems to
be to “get the right answer.” Many school practices such as recitation,
worksheets, and in some cases lectures present or request the right answer. At-
tending these practices is the myth that mistakes are “bad,” they are embarrass-
ing, and the students (and teachers) who make them demonstrate a lack of
competence. In contrast, mistakes have been crucial to the development of sci-
entific knowledge, as important insights are often developed as a result of what
might be viewed as “chance” or “error” (Taton, 1957)—hence our interest in the
design of learning environments in which mistakes are appreciated for their
value in advancing learning and development.

We have attempted to redress students’ narrow views of science and their
negative view of mistakes through the use of the intellectual roles mentioned
previously and the use of public documents that allow students to chart and see
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the change in their collective thinking over time. These public documents are
derived from whole-class discussions and modified over the course of a unit of
study. For example, we created a theory chart that was displayed every day dur-
ing science. Students were responsible for articulating and adding theories that
were developed throughout the unit. Frequently, students who reported for their
group on a given day would be asked to make contributions to this chart. It was
also common to find students in the audience who were interested in knowing if
the theory that a group was using was different than the theory they used on
prior days. In addition, one entire class session during the middle of the unit was
devoted to reviewing the theory chart and deleting theories that were no longer
deemed plausible. This theory chart (and public documents generally) supported
students to make connections among perspectives, ask questions of one another,
and observe their revisions over time. The public documentation coupled with
the intellectual roles supported knowledge building rather than direct assimila-
tion of knowledge (Chan, Burtis, Bereiter, 1997). Practices such as these are ex-
tremely important, as they provide occasions for students to revise or literally
“see again” what they had said and thought on prior days. They also focused stu-
dents’ attention on important metalevel understanding about the nature of scien-
tific knowledge. As Carey & Smith (1993) note, “metaconceptual knowledge is
important in its own right, and it can be gained only by actively constructing sci-
entific understanding and reflecting on this process” (emphasis is ours, p. 245).
We believe that building reflection into the process of science will help students
adjust their thinking about mistakes generally and build an epistemology that is
more commensurate with the work of science.

RESEARCH DESIGN
Setting and Participants

Two classroom teachers acted as instructors and collaborators throughout this pro-
ject. One teacher had over 20 years of classroom experience, whereas the other
teacher had 4 years of classroom experience at the time of data collection. Both
teachers are interested in science and had participated previously in teacher training
institutes that focused on constructivist teaching in science. The teachers contrib-
uted to all aspects of the research design. Many hours were devoted to planning and
applying our program in the classrooms. One teacher taught in a third/fourth-grade
split-level gifted program with 27 students, and the other teacher was the instructor
of 24 fifth-graders. The classrooms were located in two different schools, approxi-
mately 1 mile apart, in a large urban city in the Northwest. The classrooms were
quite different from one another in terms of the population of students. Profiles of
the classrooms are provided in the following:

Copyright ©2000. All Rights Reserved.



SCIENTIFIC COMMUNITIES IN CLASSROOMS

Third/Fourth-grade split-level gifted classroom

Teacher’s second year with most fourth-graders
18 boys

9 girls

13 third-graders

14 fourth-graders

17 European American

5 African American

5 Japanese American (1 immigrant)

Fifth-grade classroom

Teacher’s second year with most students
11 boys

13 girls

24 fifth-graders

6 European American
12 African American (1 immigrant)
2 Vietnamese American (immigrants)

457

2 Filipino American (1 immigrant)

1 Laotian American (immigrant)

1 Latino (immigrant)

6 ESL

4 Eligible for special services as learning disabled

1 ESL
0 Eligible for special services
as learning disabled

2 free or reduced lunch 13 free or reduced lunch

Materials

To incorporate both teachers’ interests in sinking and floating investigations, a pro-
gram-of study focusing on this topic was developed. We worked together to gener-
ate the topic and then designed the small-group investigations as well as the overall
plan for the unit. We began by gathering resources that addressed children’s under-
standing of sinking and floating, buoyancy, and density. The work of Smith et al.
(1992; Smith et al., 1994) was influential in helping us design the program of study.
Specifically, we have adopted their “crowdedness model” as a way to help students
explain density at a macroscopic level that does not require an understanding of the
particulate theory of matter.

Each part of the unit had a set of activities associated with it.! In an effort to
help provide further context for our approach, we describe the baseline activity
and the first set of activities. This description will be important for readers to un-
derstand some of the results we present later. The baseline activity asked stu-
dents to predict if 16 everyday items such as a plastic spoon, a piece of graphite,
and an apple would sink or float and then give a reason to support their predic-
tion. Students were asked to test their predictions and record the results. The stu-
dents then prepared a report to share with the class. This activity was designed
to elicit a baseline discussion from the students as a whole class before giving
them instruction in the intellectual tools (i.e., three steps in science) and roles
that they could apply when working on their investigations and reporting to one
another in a whole-class setting.

'Before beginning the program of study, students reviewed the ideas of mass and volume through ac-
tivities and discussions in class.
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The investigations after the baseline were organized differently. There were
three sets of three activities that students rotated through as groups. Two groups of
four to five students each worked on the same investigation on any given day. The
roles and the public documentation were introduced during the first set of activities
and carried throughout the rest of the investigations. The first set of activities
asked students to order a set of objects? according to weight (Investigation 1), vol-
ume (Investigation 2), and a characteristic of their choice (Investigation 3). After
ordering the objects, students were asked to make predictions, test them, record the
results, and prepare a report for the class. Students were prompted to use the three
steps in science during small-group work time. Also, students were assigned intel-
lectual audience roles (which corresponded to the three steps in science) for the
first time after they completed their second investigation in this first set.

Another set of materials consisted of public documents that were developed
with the students during the course of the unit. The first was a guestions chart that
helped the students generate possible questions to ask reporters when taking on
their audience roles. This chart was created by the teacher and students when the
audience roles were introduced for the first time. The chart was then displayed on
every subsequent day to help support students in taking on their audience roles.
The other form of public documentation was the theory chart. This chart kept a
running record of all the theories that were generated by the small groups as they
worked on their investigations.

Classroom Contexts

Our science program involved four primary participant structures (Phillips, 1972),
including (a) whole-class time, (b) reporting or presentations of small-group re-
sults, (c) small-group investigations, and (d) writing activities designed to instruct
students in the use of different written genres in science (see Appendix A for further
details on these participant structures).

Approximately 90 min of instructional time per session for a total of 19 sessions
were devoted to these lessons, which took place over the course of a 10-week pe-
riod. Students were instructed to use their intellectual tools to guide them while
they completed their small-group problems. Again, these tools included (a) pre-
dicting and theorizing, (b) summarizing results, and (¢) comparing predictions and
theories to results. These tools were used as the basis for roles that were assigned to
student audience members during reporting time such that some students were re-
sponsible for checking the predictions and theories in the reports of other groups,

?The objects were large and small cylinders, large and small cubes, and a set of spheres made of
wood, lucite, recycled plastic, and aluminum. A different subset of these items was used for each inves-
tigation.
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some were responsible for the summary of results, and the remaining audience
members were responsible for examining the relation between predictions, theo-
ries, and findings. In addition to intellectual roles, procedural roles such as reporter
(presented small-group investigation to class) and scribe (prepared poster for re-
porter’s use during reporting time) were also used during small-group investiga-
tions (see Appendix B for a complete description of roles).

Data

Classes were videorecorded and audiorecorded during all whole-class time and
all reporting sessions. One small group from each class was recorded during
small-group investigation time. In addition, field notes were taken by a re-
searcher. Both teachers made journal entries throughout the duration of the pro-
ject at well. Transcripts of whole-class reporting sessions are the focus of
discussion in this article.

Pretest and posttest data were collected in the form of written protocols. These
pretests and posttests involved a series of questions designed to determine stu-
dents’ level of conceptual understanding, students’ beliefs about the nature of sci-
entific knowledge and the activity of scientific problem solving, and students’
general approach to learning in science. These questions were administered in two
45-min sessions (on a pretest and posttest basis) with reading assistance offered by
the teacher.

FINDINGS
Our Science Communities

Our main research question was: How did the intellectual communities develop
over time? Do the children’s scientific explanations and understanding of tools for
scientific thinking, including predicting and theorizing, summarizing results, and
relating predictions and theories to results, change over the course of the study? In
this discussion of our findings, we specifically focus on the evolution of the notion
of theory in both classes. This was a pivotal concept for the students to understand
and something that was clearly not familiar to them before we began. Because stu-
dents were asked to assume intellectual audience roles where they were responsible
for asking other groups’ questions about their predictions, theories, results, and re-
lations between these constructs, it was imperative that they establish some collec-
tive understanding right from the start. In the following pages we describe how
each class negotiated the meaning of “theory” as a conceptual tool that they would
then use to gain an understanding of why some things float whereas others sink.
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Before we explore the actual unfolding of discussion in each class, we present
results from the pretesting and posttesting to highlight the changes we observed in
student understanding. These changes provide a backdrop for exploring the actual
discussions in each classroom.

Students’ Explanations of Sinking and Floating

Students’ understanding of sinking and floating was assessed by asking them the
following question after they had just seen a demonstration:

Write your best explanation and model of why the plastic piece sank in the
fresh water but floated in the salt water.

Coding of this question involved two focal areas, The first focused on the writ-
ten explanation, and the second focused on the model. The written explanation was
simply coded for a reference to density. Terms such as density, crowded, compact,
packed tightly, and heavy for its size were all taken as evidence of a density expla-
nation. The second level of coding focused on the model. If a model was given, it
was coded to determine if it was a “dots and boxes” type (i.e., that it clearly de-
picted the mass, volume, and density units within the model itself).

Table 1 presents the third/fourth-grade students’ pretest and posttest re-
sponses to this question. As the table indicates, third/fourth-graders improved on
the posttest both in their written explanations (62.96% appealed to a density ex-
planation vs. 3.70% on the pretest) and their models (96.30% included a model
on the posttest with 30.77% of those models being a dots and boxes type com-
pared to 59.25% offering models on the pretest with 0% being of the dots and
boxes variety).

Table 2 presents the pretest and posttest responses for the fifth-grade class. The
patterns here are the same as the third/fourth-grade class. Students demonstrated
improvement in both their written explanations and their models. Posttest explana-

TABLE 1
Third/Fourth-Grade Split-Leve! Gifted Class
Pretest Posttest
Explanation appeals 3.70% used a density explanation 62.96% used a density
to density explanation

Model 59.25% included a model 96.30% included a model
Type of model 0% of models were “dots and 30.77% of models were “dots

boxes” types and boxes” types

Note. There were no missing pretest or posttest data in the third/fourth-grade class.
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TABLE 2
Fifth-Grade Class

Pretest Posttest
Explanation appeals 0% used a density explanation 47.83 % used a density explanation
to density
Model 4.16% included a model 91.30% used a model
Type of model 0% of models were “dots and boxes”  52.38% of models were “dots and
types boxes” types

Note. There was one missing posttest in the fifth-grade class.

tions involved density 47.83% of the time, whereas it was not used at all on the pre-
test. Models were provided on the posttest 91.30% of the time with 52.38% of the
models being dots and boxes types. Only 4.16% of the students offered a model on
the pretest with none of the models being of the dots and boxes variety.

These findings from both classes indicate that the students progressed as a
group in their conceptual understanding of sinking and floating.

Students’ Understanding and Use of Scientific Thinking
Strategies

Students’ understanding and use of scientific thinking strategies was assessed by
asking them several questions, including,

What is a prediction?

What is a theory?

What does it mean to solve a problem in a scientific way?
How do people decide which are the best scientific ideas?

The first question about predictions was coded by noting those definitions that
were at least at the level of guess or educated guess. It could also include those re-
sponses that explicitly defined predictions as theory-driven. Either response was
taken as evidence that the concept of predicting was understood at an elementary
level. The second question about theory was coded by noting those definitions that
discussed why or how something happens. Such responses were taken as evidence
that students had an elementary understanding of theories as conceptual objects.
The question about solving problems in scientific ways was examined to deter-
mine if it included a reference to using scientific tools or strategies such as using
predictions, theories, or results, making models, or some general reference to us-
ing evidence to support ideas. General references to experimenting, using your
mind, or being skeptical were not coded as meeting this criteria. Finally, the ques-
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tion about how people decide which are the best scientific ideas was coded to de-
termine if there was some reference to the importance of having evidence to justify
claims. Generic references to discussing and deciding, voting, what works best,
and so forth were not accepted as meeting these criteria.

Table 3 presents the third/fourth-grade students’ pretest and posttest responses
to these questions. The evidence presented demonstrates that students improved
on all questions. Students defined prediction at least at the level of guess 92.59% at
the time of the posttest whereas 88.89% did so at the time of the pretest. The stu-
dents defined theory at the level of answering why or how 77.78% on the posttest,
whereas none of the students defined theory at that level on the pretest. The stu-
dents said that solving problems scientifically involves a set of tools or strategies
44.44% on the posttest, whereas none of the students responded this way on the
pretest. Finally, on the posttest, 22.22% of the students discussed the importance
of evaluating scientific ideas by examining if evidence is used to justify claims, but
none of the students offered such a response on the pretest.

Table 4 presents the pretest and posttest responses for the fifth-grade class. The
patterns here are the same as the third/fourth-grade class. Students demonstrated
improvement in their responses to every question. The students defined prediction
at least at the level of a guess 77.24% on the posttest, whereas only 58.33% defined
it this way on the pretest. The students defined theory as addressing the questions
why or how 50% on the posttest, whereas only 4.35% defined it in this manner on
the pretest. Furthermore, 60.87% of the students explicitly wrote that they did not
know what theory meant on the pretest, whereas only 4.55% responded in that way
on the posttest. The students reported that solving problems scientifically involves
a set of tools and strategies 50% of the time on the posttest, whereas only 12.5% re-
sponded this way on the pretest. Finally, 50% of the students on the posttest sug-

TABLE 3
Third/Fourth-Grade Split-Level Gifted Program

Pretest Posttest

Defines prediction at least at
the level of “a guess”
Defines theory at least at the
level of “why or how

something happens”
Solving problems
scientifically involves
using a set of tools
Choosing the best scientific
ideas

88.89% define prediction as a
guess

0% define theory at level of
“why or how”

11.11% state “I don’t know”

0% discuss scientific problem
solving as involving a set
of tools

0% discuss the importance of
ideas relating to the
evidence

92.59% define prediction as a
guess

77.78% define theory at level
of “why or how”

0% state “I don’t know”

44.44% discuss scientific
problem solving as
involving a set of tools

22.22% discuss the
importance of ideas
relating to the evidence

Note. There were no missing data in the third/fourth-grade class.
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TABLE 4
Fifth-Grade Class
Pretest Posttest

Defines prediction at least at 58.33% define prediction as a 77.24% define prediction as a

the level of “a guess” guess guess
Defines theory at least at the 4.35% define theory at level 50.00% define theory at level

level of “why or how of “why or how” of “why or how”

something happens” 60.87% state “I don’t know” 4.55% state “I don’t know”
Solving problems 12.50% discuss scientific 50.00% discuss scientific

scientifically involves problem solving as problem solving as

using a set of tools involving a set of tools involving a set of tools
Choosing the best scientific 4.17% discuss the importance 50.00% discuss the

ideas of ideas relating to the importance of ideas

evidence relating to the evidence

Note. There were two missing posttests in the fifth-grade class.

gested that scientific ideas can be evaluated by determining if evidence is offered
to justify claims, but only 4.17% of the students responded in this manner on the
pretest.

Pretest and Posttest Coding and Reliability

Coding schemes were developed with respect to each question as described previ-
ously. After the coding schemes had been used to code the pretest and posttest mea-
sures, an assessment of reliability was conducted. A second rater used the schemes
to code 30% of the pretests and 30% of the posttests from each class. These tests
were chosen randomly. Intercoder agreements of 91% to 100% were achieved for
each question.

EXPLORING CLASSROOM DISCUSSIONS
Similarities Across Classrooms

Before examining the specific nature of how the notion of theory evolved in each
classroom, a general description of the similarities across the classes is warranted.
Four major issues emerged during the early weeks of the unit when the students in
both classes were working hard to define and appropriate theory as a tool. The or-
dering of the items reflects the order in which they were addressed in the classes.
However, negotiation of one issue was not necessarily completely resolved before
another one surfaced. Many of these issues were being addressed in an overlapping
and recursive manner:
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1. A theory tells why. This distinguishes it from a prediction, which relates
what you think will happen.

2. Theories are provisional. Theories can be changed.

Theories need to have an evidence base.

4. Theories are used to make predictions. Therefore, new theories are formu-
lated to account for results that do not support predictions. Theories are
testable.

[9S]

Some of these components were of greater concern to one class than they were
to the other. Also, all issues did not surface in the context of the same conversa-
tions in each class. There were some basic differences between the classes that are
important to acknowledge before exploring how these issues were treated in each
context. First, the teachers did not consider themselves equally familiar and com-
fortable with the notion of theory. The third/fourth-grade teacher felt that she was
not as clear about how she might help the students understand and employ the no-
tion of theory, whereas the fifth-grade teacher felt very comfortable with this ap-
proach. Second, each teacher conducted the first lessons with a different
orientation toward the students and their participation in establishing definitions of
key intellectual tools such as theory. The third/fourth-grade teacher engaged the
students as partners in establishing these definitions, whereas the fifth-grade
teacher offered definitions to her students. Third, each class ended the unit at a dif-
ferent point. The third/fourth-graders stopped as they were beginning to under-
stand the importance of evidence in confirming or disconfirming predictions that
in turn provided information about the feasibility of theories. The fifth-graders
also arrived at this point and extended beyond it as they began to talk explicitly
about the role of arguing in science.

Giving Meaning to “Theory”: Perspectives From the
Third/Fourth-Grade Class

We begin to examine how the third/fourth-grade class gave meaning to theory by
noting how predicting and theorizing were introduced by the teacher. The teacher
did not define the terms for the students but rather asked them to offer their own per-
spectives. In examining the responses, it is evident that these students drew heavily
on their notions of predicting within the context of their language arts classes.
Terms like “educated guess” and “foretelling” exemplify this early conversation.

Teacher: So what does it mean when you are predicting and theo-
rizing? That’s the first step but what does it mean? What
does it mean when you are predicting and theorizing?
What does that mean, Christina?
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Christina: Well, you’re guessing, not exactly guessing, it’s an educa-
tional guess kind of.
Teacher: Good, ok, it’s an educated guess, educational guess.

[writes] All right, what else does predicting and theoriz-
ing mean? Akira.

Akira: Foretelling what will happen next.

Teacher: [writes] Good, foretelling. Terrific.

From this first discussion, the students are engaged in mobilizing knowledge
about predictions from their language arts context in an attempt to apply this idea
to science. What is clearly missing, however, is a discussion of theory. In these
early conversations, the teacher did not ask the students to explicitly differentiate
predictions and theories, in part because of her lack of comfort in making these dis-
tinctions herself. Therefore, when the student perspectives were exhausted, the
teacher and the students moved on to define the two other steps. After they com-
pleted these definitions, the teacher asked if anyone has questions or comments.
The researcher raised her hand and, with the teacher’s permission, offered a com-
ment followed by a question.

Researcher: I have a comment. I think that maybe in step number one,
there might be something missing. Do any of the children
think that there’s something missing?

The teacher takes this question and turns to the students and asks them what they
think. The following conversation ensues.

Teacher: Hmm. Katie, what do you think might be missing?

Katie: What kind of theory and what you think will happen, you
know, it will do it every time or just once or twice?

Teacher: And how is that different [interrupts herself], what do you

think? You were saying something, right before you said
that you said, I think this goes with

Katie: Theorizing

Teacher: [Researcher mouths “why” to the teacher] I think what
Leslie was getting at was the why. Was the why. What’s
going to happen but what you think, what you think will
happen every time and why. I’m not sure, should I write
that down? [question directed toward researcher as
teacher begins to write] And why you think that. So that
gets at something we’ve talked about before, to give your
reasons. This is what you think will happen but then why?
Why do you think that? What have you seen, what have
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you observed, what are you thinking about that leads you
into this thoughi?

In this exchange giving meaning to theory involved negotiation between the
teacher, researcher, and students. As the teacher reflected on this segment of the
unit, she noted that at the beginning she felt less sure of her understanding of the-
ory and therefore was less confident in her ability to guide the students. She and the
researcher agreed that they would work together while “online” with the students.
However, the exchange between the researcher and teacher may have served to
confuse the students. The researcher attempted to provide a brief reminder of prior
planning discussions (i.e., theories explain and answer the question ‘why?’), but
this is not something that worked seamlessly to convey meaning to the teacher.
The teacher’s last line, “What have you seen, what have you observed, what are
you thinking about that leads you into this thought?” is meant to help define the
kinds of things that might address the “why.” This is not the scientific understand-
ing of “why” that the teacher and researcher originally intended to help the stu-
dents develop. As we will see later, the students begin using past observations to
account for why an object sinks or floats. Although this is not what the teacher and
researcher planned in advance, working through the debates that occur around
whether past experience counts as a reason why were some of the most exciting
conversations that took place within the classroom. Just as the teacher struggled to
understand the difference between a scientific and everyday notion of “why,” so
did the students. So the teacher started at a point that was intuitive to the students.
These conversations did not arise immediately. They only took place once students
began taking on the intellectual audience roles. There were two days that came be-
fore this time that gave the researcher and teacher a false sense that everyone was
beginning to share the same definition of prediction and theory.

The following transcript excerpt, which took place on the next day, Day 4, ex-
emplifies the kind of discussion that took place during reporting on this day. The
audience roles had not been introduced yet, so the teacher was still taking on a
good bit of the responsibility for questioning the reporters. In the following exam-
ple, she asked the students to provide theories before moving on to their results.
These students responded like many groups did on this day. First they claimed that
the teacher had not warned them in advance that they would have to do this. Then
with a reminder that they could consult their lab notebooks, they were able to tell
her their group’s theory.

Teacher: Before you go on, are those your results?

Chris: Yeah, these are the results.

Teacher: Share some of your theories about what you thought, why
you thought what you thought.

Chris: We didn’t have enough time to make up a theory.
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Isaac: Yeah, she [meaning the teacher] didn’t even warn any of
these other groups, did she?

Teacher: 1 didn’t? That wasn’t part of one of the steps?

Isaac: No.

Teacher: It was, why you thought [interrupts herself] Sure, he knew

about it in advance, go ahead. Tell me if you had any
ideas about why you got what you did. Did you write

them down?
Chris: Our notebooks are over there, Isaac.
Teacher: Okay, go ahead.
Isaac: We thought the aluminum cubes would sink, because it is

heavy, and it’s not like they’re just aluminum, they’re
fairly light, it’s all compact, there’s a lot of metal put to-
gether.

Other reports proceeded in a similar fashion on this day. In all but one case,
the students did not mention theories spontaneously. When the teacher asked
them to elaborate, many claimed that they were unprepared to do so. Upon con-
sulting their lab notebooks, they discovered that they had come up with a theory
during their small-group time. Only one group was unable to provide a theory
even after consuiting the reporters’ lab notebooks. In every report except one,
the theories offered addressed a scientific notion of “why” without appealing to
previous experience or observation. This led the teacher and researcher to be-
lieve that, although the students had not spontaneously incorporated discussion
of theories into their reports, they were indeed talking about them and recording
them (as had been observed) during their small-group work time. As the stu-
dents became more comfortable and familiar with the terms, it was expected that
they would include these ideas without prompting from the teacher. On the next
day, however, when students were asked to develop questions for the questions
chart, it became apparent that they were still struggling to focus on the notion of
theory as a conceptual tool.

As the students were developing questions for each of the three audience roles,
it was obvious once again that the notion of theory was something that was not
well understood. Students offered many questions that addressed predictions (e.g.,
What were some of your predictions? What did your group think was going to hap-
pen?); however, they needed significant prompting from the teacher to focus on
theories. One such example follows.

Teacher: Leo.

Leo: Like say something like, I don’t know, like something out
of this world and then you say what do you mean by
whatever that the person said.
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Teacher: If they say something, give me an example of what they
might have said.

Leo: Uh [pause]

Teacher: Remember, your job specifically is to get them to say

their predictions and theories. How are you going to draw
that out of them with your question?

Leo: Well, if they say like a really weird prediction

Teacher: But isn’t that okay?

Leo: Well, if you don’t know what it is.

Teacher: OK. If someone gives an odd prediction, you want them
to back it up with what?

Leo: With,

Teacher: You can’t just predict anything. I’m asking you to give
predictions that have what to back them up?

Leo: That have the answer? I don’t know.

Teacher: Okay, Molly.

Molly: That explains.

Teacher: Yeah. Or what, what’s the other word for that? That
you’ve been using, I want your prediction to have a

Leo: Theory.

Teacher: So if they give a strange prediction you might ask, to give
me your what, to back it up.

Leo: Give me your theory.

Teacher: Yeah.

So, with significant guidance from the teacher, the students added a question to
the chart that asked them to support their prediction with a theory. Another exam-
ple of a question addressing theory came a bit later, after several more prediction
questions were suggested. The teacher again tried to focus the students on the fact
that they have provided many questions that address predictions but not many that
ask about theories.

Teacher: Again, most of these get at predictions but theory has a re-
ally different feel to it. {[questions two boys about sitting
appropriately] Okay, Laurel.

Laurel: Why do you think that?

Teacher: And let’s fill it out a little bit. Why do you think what?
Why do you think what, Laurel?

Laurel: Why do you think that would happen?

Teacher: Okay. [writes] That would happen. [Again talks with two

boys about how they are sitting] Why do you think that
would happen, but again I’m standing here now and I
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thought it before, so you might want to think about it, An-
thony, as in why did you think, why did you think that
would happen?

These were the two principle questions that appeared on the questions chart that
supported students to ask about theories without asking simply for more or different
theories that were not discussed during small-group work time. It was not until the
students began employing the questions in their roles as audience members on Day 6
that there was evidence of a deeper understanding of theory as a conceptual tool. It
was when students actually attempted to use the idea of theory to question others that
they began to establish individual understanding and shared meaning. This change
in perspective on the part of the students seems crucial to the learning process.

On Day 6, after the first set of reporters (Katie and Shawn) finished giving their
report, the teacher opened the floor for questions from students who had the audi-
ence role of checking predictions and theories. Because this was the first time the
students were adopting the roles, the teacher supported those students who at-
tempted to ask questions of the reporters. The “theory” that Katie and Shawn pre-
sented during their report was that they knew some things would float because they
had seen them float before. Alan was in the role of checking predictions and theo-
ries and noticed that what Katie offered as a prediction and a theory did not satisfy
his understanding of these conceptual tools. He pursued a line of questioning about
“why” objects sink or float, which put Katie on the defensive. This was something
that happened during the early stages of audience role-taking within this class-
room. These students did not have as much difficulty questioning others as they
had coping with being questioned themselves.3

Teacher: Your role is to check predictions and theories, if you have
heard the predictions and theories or if you have a ques-
tion for the reporters? Alan B.

Alan: They really didn’t explain why they [teacher inter-
rupts—Alan is looking at her]

Teacher: No, ask them.

Alan: You really didn’t explain why you thought the aluminum
cube would sink. Or like the plastic cube.

Katie: Well, it’s not our fault. We weren’t the people that wrote

it [scribes prepare the reporting materials with the report-
ers] They [the scribes] told us to say it.

Teacher: Okay, but Katie, you are reporting for your group. And
one of the things that I sent you back with was to make

3See Herrenkohl (1998) for further discussion of the conflict that came up in this classroom as a result
of taking on audience roles.
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Alan:
Teacher:

Alan:
Katie:

Alan:

Katie:

Alan:
Katie:
Alan:

Katie:
Alan:
Katie:
Shawn:
Katie:

Alan:
Katie:

sure that you discuss all the theories that were in your
group. Alan, they may not have a theory for that, right?
So is there a way you can ask that question?

Maybe next time you could include some.

Well is there any way you can ask that question to find
out if they do?

Do you have any reasons why the clear cube floated?
Well [long pause—turns to her partner] Shawn. What was
the question?

The aluminum which you know would sink. Do you have
any theories on why stuff floated? That you know the
wood you know would sink, but that you know would
float?

I don’t understand your question. Why do we think [Alan
interrupts]

No, why did you think [Katie interrupts]

The wood would float?

No, why do you think the clear cube floated, or why do
you think the weird thing [Katie interrupts]

Because it was the second experiment, that’s why.

Yeah, but why do you think that happened?

Well, I

Cuz plastic floats.

Well, if I knew what it was I could answer that question,
but I don’t. It was just a lucky educated guess.

Now do you have the theories why?

No!

Katie and Shawn address Alan’s question by stating that they do not know why
things sink and float and if they knew why they could answer the question. They
restate that what they have offered is a “lucky educated guess” based on the fact
that they know plastic floats. Katie implies that part of the reason they know that
plastic floats is that they had seen it before saying, “it was the second experiment.”
Alan, still not satisfied, probes further, asking, “Now do you have the theories
why?” To this Katie responds with an exasperated “No!” The teacher allowed Liz
to pursue a similar line of questioning until it was apparent that the students were
not making any real progress.

Liz:

Children:
Teacher:

Do you have a theory that you didn’t get to write down?
Do you have a theory for the experiment?

You may have to think of a way to rephrase the question.
I think she’s heard the question.
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I heard the question plenty of times, I know what she’s
been saying, but I don’t get it. It’s like do you have a the-
ory why you did the experiment or something?

You let Liz, Isaac, your chance will come up later [Isaac
is assigned a different role]. Liz, can you think of a way to
phrase the question? [pause] A theory about what? What
specifically are you getting at? [pause]

Um [long pause]

Is there someone else whose job it was to check predic-
tions and theories, could help Liz out? Want to give it a
try now?

Do you have any [interrupts himself] why do you think
that some stuff floated and some stuff sunk, because their
volume was greater, because it was heavier, because it
had air in them, were lighter than water?

I don’t know that, because I don’t have five lines and ev-
erybody in my group, [ don’t have a line of people, lines
of people in our group. Not everybody wrote their own
theory, so it’s not my problem.

Well, what about Shawn?

I’m going to move us to summarizing results.

In this exchange, the students are not making any progress in understanding
theory. Katie continues to be defensive and suggests that it is not her fault that the
scribes did not write down a theory from every person in her group. Alan offers
even more support this time than before, giving Katie examples of theories that
might have been discussed in her group. Even this prompt does not seem to help
Katie focus on theory-building in the immediate reporting environment; she is
more concerned with providing reasons why her group did not record their theories
on their poster. The teacher senses this stall and moves the conversation on to
checking summaries of results. The students do confront theories again, however,
as they begin to tackle the third and most difficult aspect of role-taking, checking
the relation between predictions, theories, and results.

Teacher:

Katie:
Teacher:

What about your theories? All right, ’'m jumping in be-
cause-—what about your theories, how did your theories
relate to what happened, the theories that are there or the
theories that you have?

I don’t understand that.

Well, the reasons why things happen, how did that relate
to what actually happened? So for example, give me
somebody’s theory up there.
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Katie: I ' knew it would float because I've seen sticks float in the
water.

Teacher: Is that your theory?

Katie: Is that like a theory?

Teacher: When you’re giving experience [turns to researcher] Can

you do it? Go ahead.

At this point it is evident that the early confusion between scientific and ev-
eryday notions of theory are working at odds again. The teacher’s statement,
“What have you seen, what have you observed, what are you thinking about
that leads you into this thought?” could have influenced the students to believe
that previous observations were a sufficient basis for a scientific theory. When
students introduced past experience in reporting sessions prior to this day, they
were unchallenged by the teacher and other students. This did not happen of-
ten, however; with all of the other things that were being addressed, no one
ever followed up on it when it was mentioned. So, this is the first day that the
issue of previous experience as a “theory” was confronted directly. The teacher
looks to the researcher for support at this point and asks her to try and talk the
students through this sticking point. In the excerpt that follows, the researcher
focuses the students on why something sinks or floats and whether past obser-
vations provide an answer to this “why” question. In this excerpt, multiple at-
tempts are made to help students disentangle the scientific and everyday
notions of the “reason why.” The researcher asks the student to differentiate
what prompts them to think something might sink or float from an attempt to
explain the basis for the observed phenomenon. From students’ perspectives it
is perfectly legitimate to offer past experience as a “reason why” they think
something will sink or float, but it fails to meet the criteria of an explanation in
a scientific sense. The researcher is trying to help them come to see this impor-
tant distinction.

Researcher: Could I have everybody’s attention for a second? Zeke,
could you look at me? I’'m curious about whether or not
you guys think that experience counts as a theory? Just
seeing something before, is that a reason why something
would sink or float? Paul.

Paul: I think it is.

Researcher: You think it is?

Paul: Because if you’ve seen it before, then it’s a theory.
Researcher: Okay, so you’ve had experience with it and that’s one

way of predicting whether or not something’s [interrupts
herself] but I think I heard Alan saying something before
where he was trying to get at reasons why, and is just
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knowing that it happened before, does that give you any
idea of what reasons there could be for why something
would sink or float, just because you’ve seen it before?
Does that give you any reasons why?

No.

No, it just tells you that it does sink or float.

Yeah.

Christina, do you have something to say?

Well, a theory’s kind of different from a prediction be-
cause a theory is, you know why it happened, you’re not
guessing.

Okay, talk a little bit more about that. What do you mean
by the difference between guessing and knowing why
something happened?

Well

Can you give us an example, maybe?

Like we had to guess what made Mickey go up and down
when you turn it on? But most people didn’t have a theory
of why.

Okay. So there’s something different about just guessing
whether something goes up or down versus knowing why.
Alan, did you have your hand up before? Did you want to
say something about this? Okay.

I know what a theory is. You predict that a [toy] subma-
rine goes up and down before air comes into it and the air
escapes, but the theory why is that, the theory that every-
thing has to be that way. A theory that all wood floats,
that means all wood has to float in your theory, otherwise
your theory’s wrong.

Okay, but you’re saying all wood floats is [Alan inter-
rupts]

That’s a theory.

That’s a theory?

That has been proven right.

Does that tell me why wood floats though?

Uh, no.

Okay, so can you give me an example—Ilet’s take wood.
From our experience some of us know that wood floats.
So why? Why does wood float? Can you give us a the-
ory?

My theory is that you can trap air underneath and that’s
my theory.

Copyright ©2000. All Rights Reserved.



474  HERRENKOHL, PALINCSAR, DEWATER, KAWASAKI

Researcher: Okay, so that is a reason why. Does everybody under-
stand that? Are people clear on the difference between a
prediction and a theory now?

Children: Yeah.

At the end of this excerpt, Alan suggests something that could qualify as a sci-
entific explanation. It is fascinating that both Christina and Alan discuss another
dimension of theory that is salient to them, namely “knowing why with certainty.”
These comments clarify why a more scientific notion of theory may be challenging
for them to understand and employ. The students do not know why something
sinks or floats with the level of certainty that they think is required. This is clearly
what Katie had been arguing earlier as well. She said if she knew why she could
answer the question, but she does not know why things sink or float. So, although
she understands the question, she cannot answer with certainty, so it is not possible
for her to respond at all. She would be guessing and that does not seem to fit her
definition of theory. It is quite interesting that the students did not think of theories
as changeable entities at this point, they were more equated with the “right an-
swers” expected within the context of schooling. This posed a challenge for the
teacher and researcher, who could understand what was happening but needed the
right moment to try and begin to introduce the idea that theories can be changed.
This happens in the next segment, which followed right after the children claimed
that they now knew the difference between prediction and theory. Katie offers
(again) past observations as a theory when the teacher and researcher try to help
her compare her predictions, theories, and results.

Teacher: How did your theories compare to what actually hap-
pened. So how did your reasons why compare to what ac-
tually happened? And then I think we got off, well then
we realized that maybe some of the theories that were cre-
ated were actually predictions. And not theories. So do
you think you have a theory up there, a reason why some-
thing might happen from your group?

Katie: No, because we didn’t have time, some people just didn’t
do it, cuz they forgot.
Researcher: So Katie, when you say you didn’t have enough time,

does that mean when you’re doing the activity you didn’t
have enough time?

Katie: No, when we were making this [the poster].

Researcher: Okay, so even if it’s not up there, let’s not pay attention to
that right now. Does anybody have a theory about, say,
the wood, why does wood float? Why did you predict that
wood would float?
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Katie: Because [’ve seen it float.

Researcher: Okay, but I think we just talked about and decided that
our experience is a good way of helping us make predic-
tions, but doesn’t explain to us why, why something hap-
pens. I think this stuff is hard but maybe it’s something
that we need to keep [working on] because it’s hard to do
what you’re saying, Ms. Kawasaki, if we don’t have a
theory we can’t talk about how it relates to anything.

Teacher: That’s right.

Researcher: So maybe it’s just something we all need to remember
and work on, because it seems to me that not all of us are
clear about what a theory is.

Teacher: So if you don’t have a theory, you can’t relate it to your
results, can you. No, but you do have a reason why you
think something will happen, you can compare it to your
results and what actually happened.

Researcher: Because sometimes if you make a mistake, if you predict
something and something that you didn’t expect to hap-
pen actually happens, you may have to change your the-
ory. That’s what it’s supposed to help you do.

Teacher: Let’s give the Blue Noodlers reporters a big round of ap-
plause for being good sports. [student applause] That was
very hard, I know, because you’re really in the hot spot.
We’re getting used to this whole procedure and we had to
experiment on you. Thank you very much, Katie and
Shawn.

The report ends here with the teacher and researcher working together to try and
introduce the idea that theories can be changed. This idea is still something that
many if not most of the students are not grasping. Answering “why?” does not re-
quire a definitive, certain answer but a tentative one that can be changed based on
the evidence that can be gathered from investigations. This process of revising the-
ories was extremely difficult for the students to understand. However, as they con-
tinued to adopt the intellectual audience roles, the conversation continued and the
need for certainty diminished.

In the next excerpt, which takes place on the next day, Day 7, there was still
much discussion about how sure one must be in constructing a theory. Lisa opened
this discussion with a statement expressing the immutability of theory.

Lisa: Well, a theory really isn’t what you thought, it’s what

kind of happened and what always happens. And why.
(p.5)
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Lisa is taking the position that theories are things that always happen, that
one must know “for sure” and not just “think” about. In responding to this,
Isaac and Ernie suggested that what Lisa has described is what they consider
to be “results.” The conversation continued as Sarah struggled to voice her
perspective.

Sarah ... Because a theory is like, a theory is [sigh] what you
know happens, what you think happens. I mean, it is what
you think happens, but, you know what I mean?

Isaac: What would obviously happen, like obvious ...

Sheila: Well, I think a theory is more like why it happened, not
what you think, because what you think is more like a
prediction. Like I think there’s air bubbles in the milky
white cube

Sarah: Yeah, that’s like your prediction. You’re taking your pre-
dictions as theories. Because you said that the milky white
one would float, but you never said why, why does it
float? You said why you think it floats, but not why it
floats. (p. 6)

Sarah and Sheila again argue for a level of certainty when articulating a theory.
When Sarah said “You’re taking your predictions as theories,” she was expressing
her concern about presuming to know why something happened. She was taking
issue with people saying that they know why and suggesting that everything that a
person does not know for sure needs to be called a prediction. Both girls are sug-
gesting that we classify predictions as things that we Think, and theories as things
that we Know, or Are Known. This is similar to Lisa’s perspective in that they all
seem to hold Theory as somehow irrefutable.

Zeke takes issue with the definition of theory that is being offered by the girls.
He succinctly states his objection in the following excerpt.

Teacher: Say it, Zeke.

Zeke: That’s a theory, theories aren’t always right.

Sarah: Right, but [Zeke interrupts]}

Zeke: Like people had theories that ... there were little green

men on Mars. But were they right? (p. 6)

This pronouncement encouraged further discussion by the class because Zeke
suggested an alternative that had not been advocated by anyone else. Several stu-
dents noted that what Zeke said was actually a prediction in their minds and not a
theory; however, he did challenge other students to think about whether theories
had to be right or certain. As other students took speaking turns, they also intro-
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duced examples from outside of sinking and floating to try to give examples that
would help define the notion of theory for their class.

Isaac:

Sheila:
Zeke:

Okay, this is like a theory. I think Ernie will buy another
pair of those shoes.

That’s a prediction.

You could say that I think that Ernie will buy new shoes
because his old ones are worn out, and that would be a

theory. (p. 7)

As the students continued to struggle with these ideas, there was a shift in the
class definition of theory. Theories became things that were not absolute and cer-
tain but tentative and changeable. Furthermore, as the students began working
with this new definition, they began to explore the idea that evidence from investi-
gations could be used to confirm or disconfirm a given theory. In the next excerpt,
Molly picks up on this idea in trying to clarify what she thinks Laurel was suggest-
ing to one of the groups. She uses an example from a report where a group pre-
dicted that a clear plastic cube would float because it had air bubbles in it. The
results were that the cube sank. Molly argues that it is important for this group to
go back and change their theory to accommodate their results.

Molly:

Laurel:
Teacher:

Laurel:

Molly:

This might not be what she’s trying to say, but this is
what I think she’s trying to say. Like even though it might
not be a theory, [ don’t what to start another thing [debate
over theory-ness], but I mean if that “clear plastic” there
was a theory and let’s say that you thought it would float
because there were air bubbles in it, in your prediction,
and then it sunk, then you could say, but well, “I think I
was wrong because | don’t really think air bubbles were
in it actually, I think probably this [a new theory] was
why it sank.” You didn’t really compare it like

Yeah, you didn’t.

Laurel, go ahead and say what you said a minute ago
when Molly was talking.

You didn’t change it. I mean if one of the ones you said
would float, it had sunk, you changed your [Molly inter-
rupts]

You're supposed to take your theory and say like if you’re
wrong. (p. 11)

This is the first evidence of the students understanding and advocating for the
relation between predictions, theories, and evidence. It is also the first clear ar-
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ticulation of how the dynamic nature of theories could be applied to the sinking
and floating investigations that they were completing. In the days that followed
this one, the students continued to build on this budding knowledge and apply
theory in a much more flexible manner, changing their theories and talking
openly about how they use evidence from their experiments to help them evalu-
ate their perspectives.

Giving Meaning to “Theory”: Perspectives From the
Fifth-Grade Class

We will begin our discussion, as we did in the third/fourth-grade class, by examin-
ing the teacher’s introduction of the term theory. She introduces it by telling the stu-
dents the meaning of the words theory and theorizing.

Teacher: When we ask you to explain to us why, perhaps, you think
the object will sink or float ... that’s theorizing.

The teacher also noted that the science investigations that would ensue would
incorporate theories as an integral part and that the students would always need to
include a why for their predictions. This served as a preliminary introduction to the
students. However, it would take many more conversations for them to develop a
workable understanding of theory. At first the students grappled with the differ-
ence between what and why. What follows outlines how they coped with this as-
pect of defining theory and differentiating it from prediction.

After introducing what she thought was a straightforward definition of predic-
tion and theory, the teacher assumed that the students would be ready to employ
these conceptual tools in the context of their investigations. As a matter of habit,
the teacher would check back with the students occasionally to make sure they un-
derstood the meanings of prediction and theory. Such was the case on the third day
of the project after the teacher reviewed the intellectual tools associated with sci-
ence (predicting and theorizing, summarizing results, and relating predictions and
theories to results), which were intended to guide the students’ thinking through-
out the activity and reporting sessions.

Teacher: Who can help me decide what we’re going to mean by
predicting and theorizing?

Sung: Guessing if it will sink or float, and then telling why you
think that.

Because Sung’s response was unchallenged, and most students did not appear
to have difficulty distinguishing prediction from theory in the early reporting ses-
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sions, the teacher assumed that the students held a common conceptual under-
standing of these terms. The fact that, a few minutes after this, a student who had
missed a session offered the group’s theory when asked for their predictions, did
not alert the teacher to any problems the students might be having understanding
and using these terms. After all, the student had missed a session and with guid-
ance was able to recognize her statement as the theory. She was also able to move
quickly to reporting the predictions and results for her group, labeling them appro-
priately.

Five days into the unit, however, it became apparent that it was not just one stu-
dent, but several students who could not clearly articulate a distinction between
prediction and theory. As the teacher attempted to have students note a connection
between prediction and theory, she quickly discovered that they needed more time
to think about and employ the terms individually.

Teacher: What are we looking for in a theory anyway?

Karyn: It’s like part of a prediction. It’s what you think is going
to happen.

Teacher: Is it just what you think is going to happen?

Jean Paul: It is more like a guess.

Teacher: The theory part is more like a guess?

Jean Paul: The prediction.

Teacher: The prediction part is more like a guess. What’s the the-
ory part of it?

Jean Paul: What happened, I guess.

Teacher: So a theory is like the result?

Jean Paul: Uh, no. What you think is going to happen.

Teacher: Well, you just told me that’s what the prediction is, what

you think is going to happen. So we need to clarify this a
little bit more.

Curt: Well, a theory is, um, say an object floats, I mean sinks,
something like that, what was your theory and why do
you think it does that.

Sung: What I was going to say is like theorizing is like backing

up why you think that’s going to happen.

The simple act of repeating or paraphrasing what the teacher said earlier obvi-
ously does not constitute a deep understanding of prediction and theory. As the
students began to try and use these conceptual tools to guide their thinking in small
groups and reporting time, it became a real dilemma for them. To share important
aspects of their investigations and ask questions of one another, they had to agree
on what they meant when they used terms such as theory. It was in this context that
they began to collectively define the conceptual tools that would guide their subse-
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quent discussions. A crucial aspect of this defining process came as the students
adopted audience roles. It was the active use of these intellectual tools to ask ques-
tions of others that ultimately allowed students to negotiate a shared meaning of
theory.

Atthe beginning of this process of adopting audience roles, students were asked
to generate questions to compose the questions chart. This chart helped the stu-
dents think about questions they could ask others in each of the three audience
roles (checking predictions and theories, checking summaries of results, and
checking the relation between predictions, theories, and results). In this example,
Veena offered a question to address the role of checking predictions and theories.
Her question was the first to focus on the “why.” All the questions suggested prior
to this point related to predictions.

Veena: Why do you think it will sink or float?
Dennis: That’s a theory.

Dennis immediately recognized that the “why” indicated that Veena was asking a
question about theory. He was anxious to share his recognition out loud and reaf-
firm for himself and his classmates that this was, in fact, what Veena was address-
ing. It is opportunities such as these to actively create questions and use them as in-
tellectual tools that began this process of recognition and negotiation.

As these questions were taken into the classroom and used during the course of
reporting, students began to spontaneously note when there was a discrepancy be-
tween the definitions agreed upon by the class and the use of the terms by a particu-
lar group. In this example, which occurred on Day 6, Curt promptly remarked that
what had been offered as a theory was actually a prediction.

Karyn: Larisha’s theory was I think that some will float and some
will sink.
Curt: Your theory that some will float and some will sink, that’s

not really a theory, it’s more like a prediction.

From this point on, the reporting sessions indicated very little confusion with
the use of prediction and theory. And on Day 9, right before the theory chart review
(the session devoted to evaluating the viability of all theories that had been pro-
posed thus far), Sung included the word explanation to further characterize theory.
With this reference, students were introduced to another dimension of the illusive
“why.” The theory explains the behavior. At this point, theory was no longer a
teacher-defined concept; ownership had shifted to the students.

Sung: ... a theory is like—I have an explanation of why this
does this or does that. That’s what a theory is to me.
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On that same day, as the students were determining the fate of each “theory”
listed on the theory chart, the “why” became a useful tool in this determination.
The theory up for review was “All wood floats, sinking and floating depends on
material.”

Teacher: Does this explain why things sink or why things float?
Curt: No.

Teacher: Why not?

Curt: It just says wood floats, it didn’t say why.

With these preliminary definitions of prediction and theory in place, the stu-
dents were ready to tackle a more difficult dilemma, the why for the “why.”

On one of the first days of the project, Sung had disclosed a wariness about the
idea that theories address “why” something happens. It was the first intimation that
the students would not be comfortable with just a why.

Sung: Well, how do you know, um, well, um, an object sinks,
how do you know a reason for that?

This idea of how you come to an idea for a theory was brought to the forefront
again on Day 5 when Kathy made a suggestion for the questions chart on predic-
tions and theories.

Kathy: What cause does your theory have?

Teacher: What cause? Could you explain that? I am not sure I
know what you mean by that.

Kathy: Well, it is kinda hard to explain.

Teacher: Could you say in another way what you mean?

Kathy: Why did you think that?

When the teacher asked in summary if what Kathy had intended with her
first question with the use of the word cause was “what caused you to think
that,” Kathy responded in the affirmative. It appeared that from the begin-
ning, this group of children intuitively knew that there had to be more sub-
stance to a theory than simply producing one from thin air. Something had to
make you think that. Just what that something was would not become appar-
ent for several sessions. Students were still adjusting to their new way of do-
ing science. There were too many things to attend to, too many things to
consider. And so when they first began to question each other about the ori-
gins of their theories, they simply read the questions off the questions chart
without carefully considering the reporters” responses and following up with
more detailed probing.
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Leah: What did you base your theory on?

Sung: Now, that would be material, right? That we based it on
materials.

Karita: What caused you to think that? What caused you to think
that theory?

Sung: Well, because wood floats and metal doesn’t, because, I

don’t know, well, well, I don’t know.

Sung was uncomfortable with her response, but neither Leah nor Karita cared
to pursue it further. The students were still practicing their roles, trying them on
for size so to speak, so the content remained subordinate to the process at this
point. However, the tone of the reporting changed dramatically on the 8th day of
the project. The students were finally feeling comfortable enough with the idea
of theory that they began to move from depending on the listed questions on the
questions chart for a source of their queries to developing their own questions
related to theory. As the process settled into routine, more attention was being
paid to the content of both the questions and the answers. It was in this environ-
ment that Stuart emerged to champion the cause of the theory. After a group had
reported that their theory was based on “density that showed how packed it is in-
side the object, and the material,” Stuart began a relentless pursuit of the origin
of that theory.

Stuart: What do you mean by the density of the material? I mean
you said that was the answer, that’s what you based it on.
What do you mean by that?

Sung: How packed it is inside the material.

Stuart: How do you know how compact it is inside?

Sung: No, I mean [Stuart interrupts]

Stuart; Like, how can you tell ? You said your theory is based on
that. How can you tell?

Sung: Well, like the large aluminum cylinder? It’s metal, right?

Well, uh [pause]

It is as if Stuart was battling this in his own head, because when Sung failed to
give an adequate response he replies to his own question.

Stuart: So it’s basically an educated guess that metal is compact
inside, basically.

Sung: Yeah.

Stuart: And wood isn’t and then plastic isn’t. How do you know
that, though?

Sung: The way it [pause]

Copyright ©2000. All Rights Reserved.



Stuart:

SCIENTIFIC COMMUNITIES IN CLASSROOMS 483

When we were doing our test before, we found that some-
thing that floated was actually heavier than something that
sunk.

With this Sung turned to her reporting partner, Shamone, for some help.
Finding that no one could respond to his last statement, Stuart rephrased the
question once again. He had recognized that there was some significance to
the fact that a heavier object floated whereas the lighter object sank and
seemed to want to use this public forum to clarify and make sense of his own
mental struggle with a theory, so he was not yet willing to relinquish his

quest.
Stuart:
Sung:
Shamone:

Sung:
Shamone:

Stuart:

What do you mean by [interrupts himself] , not what do
you mean by density, like how did you base your theory
on how dense it was.

That’s a good question.

That’s a good question.

Actually, I don’t think I know.

We just went from smallest to biggest [meaning they or-
dered the objects in this way before completing the exper-
iment]

But that doesn’t answer my question.

This group finalized their report, admitting that they were more confused now
about their theory than they had been when they began their report. Stuart had not
given up, however, and began a similar line of questioning with the next group of
reporters who had stated that their theory was based on the weight for the size of

the object.

Stuart:
Dennis:
Stuart:

Dennis:
Stuart:

Dennis:

Stuart:
Dennis:

Stuart:

What do you mean by your theory?

What?

What do you think your theory means, I mean how did
you get it?

How did we get that theory?

The weight for the size of the object.

The weight, like the last group? Like if it’s well, well
[Stuart interrupts]

Do you mean it’s big for its weight?

And has, yeah. Or it can be small and heavy and still sink,
like that small thing?

Doesn’t really matter?
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Dennis: Nope, size doesn’t really matter. Because we had a small
clear cube that sank, and we thought that would float be-
cause it was so small, and the other one, I think it was a
cube I think, I really don’t know. And that one sank with
it, and I was wondering why, so size has nothing to do
with it.

Stuart did not continue. Dennis’s citing of the observations his group had made
during their activity, to rule out size alone as a factor in whether something sinks or
floats, had somehow appeased him. It was similar to what he had offered the first
group of reporters about his experience when the weight of the object did not seem
to matter. So reference had been made to evidence from an experiment that seemed
to suggest that weight alone did not matter, as well as evidence from another ex-
periment that suggested size alone did not matter. They had not managed to explic-
itly articulate the need for a clear link between evidence and theories yet, but Stuart
had managed to show that it might be important to consider outcomes of investiga-
tions when answering questions about theories.

The relevance of the observations made during activities to the evolution of
their theories frequently escaped the students during the first several days of the
science program. Stuart was the first to bring this to their attention, and his efforts
were not unnoticed by them. On the theory chart review day, evidence from the ac-
tivities was used to support the dismissal of certain theories from the chart. The di-
alogue that follows is typical of how the students utilized the results of the
activities to inform their decisions about theories.

Teacher: Let’s talk about the next one [she is referring to the next
theory on the chart]. If the object is heavy, it will sink; if
the object is light, it will float. What do we think about

that one?
Denita: Take it off.
Lynn: Well, you see, when we, our team weighed things, there

was an object that was heavy, made out of aluminum, that
was lighter than the object made out of plastic and the lit-
tle aluminum object sank, the plastic one floated. So that
doesn’t work.

Dennis: That doesn’t work. Now I don’t think that one works be-
cause for one thing you know the one that we just did?
The small one? The small plastic cube? It was so small
and it was so light, we thought it would float, but it sank.
So I don’t think if the object is heavy it will sink and if
the object is light it will float. So you can cross it out!
[motions broadly with arms]
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Similar arguments were used to reject theories that had implied that size or
shape had something to do with whether an object would sink or float. As men-
tioned previously regarding the theory chart review, the students had been able to
recognize if the theory included a why, and they had also been able to reference ev-
idence from experiments that ruled out particular variables, at least these variables
by themselves. These were powerful tools the students now had in their employ.
This became a turning point for the project. The empowered students could, and
did, take greater responsibility for the reporting discussions. They become more
critical of theories that were subsequently proposed. They questioned with the in-
tent of trying to understand novel and more abstract ideas. They wanted to know
why some things floated and others things sank, and they believed they were capa-
bie of figuring this out.

Just how far this inner-city class was able to advance was probably best dem-
onstrated on the final day of the unit as the last group came to the front to report.
The students tried to tie together all that had transpired from the pretest demon-
strations at the very beginning to the scientific modeling process that took place
near the end. They compared their theories and created hypothetical situations to
test them further. They debated the merits of several theories and found them-
selves embroiled in a heated argument. At this point their focus shifted from the
content of the arguments and proposed experiments to the merits of arguing in
science. Their discussion took on a distinctly philosophical and epistemological
tone.

Sung: I say that arguing is a part of science, kind of, [ know I'm
wrong, but I mean because if you don’t argue that, you
can’t find answers to stuff.

Students: [clapping]

Dennis: OK, OK, can I saying somethin’ Lynn? [Lynn is the re-
porter leading the discussion] Well, if you argue where
will it get you? You won’t get nowhere.

Sung: Okay, Dennis, your argument is where would we get?
We’d get to the truth.

Students: [shouting]

Karita: I agree.

Toneisha: Anyway, Sung, you say that the object is you [inaudible

word] by arguin’? You guys don’t have to be so loud. I'm
not saying that you guys can’t argue, I’'m just saying you
guys don’t have to be that loud.

Sung: What’s the point of arguing if you can’t scream and yell?
Karita: I know, thank you.

Dennis: I have something to say in response to that.

Karita: Yeah, [ agree.
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Dennis: All right, if you’re arguing, right? One person says some-
thing, you have another person say something, you have
another person say something, how can you get to the
truth when everybody’s saying something? You can’t
even hear yourself think.

These fifth-grade students ended their science unit by raising questions about
the merits of arguing for advancing scientific understanding. Clearly their defi-
nition of argument (i.e., disagreeing with yelling and screaming) significantly
differs from the one most scientists would espouse. However, Sung’s point
about the role of argument in finding what is truth is something that concerns
philosophers of science. Also, Dennis’s suggestion that it is hard to “get to the
truth” when everyone keeps saying something different is also quite profound. It
appears that these young students, by virtue of their own practices and discus-
sion, have come to a place where they are able to see both the value and chal-
lenge of the scientific enterprise.

It is unfortunate, in many ways, that we had to conclude at this point. There
were still so many questions unanswered, and so many experiments the students
wished to perform in an attempt to answer them. They developed a new way of
thinking about science and created a common set of tools with an accompanying
language to talk about their thinking. The students and the teacher had crafted a
lively intellectual community where real issues were debated and discussed and
tough questions were always on the table.

DISCUSSION

Consensus is emerging that essential to the enhancement of conceptual understand-
ing in science is the attainment of knowledge regarding the purposes, methods, and
values associated with scientific inquiry (Brewer & Samarapungavan, 1991;
Schauble & Glaser, 1991). These ideals are also advocated in the National Science
Education Standards (1996). The ability to engage in reflection on theory has been
identified as a cornerstone in the development of this syntactic knowledge. Spe-
cifically, it has been posited that students need to acquire an explicit understanding
of the relation between theory and evidence (Chinn & Brewer, 1993); an under-
standing of the need for consistency among theoretical ideas and between theoreti-
cal ideas and data (Reif & Larkin, 1991; Strike & Posner, 1985); an active
fair-mindedness in theory evaluation (Nickerson, 1991); and an understanding that
science is a continuing process of debate about evolving theories rather than a static
body of knowledge (Easley, 1990; Munby, 1982).

Chinn and Brewer (1993), among others, have argued that these
epistemological understandings are best learned in the context of evaluating evi-
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dence and theory, debating alternative theories, and discussing responses to anom-
alous data in a context in which students are apprenticed in the craft of scientific
reasoning. This is a tall order, especially when considering the complexities of
most classroom contexts in which students may well be experiencing these aspects
of the scientific enterprise for the first time.

In this research, we observed that third-, fourth-, and fifth-grade students
were able to achieve a number of these understandings in a context in which
they were supported by the use of intellectual tools and roles designed to explic-
itly focus their attention on the relation between evidence and theory. As the
transcripts reveal, this process was not linear; clarification and consistency oc-
curred through an iterative process in which students tried out a range of expla-
nations and negotiated the unique features of a theory (in contrast to a
prediction, description, or results).

Clearly, this form of instruction poses significant challenges to the teacher who
is identifying the threads in the classroom discussions, engaging the students in
evaluating their own and their peers’ thinking, mirroring the ideas that are in play,
and generally shaping the discourse. This role requires clarity on the teacher’s part
regarding the characteristics of a theory, the topic-specific features of a working
theory, and the role that social negotiation can play in advancing these understand-
ings. In these classrooms, the teachers consistently refrained from directing the
conversation and instead used the thinking strategies and theory chart to scaffold
the classroom discourse. However, they also assumed the critical role of sustaining
the groups’ work, monitoring for coherence and direction, and interceding when
the discussion faltered.

The tools, roles, and theory and questions charts that the teachers employed
were valuable but also had limitations. The tools of predicting and theorizing,
summarizing results, and relating predictions, theories, and results worked well for
the students in the section of the unit devoted to investigations focused on identify-
ing potential factors that affect sinking and floating. As the students moved on to
the idea of modeling and representing their theories, this set of heuristics was not
as useful. A new set of tools was needed for this part of the unit.

The roles also provided affordances and constraints. Early in the unit, as the stu-
dents were beginning to experiment with questioning others, the roles were crucial
in guiding them and helping them focus on one set of issues at a time. As the unit
progressed and the students became more proficient questioners, this assignment
of specific audience role responsibilities during reporting often limited the stu-
dents who could ask questions of reporters at any given time. Toward the middle
and end of the unit it was not uncommon to hear students preface a question by
saying, “this wasn’t my job but ...” Using these roles flexibly and allowing stu-
dents more freedom as the unit progressed was crucial, ensuring that important
questions were always able to surface. Shifting and changing these roles as model-
ing became the focus of the inquiry was also important.
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Finally, the questions and theory charts were helpful public documents that
were used throughout the unit as flexible “running records” of what was happening
in the classroom. The questions chart was a major source of support to students as
they began taking on their audience roles. This chart, which was constructed by the
entire class together, then served individual students as they assumed their audi-
ence roles. Early on in the unit, especially in the fifth-grade class, students relied
heavily on this chart, in some cases simply reading questions from the chart with-
out listening to the reporter’s response. However, this early practice shifted over
time as students became more comfortable with the nature of conversation during
reporting. Students even began critiquing what they had originally included on the
chart, remarking that certain questions “did not make any sense.” As a tool for sup-
porting students to take on a new set of roles within the classroom, this chart
seemed to work well.

The theory chart was also a useful way to document developing theories over
time. Students used this chart as a point of reference as they questioned reporters
about their theories. Thus the chart was not something that was augmented daily and
forgotten. Students actively sought to understand how theories presented on one day
connected with those offered on the next. The chart served this purpose until the day
when the theory chart review took place. This day was very powerful for students.
They were able to actively review the chart and make modifications to what they had
said and thought on earlier days. Revising the chart was a culminating activity that
allowed students to use theirnew knowledge to recreate adocument that would accu-
rately represent their thinking process as well as their final product.

This discussion would be incomplete without mention of the unique nature of the
collaboration between the researcher and teachers. How many elementary teachers
have an opportunity to plan extensive units together, have the luxury of another adult
inthe classroom, and have the resources to have hours and hours of classroom video-
tapes transcribed so that they can analyze them? The opportunity for extensive col-
laborative planning and decision making was unusual. Furthermore, the
involvement of another adult in the classroom monitoring the activity and reflecting
with the teacher was another special feature of this work. This is indeed a luxury, but
it is also befitting the complexity of the kind of teaching that was being enacted. By
no means are we suggesting this as the only model. Nor are we saying that it was
without inherent difficulties and problems (at times our active approach to working
together may have served to confuse the students in the third/fourth-grade class).
These factors are both limitations of the study as well as strengths.

CONCLUSION
In this article we presented findings from a project that was designed to engage

students in meaningful discussions about their ideas in science. Although the pur-
pose of this work is in some ways similar to other research in the area of elemen-
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tary science, it can be set apart based on the explicit focus that is placed on
discussion. To accomplish the goal of helping students engage in sophisticated
conversation, we harnessed research findings from both the cognitive and social
realms to establish intellectual strategies that are important within the discipline of
science. These strategies guide young novices and focus their attention on building
explanations in science rather than memorizing facts or simply experimenting
with interesting materials without knowing the significance of the experiments or
the outcomes. Second, these strategies are made to correspond with a set of social
roles that motivate collaboration and discussion of ideas, provide a level of ac-
countability among classroom members, and promote important dispositions to-
ward learning (Herrenkohl & Wertsch, 1999). Finally, public documentation of
progress through the unit (i.e., the theory chart) was used to focus the students on
the need to modify their thinking as they gathered more evidence.

The findings from our work suggest that this approach is a fruitful one. We pro-
vided evidence from pretests and posttests as well as classroom discussions that
took place throughout the first half of the intervention in both a third/fourth-grade
gifted class and a fifth-grade regular education class. Pretest and posttest data dem-
onstrated that students improved in their conceptual understanding as well as their
understanding of the use of scientific tools and thinking strategies. This finding
was then explored further through an analysis of the classroom discussions that
provided a foundation for learning and thinking. In both classes, as the strategies,
roles, and public documentation were introduced, discussion became more elabo-
rate and productive. The students in both classes struggled to collectively define
and employ the concept of theory within the context of their sinking and floating
investigations. However, each class achieved a much deeper level of understand-
ing through these conversations. The approach described in this article is not the
only or perhaps even the most efficient way to support student thinking in science.
However, it points to the need to make scientific thinking strategies and
sociocognitive roles explicit to students so that they can engage in significant cog-
nitive work together. Further research is needed to identify other avenues that can
be used to support the development of learning communities that emphasize the
role of discussion in science. Also, understanding the ways in which students be-
come thinkers and speakers in one domain will help us generate ideas about how to
accomplish this goal across the curriculum. Our hope is to continue to create ele-
mentary classroom environments that involve students in the exciting and com-
plex process of learning.
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APPENDIX A
Description of Participant Structures

1 Whole Class Time—teacher moderated

a Introductions to small group investigations—teachers introduced or reviewed the cognitive
tools, roles, and public documentation that the students were using, introduced the problems to
be completed, addressed general concerns or questions.

b Whole class discussion, reflection, and review—teachers and students took time to reflect on,
review, and revise what they had accomplished (for example, “theory chart review,” which took
place at the end of the first part of the unit.

¢ Benchmark lessons—teachers would introduce new ideas, materials, etc., and allow time for
whole class activities and discussions.

2 Whole Class Time—teacher and student moderated

a Reporting—student reporters share their group’s perspective while student audience members
take on roles to help reporters present and discuss their predictions, theories, findings, and the
relation among the three.

3 Small Group Investigation Time—students worked in small groups to investigate a specific
problem. Students adopted procedural and intellectual roles during this time.

4 Individual reflection and writing time—students were given time to reflect and write in their
laboratory notebooks.

Copyright ©2000. All Rights Reserved.



SCIENTIFIC COMMUNITIES IN CLASSROOMS 493

APPENDIX B

Student Roles—Small Group Procedural Roles

Reporter 1 Distribution of 1ab notebooks
Monitoring each member’s record of the experiment
Reporter 2 Distribution of “scribe materials”

Monitoring scribes’ work on presentation materials

Gather and bring supporting materials needed for reporting
Scribe 1 Get and maintain group materials

Monitor appropriate use of materials

Participate in designing and completing materials for reporters
to use during reporting time
Scribe 2 Reads problem card
Coordinates clean up
Participate in designing and completing materials for reporters
to use during reporting time
Scribe 3 Timekeeper and noise monitor* [Scribe 1]
Return materials* [Scribe 2]
Participate in designing and completing materials for reporters
to use during reporting time

Note. In cases where there are only four groups members, Scribes 1 and 2 share the jobs usually
assigned to Scribe 3.

Student Roles—Audience Roles

Predicting and Theorizing Checking group’s predictions and theories

Summarizing results Checking group’s summary of results

Relating predictions and theories Checking group’s discussion to results of the relationships
among predictions, theories, and results
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