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ABSTRACT

A WINDOW INTO THINKING: USING STUDENT WRITING TO UNDERSTAND
KNOWLEDGE RESTRUCTURING AND CONCEPTUAL CHANGE

By

Nancy Jane Fellows

Research shows that students have difficulty changing their conceptions
of science as a function of instruction. Given the difficulty of conceptual
change, it is important to understand the process of learning science concepts
by way of instruction.

First, the researcher investigated the usefulness of students’ writing to
show students’ understanding and changes of science concepts over the
course of a learning unit. Second, the researcher observed classroom events
that occurred in conjunction with students’ knowledge changes to discover
mechanisms that might have influenced students’ conceptual change.

The researcher collected students’ writings, conducted clinical

videotapes of classroom lessons and two targét small group interactions,
conducted teacher interviews, and studied text materials. The researcher
investigated the writing of twenty-seven students using semantic node-link
networks to trace students’ changes in schema during a twelve-week
instructional unit. Findings about students’ knowiedge restructuring, goal
conception attainment, and learning strategies were used to analyze two
lesson clusters for the mechanisms within classroom events that could be
associated with knowledge restructuring.
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Nancy Jane Fellows

Students’ writing served as a “window" for observing their thinking as
they learned. Ali students showed some form of knowledge restructuring.
Students who demonstrated weaker restructuring were more likely to have had
prior experience in the domain or have had difficulty learning the content.
Students who demonstrated radical restructuring had added concepts and
changed the organization of their schema, but they did not always attain all of
the scientific goal conceptions.

Instruction that provided concrete activities, writing tasks, and
opportunities for language interactions directly related to students’ initial
conceptions and the lesson goal conceptions seemed associated with
students’ more successful conceptual change.
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Chapter 1
INTRODUCTION

Over the last ten to fifteen years, science educators have observed the
learning their students accomplish, or do not accomplish, and concluded that
many science concepts require difficult thinking changes for students, and
even special instructional techniques to assist and guide students in their
learning (Anderson & Roth, 1988; Anderson & Smith, 1983; Carey, 1986;
Glaser, 1982; Posner, Strike, Hewson, & Gertzog, 1982). Indeed, the thinking
changes students need to accomplish in any subject of study may prove
difficult and time-consuming for new learners with little prior knowledge. The
subject of this study is those difficult knowledge changes that science students
must make to learn new science concepts. In this study, | attempted to find
out more about learners’ initial knowledge states when they encounter new
scientific information in the nature of matter and physical change. | attempted
to follow learners’ transition processes from beginner to more expert thinking
in this domain, shed more light on the difficult knowledge restructuring
changes students undergo, and identify the instructional techniques that seem
most helpful for supporting and guiding students in their learning. To assess
students’ thinking, the researcher collected students’ written work from their
lessons. More teachers in science are asking students to write to help
students clarify and think about their ideas. Teachers are then using students'’
writing as a means of understanding students’ thinking (Ammon & Ammon,
1987). In this study | observed the relationship between students’ writing and

1
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2
their thinking to better understand how students’ writing might help teachers

*see" students’ thinking, and how students’ writing might contribute to their
knowledge restructuring.

Much of learning is either the incorporation of new knowledge within
prior knowledge, or the modification of prior knowledge to fit with new
information (Bransford, 1979; Rumelhart & Norman, 1981). Knowledge is often
seen as a structure or schema that individuals build and rebuild, a metaphor
for understanding cognitive processes. As individuals learn, they may need to
change their existing schema to reinterpret their prior knowiedge and account
for new information. Carey (1985a), Glaser (1984), and Vosniadou and Brewer
(1987) conceptualized domain-specific restructuring as the developmental
changes that occur in knowledge structure when individuals learn new
concepts in a subject area. Within a domain, novices and experts differ in their
basic knowledge structures and logical thinking. Experts possess a broad
repertoire of strategies and schema for recognizing patterns in the domain as a
result of their rich background experience with problems (Chi, Glaser, and
Rees, 1982; Clement, 1983; Larkin, McDermott, Simon, & Simon, 1981). As
individuals shift from novice to expert in some domains, they may need to
change their theories, just as changes have been observed in the history of
science theories (Kuhn, 1870).

Understanding should be at the core of the science curriculum (Carey,
1985a; Novak, 1981; Posner, et al., 1982; Roth, 1985), and the focus of our
research needs to be placed on understanding and assisting students to make
the changes to more expert thinking (Glaser, 1982). Learning science requires
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3

students to read texts, listen to their teachers, perform experiments, and gain
understanding by relating this information to what they already know about
science. Chi, Glaser and Rees (1982) described the novice to expert shift in
science like this: Novices often have alternative conceptions about the
elements of the domain, and different organization and relationships between
the concepts than do experts. Students in science courses also possess
similar alternative conceptions, based on their real-worild knowiedge, and
inadequate strategies for making sense of new science concepts. Much of the
literature on the novice-expert shift in science learning documents the difficulty
of imparting the understanding necessary for expert-like thinking to students in
science (Carey, 1986; Driver & Easley, 1978; Roth, 1989; Smith & Lott, 1983).
Recent work observing the novice-expert shift in physics suggested that a
process known as knowledge restructuring occurs as individuals learn a new
science domain (Larkin, 1983). If science students are novices to the extent
that they possess different conceptual frameworks than what is being taught,
and lack a consistent conceptual system for understanding the intricate
relationships among science concepts, then students must undergo some
changes in their knowledge. Thinking and learning in science deserves a
closer look to insure that the necessary cognitive changes occur as students
attempt to learn.

As learners restructure their knowiedge in a domain, they may need to
change and add to their conceptual structures because of their insufficient
knowiedge base or inexperience in the domain. Educators find that some of
the restructuring that learners must do is difficult, and that learners often do
not make the restructuring changes necessary to learn the concepts they are
taught, especially in science (Carey, 1986; Driver & Easley, 1978; Roth, Smith,
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& Anderson, 1983; Smith & Lott, 1983). Novice learners come to science with
alternative schema for understanding science, and they resist the difficult
knowledge restructuring changes required to learn and understand new
information. Sixth grade students in science provide a good example of this
phenomenon: When learning about the nature of matter and physical change,
sixth grade students show common real-world or alternative conceptions in
understanding both at the macroscopic and at the microscopic level (Lee,
Eichinger, Anderson, Berkheimer and Blakeslee, 1990). For instance, before
learning about the nature of matter and physical change, when students were
asked to explain what happens to the air inside a cool bottie when the bottle is
heated with warm hands, they said that the “hot air rises" or that the air when
warmed moves to the top or the bottom of the bottle. When asked about the
molecules in this instance, they will attribute the properties of the air substance
to the molecules, such as "molecules expand®, or the “molecules get hot and
rise to the top".

Even when instruction takes students’ alternative schema into account,
and improves methods to help students confront their real-world or alternative
conceptions and restructure their knowledge, students often retain many
original alternative conceptions. Lee, Eichinger, Anderson, Berkheimer and
Blakeslee (1990) revised their unit on Matter and Molecules based on students’
beginning alternative conceptions to make instruction speak more to students’
real-world ideas, and help students revise and use their knowledge to
accommodate new more scientific ideas. Students were provided with
instruction, experiments, and discussion that helped them explain and discuss
that air expands evenly in all directions, and that molecules, when heated,
move faster and spread farther apart in all directions, but the molecules
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themselves do not get hot or cold, only their behavior changes. When later
students were asked to explain why a balloon placed on a cold bottle inflates
when the bottle is warmed, many used some of the new conceptions about “air
expanded®, or “molecules moved farther apart®, but retained their real-world or
alternative notions that the “molecules expanded®, and “moved to the top" as a
result of heating the bottle. Lee and her colleagues were able to improve
students’ ability to use molecular language in their explanations, but students
still seemed to retain about half of their original naive or aiterative conceptions
about the nature of matter and physical change.

The difficulty with studying knowledge restructuring is our inability to
view and describe learners’ thinking processes directly. Researchers have
attempted to infer descriptions of knowledge structures in science by
documenting students’ misconceptions (McDermott, 1984; Viennot, 1979),
analyzing student’'s perceived similarities among elements (Chi, Glaser, &
Rees, 1982), analyzing students’ problem-solving processing (Larkin,
McDermott, Simon & Simon, 1880), and analyzing students knowledge using
‘concept mapping®, representing student concepts in graphic form (Carey,
1986; Chi, Glaser, & Rees, 1982). These studies carefully described
knowledge restructuring, but they did not illuminate the possible mechanisms
by which the restructuring occurs.

Aithough many researchers described knowledge restructuring
changes, few attempted to characterize the processes in detail, and explain the
mechanisms that are associated with the changes as knowiedge develops.
The mechanisms for knowledge restructuring are the events individuals
experience that catalyze or mediate their attempts to understand new
information. In other words, for the purposes of this study, mechanisms that
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affect students’ knowledge restructuring likely occur as a result of some
experience that the individual has with the environment that in turn triggers
individual thinking change or rearrangement of knowledge structures and ways
of thinking about a phenomenon. One example of an experience that could
trigger changes in knowledge structure is argument about a concept that
demonstrates a new way of looking at a phenomenon, and causes the
individual to add this new insight to her understanding. Vosniadou and Brewer
(1987), in their review of the recent research on knowiedge restructuring,
suggested that researchers need more accounts and descriptions of
knowledge acquisition processes in a number of specific domains, so teachers
and researchers can more fully understand the changes that occur as
knowiedge develops, and the mechanisms that are associated with those
changes. Once teachers and researchers are aware of the possible
mechanisms that influence knowledge restructuring changes, they can begin
building restructuring opportunities into their lessons, and tes;ing the
relationship of these events to student learning in more systematic ways.

Given that students have difficulty restructuring their knowiedge in some
domains, some teachers have their students put their thoughts into writing
when they are attempting to learn new subject matter (Lee, Eichinger,
Anderson, Berkheimer, and Blakeslee, 1989; Staton, 1982; Staton and Kreeft,
1888). As students write about their science thinking, they record their ideas
about new concepts. After recording, students can reflect and explore how the
concepts fit with their real-world understandings.  Teachers often have
students write answers to questions in an attempt to explain science
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7
phenomena. Students often write whatever comes to mind to answer the
questions in an expressive form of writing. Expressive writing differs from the
writing done most often in science classrooms. Expressive writing is writing
for one’s self or for a limited audience for the purpose of exploring ideas
(Britton, Burgess, Martin, Mcleod, and Rosen, 1975). In typical science
classrooms, the writing students do is often in the form of formal essays about
their hypotheses, observations, experiments and outcomes (Langer &
Applebee, 1987). %xg_és_gi_g ‘writing is more. personal.and. informal than the

oo e o

knowledge-telling writing of essays (Barnes, Britton, & Rosen, 1969). Britton
(1970) proposed that when students write expressively as they think, they may

Wkind of activity that encourages exploration and discovery.
Several researchers have reported that writing about thinking improves_

learning as measured by achievement levels (Ammon & Ammon, 1987; Barnes

— e ———

et al., 1969; Emig, 1977; Langer & Applebee, 1987; Rosaen, 1987).
Asking students to w/rit_e about and explain their ideas might help

— ~———

teachers “see” students’ thinking, and establish whether students are making

the conceptual changes we hope they will make as a result of instruction.
Staton, Shuy, Kreeft and Reed (1988) showed that student writing provided a
vehicle for teachers to follow students’ changes in thinking as they moved from
topic to topic, and expressed their understanding of concepts. Through their
writings about their reasonings, students provided teachers with a window into
their thinking processes. One of the purposes of this study was to observe
students’ writing as they wrote about and explained their new ideas about the
science content to see if this kind of writing can provide a window into
students’ thinking, and show how student writing might help teachers get in
touch with how students are making sense of the instruction. Another purpose
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of the study was to understand how students might use wrmng and instruction _

to restrugiure their knowiedge.

—_—

Learners apparently restructure their knowiedge when learning new
concepts in a domain. These changes can take the form of weak or radical
restructuring, depending on the differences between the learner’s schema and
theories about the domain, and how different they are from the new
information they will learn. Few studies of knowledge restructuring have done
more than describe changes in thinking. Though my study also attempted to
describe such changes, another purpose was to identify possible mechanisms
that might be associated with knowledge structure changes, and that might be
visible to teachers and researchers under the constraint of classroom
curriculum and activities. On the basis of the above propositions, | undertook
this study to investigate the thinking that students exhibit when they write
about their science understandings in response to instructional activities. |
attempted to answer the following questions:

(a) Do students show in their writing that they are restructuring their
science knowledge, and how much restructuring seems to occur
for students during a typical lesson unit?

(b) What mechanisms from classroom events seem to be associated
with such science knowledge restructuring, and what seems to
make the difference for students who restructure their science
knowiedge, and those students who have difficulty?

In this study the researcher observed sixth grade children’s writing to

make inferences about their knowledge structures and related changes over a
learning unit on the nature of matter and physical change. This study informs
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teachers and researchers about the possible thinking processes students
experience as they restructure their thinking and knowledge develops, and
provides clues as to the possible mechanisms associated with knowledge
restructuring changes that occur within the constraints of classroom
curriculum and discourse.

Assumptions. The most critical assumption the researcher made in
undertaking this study was that all students in classrooms such as the one
observed would be able to learn new concepts. | assumed that the students
would participate in the lesson and attempt to learn the best they were able at
the time. The students and the teacher were serious about the subject matter,
and put their labors into accomplishing the learning that needed to be
accomplished. Another assumption was that these sixth grade students would
be forthright and honest as they could be when informing me about their ideas
of content and their ideas about writing.

Another assumption is that learning is an active process, and that
learners actively construct new knowledge from their prior knowledge. Thus,
prior knowledge structures are always the basis for the construction of new
knowiedge structures. Knowledge is organized, and Iearnérs may differ in the
ways in which their knowledge is organized.. Knowledge structuring is a
recursive process, non-linear, progressing forward sometimes, and regressing
at others. The knowledge structure of individuals will influence their
perceptions, understandings and how they remember informafion. Learners
regulate their cognitive processes as they reconstruct new knowiedge during
learning and problem solving, and those who are able to call on metacognitive
knowledge and experiences tend to be more successful with school learning.
Learners will perform differently on different tasks depending on their personal
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needs and the demands of the situation; their different goals will also
influence their choice of metacognitive strategies used during learning.
Understanding what students are thinking as they actively construct new ideas
during instruction might provide insights for teachers about how they can
improve classroom instruction.

Another assumption by the researcher is that it is important that
students in science learn to understand new concepts to the extent that the
concepts become a meaningful and useful part of students’ conceptual
systems, and not just a list of memorized facts separate from their useful
knowledge about science. And one way to accomplish meaningful learning is
to teach students about what scientists believe, and how to use those ideas to
make meaningful predictions and explanations about real-world events.

A last assumption was that conceptual change learning takes a long
time (Nussbaum & Novick, 1982). As Nussbaum and Novick suggested, major
conceptual changes occur over a long evolutionary process, with experience
over time, even under conditions of good instruction.

Rationale for the study. For this study the researcher observed a middie
school science classroom, where students wrote about their understanding of
new information, and where the usual constraints encountered in educational
settings were operating. Students wrote their ideas about new concepts in an
activity book that combined textual information with study questions, and
questions about plans and explanations for events. Students aiso freewrote
about their ideas at several points during the lessons. All writing completed by
students was collected. The writing ideas were analyzed by constructing
semantic node-link networks of students’ written statements. The node-link
networks showed possible changes in students’ thinking and demonstrated
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what kinds of changes students might have made in their conceptions about
the subject matter. The topics that students identified were charted to observe
conceptual structure changes over time. The instructional events, teacher’s
talk, and students’ interactions within their discussion groups and all teacher
written feedback in activity books and on quizzes were analyzed for evidence
of the relationship of any of these events to students’ knowledge restructuring.
Students’ knowledge restructuring changes observed in their writing was
compared to classroom events by charting the restructuring occurrences with
classroom events, such as teacher use of metaphor and analogies, or
questioning. With this data, | attempted to make grounded inferences about
the following occurrences: Given the constraints of a typical classroom, can
student writing inform teachers about how much students are thinking and
restructuring their knowledge? And, given that thinking changes can be
identified in student writing, what classroom events seem to encourage
students to change their thinking, and what seems to make the difference for
students who have trouble restructuring their knowledge?

Glaser (1982) identified four principles that should frame our research
and development of teaching science for understanding. More emphasis
needs to be placed on:

(1) Defining the instructional goals and student understandings that
reflect the nature of competent performance, i.e. the background
knowledge and strategies used by experts in the domain.

(2) Identifying the initial state of learners, and the prior knowledge
that might facilitate or interfere with their learning. What do
learners need to know about how to learn in the domain?
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(3) Identifying the learning transition processes students pass
through on their way to competent performance, and the
instruction that facilitates this learning.

(4) Devising diagnostic measures that help us assess students’
understandings and identify the structures and strategies that
lead to incorrect performance.

This study was designed to explore ways of identifying the processes
learners pass through when learning about Matter and Molecules—their initial
state, influence of prior knowiedge, and learning transition processes that
students pass through as they go from novice to more scientific thinking. The
analyses in this study provide more information about the kinds of measures
that teachers and researchers can use to assess students’ understandings,
and the structures and strategies that unsuccessful students demonstrate.
The student writing analyzed in this study provides further evidence about how
classroom writing might serve as a mechanism for students’ changes in
thinking, as well. As a result of knowing more about students’ learning
transition processes, their understandings, and the strategies students use to
learn about matter and molecules, | expected to find some of the mechanisms
or external experiences within this classroom that might have influenced
students’ knowledge restructuring, changes in their ways of connecting
information and explaining real-world events.

In the following chapters | present a review of the literature relevant to
this research project, discuss how | carried out the study, and present the
results. In the first part of Chapter 2, | review the literature that helped answer
my first question about whether students’ writing shows evidence of
knowiedge restructuring, and to what extent their restructuring occurs. |
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address research that illuminates the kinds of knowledge changes for which |
might be looking, and outline what we know about how student writing
displays knowledge. | review what has been done with writing to show
knowledge changes, and what knowledge changes | expect to find when
students study the nature of matter and physical change.

In the second part of Chapter 2, | review the research that shows what
mechanisms might be operating in classrooms to influence conceptual change,
how to identify the meéhanisms within the classroom context, and how to
cross-reference such information with students’ knowledge restructuring
evidence to help me answer the last question about the possible mechanisms
that might be associated with knowledge restructuring.

in Chapter 3, | present the methods used to select the subjects, subject
matter, and the design of the study. The procedures for data collection are
outlined, along with the kinds of data observed, and reliability and validity
issues stemming from the methods of analysis. Chapter 4 presents the
findings, and in Chapter 5, | discuss the results and interpretations of the
answers to the research questions. In Chapter 5, | also discuss qualifications
of the results, limitations of the study, and tie the results to further research
and practical implications.
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Chapter 2
LITERATURE REVIEW

in the previous chapter, | introduced the concept of knowledge
restructuring, and pointed out that many researchers have described
knowledge restructuring changes, but few have attempted to explain the
mechanisms associated with such changes. Much of the knowledge
restructuring that students must do to learn science concepts is difficult, and
may not occur at all. Students have difficulty changing their ideas often due to
the difficulty of conceptual change learning, and the persistence of their
alternative conceptions about how the world works that students possess and
that make sense to them. If teachers are to help students make these difficult
conceptual changes, they need to understand how to get in touch with
students’ alternative conceptions. Teachers need information about how to
make instruction effective for influencing students to give up their real-worid
notions about phenomena and begin to take a more scientific view of
explaining the world. With more information about how students think about
matter and molecules, and what parts of instruction are more difficuit, or more
effective, teachers can improve their success with students’ conceptual
change learning. In this study, | plan to use students’ writing to better
understand learning in matter and molecules, and provide teachers with more
information about how they might improve students’ success.

In Chapter 1 | proposed that observing student writing about new
concepts might inform teachers and researchers about the knowiedge
restructuring that students are accomplishing, and help us understand the

14
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possible mechanisms within the instructional events that can be associated
with students’ conceptual change. In this chapter, | examine the literature
about knowledge restructuring and using writing to observe how thinking
develops. | review literature that suggested influences of classroom events on
knowledge restructuring. This review provided a guide for my observations as
| attempted to answer the first research question about whether students’
writing shows their science knowledge restructuring, and to what extent this
restructuring occurs.

Research on Knowledge Restructuring

What is Knowledae Restructuring?

Knowledge restructuring is a useful metaphor for understanding human
beings’ ability to accumulate new knowledge. The following section defines
knowledge restructuring according to current thinking in the field of cognitive
psychology and provides a framework for understanding how knowledge might
be organized. The review will provide an outline for understanding the nature
of knowledge restructuring, how it likely occurs, and the usefulness of
observing writing for evidence of when and how knowledge restructuring
occurs. This research review provides a framework for my understanding of
knowledge restructuring, and a guide for my observation of the knowiedge
changes that might be evident in student writing. It helps frame my thinking
about what students’ writing shows about their knowledge and what other
researchers have done to show knowledge changes through writing and verbal
expressions. The review shows the knowledge changes | might expect to find
as students learn about the nature of physical change.
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. tion. tuni (] led tructuri

Prior knowledge is important for learning to take place (Bransford,
1979). Thinking of knowledge in the form of schema or structures is a useful
metaphor for understanding how individuals acquire new knowledge. When
we think of knowledge in the form of schemata or structures, learners likely
incorporate prior knowledge structures into new knowledge structures in one
of three ways (Rumelhart & Norman, 19881): accretion, tuning, and
restructuring. Accretion occurs when learners fit new information into
existing schema. Tuning involves evolutionary changes in thinking over time
to continually interpret, generalize, and improve the accuracy of schema fit to
externally perceived data. Both accretion and tuning are similar to Piaget’s
(1950) assimilation, where new knowledge seems to “fit" with existing
knowledge structures and becomes added to existing structures. Tuning
involves refining and defining existing structures for more efficient use.
Knowledge restructuring, similar to Piaget’s accommodation, involves
changes the individuals must make in their existing schema to reinterpret prior
knowiedge information or account for new information that does not seem to
*fit" with existing knowledge structures.

C inciol | theori

Restructuring of knowledge, concept changes, principles and strategies,
schema or schemata, conceptual systems, and theories are terms | use
throughout this report. In the following section, | define concepts, principles,
and theories as | intend their meanings for this study.

Concepts and principles. A learner responds to information by either
putting that information into a class and responding to any instance of the
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class as a member of that class, or by distinguishing that the information is not
part of that class, but part of another. This thinking and responding to things
or events as part of a class is known as concept learning (Gagne, 1985). For
instance, learning the concept “house” entails that a learner understand that a
member of the class “house” is an instance when the information fits not any
particular instance of house alone, but refers to a category in which all houses
fit. For this study, one concept the students will be learning is the idea of
matter, and they will be attempting to discern all instances of new information
that fit into the category "matter”.

Students’ concepts are those categories into which they place all
instances that fit criteria of the category, but students’ conceptions are a
different way of describing their thinking. Students’ conceptions and
conceptual systems are the ways they link various concepts together. | make
this distinction between students’ concepts, and their conceptions or
principles, to which | refer when discussing students’ conceptual
understandings. Conceptions and principles are relationships that learners’
understand between concepts. These principles might relate to how the
learner sees two concepts influence one ancther, or how one might cause the
other, and whether one concept always has a causal effect or sometimes has
a causal effect. Learners’ conceptions and principles can be purely conjecture,
or they may have evidence for truthfulness (Reigeluth, 1983). Concepts relate
to principles in the following way: Learners’ concepts are their categories of
phenomena, whereas their conceptions and principles are the relationships
they understand between two or more concepts, usually showing how one
effects the other.
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Conceptual systems and changes. When learners’ classes of
information and their classification criteria change, they have made concept
changes. Concept changes can entail numbers of ideas involved in the
concept, as well as the core ideas that support the concept. Problem solving
strategies are ways that learners act upon their concepts, and know how to
do something. Such strategies are also known as procedural knowledge
(Gagne), as opposed to the verbal or declarative knowledge of their
conceptual systems. Declarative knowledge, or knowing what, makes up the
object structures of a conception, whereas procedural knowledge, knowing
how, activates structures that produce action and conditions of applicability
(Rumelhart, 1981). Schema (plural of schemata) are knowledge structures
made up of one to many concepts, or classifications of facts, events, and
ideas. | will use knowledge structure and schemata interchangeably
throughout this work. It is the learners’ schema about their science
conceptions that | will attempt to observe through their writing. Conceptual
systems are similar to schema systems. They are learners’ systems of classes
into which they have put their knowledge of facts and procedures—-the
concepts, linked by meaningful networks. An individual’s theories are the core
ideas by which they explain phenomena in their understanding of class and
relationship-—-their way of accounting for their classifications, explaining events
and underlying principles for relating their concepts. When | describe a
students’ semantic node-link network core concepts, | refer to the individual's
core ideas within their schema system. | identify these core concepts or core
ideas by the number of links that connect the concepts to other concepts in
the network, how central the concepts are to the network, and whether the
concepts make up the theories or principles by which the individual attaches
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other concepts to the structure. | explain core concepts further when |
explain semantic node-link network construction in Chapter 3.

Global and domai fi tructuring.

Restructuring has been conceptualized in two categories, either global
or domain-specific restructuring (Vosniadou and Brewer, 1987). Giobal
restructuring is a new way of thinking about the world, as children do when
they begin to think differently during the characteristic developmental changes
during stage attainment, as described by Piaget. When a child is able to
decenter and consider more than one salient aspect of a problem, she has
attained a more concrete operational stage. Such developmental change is a
more global restructuring change and may involve thinking in many domains.
Carey (1985a) described domain-specific restructuring as increasing
knowledge of a domain that causes children to restructure their real-world or
alternative concepts into new theories, and develop more sophisticated logical
capabilities within the domain. The important aspect of domain-specific
restructuring is its occurrence as a result of students’ experiences and
instruction, rather than as a result of biological maturation. Researchers in
science education support the idea of a domain-specific approach to
understanding how children develop from concrete to more logical thinking, as
well (Driver and Easley, 1978; Novak, 1977; and Posner, Strike, Hewson, &
Gertzog, 1982). The research on differences in novice and expert thinking in a
domain also supports domain-specific restructuring development. For
example, the work done in physics by Chi, Glaser, and Rees (1982), Clement
(1983), and Larkin, McDermott, Simon, and Simon (1981) showed that novices
and experts differ in their basic knowiedge structures in the domain of physics.
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The logical thinking of experts within the domain seemed to arise from their
rich background in encountering problems in the domain, their acquisition of a
broad repertoire of strategies and schema for recognizing patterns in

problems, and their possession of more explicit procedural knowledge.

Weak and Radical R turi

There have been two forms of knowledge restructuring described in the
literature, weak restructuring and radical restructuring (Vosniadou and
Brewer, 1987). Weak restructuring involves restructuring fewer numbers of
more closely related concepts, than the extreme difference of concepts and
numbers of concepts involved in cases of more radical restructuring. Weak
restructuring occurs when the student learns a smaller amount of knowiedge,
and usually when the individual possesses more experience in the domain.
Weak restructuring has been described by Chi, Feltovich, and Glaser (1981),
Chi and others (1982), and Larkin (1979, 1981) in novice/expert shifts, and by
Voss (1983) in the changes involved in developing expertise in social sciences.
Chi, Glaser, & Rees (1982) described weaker types of restructuring in their
study that showed as students learned new problem solving strategies, they
demonstrated new relations among their concepts. They were able to show
that new schemata arose for students as they learned solutions to new
problems and changed solutions to old problems. The core concepts that
students used to solve the problems, however, remained similar, thus
describing a weak form of restructuring similar to what Rumelhart and Norman
would call accretion and tuning (1981). In Figure 2.1 | have organized the
concepts of weak and radical restructuring, and the kinds of thinking that
seem related to both. Weak and radical restructuring are at opposite ends of a
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continuum of the amount of change in schema that learners must do to
accumulate new understanding. | categorized the descriptions into two
discrete categories to aid the reader’s understanding of the differences
between the two types of restructuring described in the literature, even though

restructuring changes may occur anywhere along a continuum from mere

Accretion, Tuning ' o
Elaboration Conceptual change
Concepts closely related Conceptual system contains greater
and may be inaccurate numbers of concepts
Addition of new strategies Different relations among concepts-
and new relations accounts for new domains
Addition of more procedural knowledge Knowiedge is related to principles and
procedures
Reorganization of domain knowledge May involve new theories
Core concepts are the same Changes to core concepts, different and

more yaried

Learner may possess more experience May be more difficult to accomplish

in the domain

Figure 2.1 Differences between Weak and Radical Restructuring.

accretion of new knowledge to total restructuring in accordance with new
theories.

Radical restructuring in a domain takes place for novices who lack
sufficient knowledge base and procedural skill, compared to experts. Radical
restructuring is similar to weaker restructuring as described above in Figure
2.1, but changes are added to the individual’'s core concepts requiring a
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structurally different conceptual system with different and varied core
concepts, and the presence of conceptual change. Conceptual change is a
restructuring of knowledge that represents different relations among concepts,
and different patterns, new relations among schemata (Carey, 1985b). In the
sense that both radical restructuring and conceptual change are defined as
change in an individual’s core concepts and conceptual structure, for the
purposes of this study, | consider radical restructuring to be synonymous with
conceptual change, and interchangeable with it. Radical restructuring shifts in
an extreme manner, much like the revolutionary paradigm shifts described by
Kuhn (1970). Novice thinking, as opposed to expert thinking, involves different
and deficient concepts, and deficient or inaccurate schema for understanding
and explaining the domain. The novice to expert shift in some domains may
require individuals to change their theories (radical restructuring and
conceptual change), just as changes have been observed in the history of
science theories (Kuhn), or the shift may merely entail merely the addition of
more procedural knowledge and reorganization of the domain knowledge
(weak restructuring). The distinction between weak and radical forms of
restructuring is a useful and important because it helps us understand the
difficulty of conceptual change learning. .For conceptual change to occur,
students often must radically restructure their knowledge, adding new core
concepts, and new domains within the structure. They must often find new
principles or theories by which to explain phenomena, and reorganize their
conceptual systems to account for all of the new concepts they add. All of this
adding and reorganizing must be more difficult than just adding new
information to an already existing structure. For instance, if an individual
remodeled his house to add new cupboards and closets within the existing



structure Of |
room organi
contents aft
remodeled h
and several t
the new stru
o accomplis
the future t¢
smilar to kny
Who are atte
thange may
‘making sen;
and use.




23
structure of the house, he would need to do some juggling of contents, but the
room organization would stay the same, and direct where he put the new
contents after the remodeling was finished. If, however, the individual
remodeled his house and added a second fioor, new rooms, another kitchen,
and several bathrooms, the task of reorganizing the contents of the house with
the new structures would be much more demanding, difficult, and take longer
to accomplish, especially if the individual intended to retrieve his belongings in
the future to use them efficiently. These reorganization demands may be
similar to knowledge restructuring demands. And if that is the case, students
who are attempting radical restructuring of their knowledge and conceptual
change may need more assistance accomplishing the organization and
*making sense” of putting things in their proper places for meaningful retrieval

and use.

Summary
Researchers have described two general types of knowiedge

restructuring in the literature, global and domain-specific. Global restructuring
occurs in more than one domain and may result from maturation and general
experience, whereas domain-specific restructuring occurs in a single subject
domain and results from individuals’ experiences and instruction within the
domain. Researchers have described both weak and radical forms of
restructuring, based on the numbers of concepts, degree of organization, and
relationships within the structure. Radical changes in core concepts, theories
and principles that drive the organization of the structure are evidence of a
radical form of restructuring, which is also known as conceptual change.
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Why is C tual Ct \ ina Sa Difficult?

Educators have found that students do not learn the concepts that they
are taught in science (Carey, 1986; Driver & Easley, 1978; Roth, Smith, &
Anderson, 1983; Smith & Lott, 1983). Driver and Easley (1978) found that
children come into science classrooms with aiternative cognitive frameworks
that have been built from their experiences in the real worid, and their
imaginative attempts to understand events. These alternative frameworks are
not the same as the confused connections that students make during learning
a new concept, but exist prior to students’ encounters with new information.
Gunstone, Champagne, and Kiopfer (1981) found that even following
prediction-observation-explanation tasks with experiments and group
discussions, students continued to retain alternative frameworks and real-
world or alternative notions along with their new concepts. Only twenty per
cent of the students in five different fifth-grade classrooms understood the key
concepts about photosynthesis following a five-week instruction period
(Anderson & Smith, 1983). Roth, Anderson, and Smith (1986) found similar
results in nine other fifth-grade classrooms where students were studying
about light and seeing. These researchers found that humans seem to have a
strong capacity for storing conflicting ideas about phenomena. The learning
that these science students needed to accomplish may have been much like
the individual who radically remodeled his house. Students may have had to
change their core concepts, add new ideas, and use new principles to explain
phenomena. Even though the students may have added new facts to their
knowledge structures, they may not have effectively reorganized and improved
their scientific explanations of the phenomena. Indeed, learning that requires
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students to change their core concepts about phenomena appears to be a
difficuit kind of learning to accomplish.

West and Pines (1985) distinguish more radical restructuring
(conceptual change) from weak restructuring, by its difficulty for the learner:

Conceptual change involves abandoning one’s commitment

to one set of conceptual understandings by adopting another

irreconcilable set. This abandonment is not always a

component in conceptual learning, but when it is, it is a

difficuit and painful process which requires both a

commitment on the part of the learner and special

instructional techniques. (p.7)

Novice learners in science may have alternative schema for
understanding science that prevents them from making new information part of
their knowledge structures. Their learning processes are worth examining to
better understand the relationship between novice to expert knowiedge
restructuring shifts (Vosniadou & Brewer, 1987) and conceptual change to
more scientific thinking (Posner, Strike, Hewson, & Gertzog, 1982).

The question now becomes, if teachers are interested in assisting
students with these difficult conceptual shifts, how can they document such
knowledge restructuring or conceptual changes in students’ thinking? Writing
about thinking as students do in classroom writing episodes might provide
such a record of student thinking changes over time. Later in this chapter,
under the heading
Restructuring, | describe the instructional changes that might support students’

conceptual change learning. As far as students’ conceptual change in matter

and molecules is concerned, in the following section, | present the evidence for
kinds of knowledge students display before learning, and the changes they
make as a result of instruction in matter and molecules.
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Eichinger, Anderson, Berkheimer, and Blakeslee (1990) studied the conceptual
frameworks that sixth graders use to explain the nature of matter and physical
change by administering clinical interviews and paper-and-pencil tests to
students in 15 sixth grade science classes taught by 12 teachers over a two
year period. They observed the students’ conceptions both before and after a
learning unit in Matter and Molecules, to assess the effectiveness of two
alternate instructional units in helping students’ change their initial
conceptions. The classrooms were heterogeneous with regard to ethnicity,
and primarily of lower SES background. For these sixth graders, Lee and her
colleagues identified five general categories of common real-world or
alternative conceptions in understanding the nature of matter and physical
change, both at the macroscopic and microscopic level. They found that prior
to instruction, most students had alternative conceptions at the macroscopic
level and “did little more than guess" at the microscopic level (p. 15). The
overall percentage of students who demonstrated adequate understanding of
scientific conceptions on paper-and-pencil pre-tests was 3.8% in both the first
and second years. Students demonstrated understanding by their “conception
score” (p. 11) coded according to their responses on the tests that
demonstrated either understanding of the scientific goal conception,
ambivalence, or commitment to a real-worid or alternative conception (see
Table 2.1 for a detailed description of student conceptions in each category).
After the first year of instruction, students showed ability to use molecular
language in their discussions, but still retained many of the same alternative
conceptions they had prior to instruction, and showed understanding of 26% of
the scientific goal conceptions. Following a revised unit during the second
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Students’ Real-worid or Alternative Conceptions about Kinetic Molecular Theory
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TABLE 2.1

]

1

1. Nature of Sclentific: Beal-worid or : Real-world ot
Matter Solids, liquids, alternative: All matter is alternative:
and gases are  Classification is made of No molecular
matter and take based on submicroscopic motion initially.
up space; other irrelevant particles or in learning about
things (e.g. heat, properties, invisible molecules, non-
light) are not incorrectly molecules, matter is
matterand do  classified. constantly described as
not take up moving, molecular,
space. Transformations | nothing but molecules are jn
conserve empty substances,
Matter is substances but space between. comparabie in
conserved in all necessarily mass; size to dust
physical disappear and specks, cells,
changes. cease to exist. germs, may be
still or move by
external forces.
2. States of Sclentific: Beal-worid or Sclentific: Real-world or
Matter Gasescanbe  aiternative: Three states of alternative:
compressed, and Gases move from | matter States of matter
spread evenly one place to are differentiatedare differentiated
through the another when based based on
spaces they compressed or on arrangement observable
occupy. expanded, and are| and motionof properties only;
unevenly molecules; attributed to the
distributed. motion continuesmolecules
independently of themselves;
observable molecules share
movement. in observable
properties.
3. Thermal Scientific: Beal-worid or Scientific: Real-worid or
Expansion Substances alternative: When a -alternative:
expand when  Substances substance is Molecules
heated. ‘shrivel up® when | heated, themseives are
heated; expansion| molecules move changed by
of gases explained| faster and farther heating; no
in terms of apart. relationship
movement of air. between
molecules
moving faster or

farther apart.
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TABLE 2.1 (continued)

MACROSCOPIC MICROSCOPIC
4. Dissolving Scientific: Beal-world or Sclentific: Beal-worid or
The solute alternative: Molecules of alternative:
changes froma The solute solute break No molecular
visible to an “disappears”, awayandmix  motion initially.
invisible form  “meits”®, or with molecules Focus on
during "evaporates”. of observable
dissolving. solvent. substances, or
molecules
themselves
“dissolve".
5.Changesin | Scientific: Beal-world or Scientific: Real-world or
states of matter. | Air contains alternative: Heating and alternative:

invisible water No recognition of | coolingmake Heating and
vapor; water water vapor in air, | molecules move cooling make

vapor in air or liquid water faster or siower, molecules
condenseson changesintoair; | causing changes themselives
cold condensation isa | of state interms change;
objects. reaction between | of arrangements moiecules share
heat and coldness.| and in observable
motion. properties of
substances.

year, students demonstrated about 50% understanding, and again, retained
many original alternative conceptions. | expected to find similar real-world or
alternative conceptions about the nature of matter and physical change before
instruction in this study. The Matter and Molecules unit that was used in this
study was a revised version of that used by Lee and her colleagues. Thus,
following instruction, | expected to observe changes in conceptions from real-
world or alternative to more scientifically oriented similar to the ones Lee and
her colleagues reported. Lee and her colleagues were more concerned with
measuring whether students, on the average, gained more understanding of

scientific principles. They did not report what occurred for individual students
as each attempted to learn the concepts and restructure thinking. With the
present study, | attempted to provide a clearer picture of the knowiedge
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changes that occurred for individual students, and provide information about
how some students begin to abandon their real-world or alternative
conceptions and think more scientifically as a result of instructional events.

Summary

Conceptual change requires students to accomplish a more radical form
of knowledge restructuring to change their core concepts, and the principles
by which they explain events. Students must, at times, also change their
theories about how the world works. For this reason, students often find it
difficult to radically rebuild their conceptual schema to make it useful. In fact,
researchers have found that even with special instruction, students do not
complete the necessary thinking changes they need to make from their real-

world conceptions to more scientific ways of thinking.

According to Langer and Applebee (1987), the act of writing facilitates
the logical and linear presentation of ideas. The permanence of the writing
then permits reflection on what has been written, and changes the
development and shape of the ideas. In her review of writing in the content
areas, Rosaen (1989) stated that researchers have found that the form of
writing children chose shaped the details and information that the children
paid attention to, and thus, influenced what they remembered. When students
paid attention to text, and made notes on the text, they remembered facts from
the text. When students wrote in more depth about their ideas related to the
text, they remembered the ideas they wrote about, but did not remember as
many factual details from the text.

Langer and Applebee (1987) observed six high school juniors as they
approached writing about text and the effects that their writing had on their
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learning. The tasks students performed were common study tasks, completing
short-answer study questions, taking notes, and writing essays. Each student
met with the researchers individually for two sessions a week apart. Langer
and Applebee used think aloud protocols while students completed writing
activities. They found that extended writing activity presented their student
subjects with opportunities to think about the information and to think about
how to integrate the information into more organized units of knowledge in
their writing. They also found that different writing study activities involved
students in different patterns of thinking and lead to different kinds of learning.
When students responded to study questions in writing, students tended to
read the question and locate the information in the text. Students spent less
than 15% of their time writing or thinking about ideas while doing this task.
During notetaking activities, in contrast, students focused most on the content
of the text passages, and spent 33% of their time reading the text, and 66% of
their time writing or thinking about content. During essay writing activities,
students read the text, seemed to consider the reading in the context of their
question, brainstormed ideas, and constructed an interpretation and response.
In essay writing activities, students gave more attention to generating,
integrating, and evaluation their ideas in relation to the text. Students thought
about more ideas, and spent more time reasoning, during essay writing.
Langer and Applebee reported that students’ topic knowledge increased most
for essay writing, next for note-taking, and least for study question writing.

Langer and Applebee (1987) concluded that analytic writing tasks lead
to more thoughtful focus on a smaller amount of information and is longer lived
than summary and question-answering writing tasks.

In Langer and Applebee’s study, the most successful use of writing for
learning occurred when the students and teacher shared an understanding of
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the goals of the activity and shared an understanding that the activity required
collaborative interaction. It was important for this research that | find out if
students and teacher shared understanding of the goals of students’ writing
activities, and shared the idea that the writing requires collaborative interaction
with the teacher.

Langer and Applebee summarized their impressions from their research
when they say they found

. . . Clear evidence that activities Invol::ng writing lead to

better learning than activities involving reading and studying

only. Writing assists learning. Beyond that, we learned that

writing is not writing is not writing; different kinds of writing

activities lead students to focus on different kinds of
information, to think about that information in different ways,

and in turn to take quantitatively and qualitatively different

'1%%‘;8 of knowledge away from their writing experiences. (p.

The writing that students did in the present study was answering of
workbook questions about matter and molecules, which was similar to Langer
and Applebee’s study question writing, but relied more on students’ ideas
about content than on their repeating words from text. Students also
answered questions to explain events and freewrote about their explanations
and ideas, which was similar to Langer and Applebee’s essay writing, but more
informal. For instance, during the first lesson about pure substances and
mixtures, students were asked to respond to the following in their activity
booklets after attempting to separate various mixtures:

(1) Howdid you try to separate the mixture?

(2) How successful were you?

(3) What have you learned about pure substances and mixtures?

(4) Explain a pure substance. Explain a mixture.

(Anderson, Eichinger, Berkheimer, & Blakeslee, 1990).
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Here students were asked to think about what happened and what it
means. They were writing their ideas about what they did, what it means, what
they are thinking and why. They were expected to attempt explanations of
their ideas. Students were led by the questions to focus on what happened
when they attempted to separate a mixture, and how that related to the
difference between pure substances and mixtures. In the same lesson
students were asked to freewrite their ideas about how they might distinguish
pure water and a mixture with water. This writing and some activity booklet
writing to explain and make plans was like the short essay writing in Langer
and Applebee’s study, while some of the activity booklet writing to answer
questions was similar the study question conditions that Langer and Applebee
(1987) observed. Consequently, students’ writing might have displayed their
thinking about the meaning they made from the activity, and how it fit with their
prior knowledge about pure substances and mixtures. Their writing activity
focused their thinking on their ideas about how to tell a pure substance from a
mixture, and how these concepts relate to one another. | believed this writing
might provide a window into understanding how students connected the

concepts of pure substances and mixtures.

Langer and Applebee (1987) found that writing and learning activities
are not all the same: Different kinds of writing activities influence students to
focus on, and thus remember, different aspects of content. Rosaen (1889)
noted that not only do different writing tasks lead to different kinds of learning,
but teachers may encounter difficulties when they attempt to use writing to
foster their students’ knowledge development, since there is a complex
interaction between students’ knowiedge about writing and their knowledge

J
'|
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about content. W engageiudents in cognitive activity that
promotes students’ use of higher order thinking as they learn subject matter,
but students may need instruction in how to write to foster their own learning.
Teachers need to assure that they provide opportunities for students to
develop knawledge and skill not only in the subject matter content, but
teachers need to help students develop their knowledge and skill with writing,
and how to manage the writing process—to go beyond m__e_re_w
in their writing (Rosaen, 1989).

Writing can enhance learning and provide teachers with a means of
engaging students’ minds with the subject matter. At the same time, the kinds
of writing that students are asked to do will influence what they learn (Langer &
Applebee, 1987) and influence the difficuity of their writing-to-learn task
(Rosaen, 1989). For this study, it was important that | ensure that the kinds of
writing that students were asked to do would foster the_kinds of thinking |
@W. The questions | presented in the last section from
Anderson, Eichinger, Berkheimer, and Blakeslee’s (1990) Matter and Molecules
Activity Book and the freewriting exercises the students did, seemed to foster
the kinds of student thinking that | wanted to observe. For instance, when
students explained the differences between pure and mixtures, they wrote
their ideas about how their conceptions of pure and mixtures fit together and
were the same or different from one another and how they might be related. |
wanted to observe the way students put these conceptions together when they
tried to explain in writing. It was also important that students were familiar with
the writing task, and did not view the writing as difficult. Once students have
some control over a writing task, what can their writing tell us about their
content knowiedge?
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How student writing displays content knowledge. Not only will students’
knowiedge of content and writing influence their ability to use writing-to-learn
activities effectively, the particular forms of their content understanding are
likely to influence both what they say and how they say it (Ammon & Ammon,
1987). In a study observing the effects of content difficuity on how students
from sixth to tenth grade performed various writing tasks, Ammon and Ammon
interviewed students prior to their experiments using semi-structured questions
and follow-up probes to assess students’ content understandings. They asked
students to describe and explain in writing what happened in their
experiments. They then asked students a series of debriefing questions after
students completed the writing task. Each student was asked to write about
two different content areas (displacement and buoyancy) using two different
writing forms for both. The two writing forms students used varied in
complexity: The two tasks consisted of a description task (expected to be an
easier writing task) and an interpretation task, which was expected to be more
difficult. The interpretation task asked students to %and ex’@ a

L Mng event that occurred during the experiment, write 8 summary of

v o)

\/

~—

the og_sgnminns, and interpret their observations.

Ammon and Ammon’s preliminary ﬁmgs were that students’ limited
scientific understanding could inhibit the writing that students were able to do.
When students had fuzzy understandings about content or difficuly
understanding the content, they were unable to write clearly about the ideas.
When the content was difficult for students to understand, they had difficulty
writing about their reasoning in proper form, because they skipped steps they
did not understand, or they did not see the importance of reporting some
steps.
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Also, students may need to be familiar with the discourse form they are
to use: A difficult discourse form could interfere with students’ idea
production. When students were familiar with the discourse form some
learned to write more clearly about their ideas even when they were still at a
lower level of scientific reasoning. Learning the discourse form may have
helped some students achieve new understandings while they wrote about
their experiments. For instance, when students were comfortable with the
writing task, they wrote about ideas, and sometimes got a clearer
understanding of what they knew as a result of the writing. Ammon and
Ammon found that when students had a better command of the concepts, they
tended to focus more on explanations in their writing. When they were unsure,
they tended to focus more on background description.

Ammon and Ammon found that students’ writing about a problem
showed their trying out of various ideas and their uncertainties. They found
that interactions between content understanding and written form are
complex--content generation involves interaction of the students’ cognitive
abilities with the difficulty of the topic and the demands of the writing task.
Thus, difficult conceptual content can have a negative effect on student
writing; specific aspects of content that students find problematical can affect
their writing performance, and their interpretation of the writing task. Ammon
and Ammon suggested that teachers assess the content difficuity from the
student’s point of view before assessing knowledge from their writing. They
found that

. . . students who have arrived at a new level of content

appear to wiit with more. clarity, and seem more.fikely 16

content understandings can %"5:&5323%’ the process of

writing itself, if the student is ready with appropriate content
undorstandmg and writing skilis {when tgey have previously

»
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grappled with conflicting ideas and find the writing form easy to
accomplish]. (p. 8)

Chi, Glaser, and Rees (1982) supported Ammon and Ammon’s findings
with their study asking students tj)/sgﬂqajgg ‘a chapter of a physics text.
They asked four experts and five novices to review the chapter for 5 minutes
and then summarize out loud the important concepts. The book was available
during the summarizing, so that the differences could not be attributed to
differences in retrieval ability. There was no difference in the length of the
summaries, or in the npumber of relationships the subjects made. There was a
difference, however, in the complexity and completeness of experts'’
statements compared to the novices' statements. The experts’ statements
were more complete about the physical laws, and contained on the average
three subcomponents, whereas novices mentioned an average of two
subcomponents. Even though Chi, Glaser, and Rees used verbal rather than
written reports in their study, it appears that the expressions that learners use
to describe their ideas provide some understanding of their conceptual
structures. If Ammon and Ammon are correct about writing as a window to
thinking, Chi, Glaser, and Rees might have gained similar results if their
subjects had written about their ideas rather than stating them verbally. This
seems especially so if their subjects were familiar with the writing form. In this
study, | compared the written and verbal explanations of six target students to
see how closely students’ written expressions matched their verbal
descriptions of the same concepts, to provide evidence that such similarity is
likely.

Though the interactions between content knowledge and knowiedge of
writing form are complex, research findings indicated that student writing can
show their experimentation with new ideas and uncertainties about content.
Ammon and Ammon were able to discover students’ unresolved problems in
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understanding in their writing. They found that students who had previously
displayed understanding in their interview, but could not communicate an
understanding in their writing, had problems with the concepts that they had
not settied.

ool e et S s ot

provides another window through which a teacher can view

and understand why students write the way they do. (p.8)

In the present study | looked at student writing to gain insight into
student understandings. | needed to keep in mind that the difficulty of the
content, and difficulty of the writing task, could confound my efforts to get at
what students were thinking. For the purpose of this research, it was
necessary that students were familiar with the writing discourse form they were
to use to lessen the likelihood that the act of writing interfered with their ability
to express their ideas about content. The writing that students did was in
response to questions in their activity books and freewriting about the
concepts. | expected the writing students did in response to activity book
questions to be more difficuit, because students might attempt to write in more
scientific genre and write what they think might be the "right answers":
Students knew the teacher would be grading their responses in their activity
books. In their freewriting activities, students were instructed to write freely
about their ideas in their own language. The teacher was to make it clear that
there were no right or wrong answers during the freewriting, nor would the
freewriting effect their grade. The freewriting activity was a chance for
students to put their ideas on paper in their own words without penaity. |
expected the freewriting activities to be an easier form of writing for the
students. By having both forms of student writing available, the subtie
differences between the knowiedge displayed in more difficult writing tasks
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and the knowledge displayed in easier writing tasks might show through. | also
wanted to find out how easily students expressed their ideas about content in
both forms of writing. Once students were familiar and comfortable with the
writing tasks, what they wrote about the content could provide me with clues
about their content knowledge. If a student wrote mainly descriptions of what
he did and saw, he may be unsure about his understanding of the content; if a
student wrote more explanations about what he saw, he may have better
command of content understanding. Or he may be better able to use writing to
express his thinking.

Summary
The kind of writing activity students do involving content tends to focus

their attention on that information. Also, the difficulty of the content can
interfere with students’ ability to use their writing fruitfully to focus on
information. And if the writing task itself is difficult, the task further confounds
students’ abilities to focus attention on their ideas about content. But when
students have some facility with the writing task, their writing provides another
means of learning content and opportunity for students to explore their ideas.
Most important for this research, students’ writing offers an opportunity to look
at students’ understanding and problems with understanding-—their new ideas
and uncertainties.

Students’ writing can provide a record of students’ thinking
development as a result of dialogue, and has been documented in written
dialogic student-teacher journals by Staton (1882, 1988). | review Staton’s
findings in the next section.



Staton (1982) and Staton and Kreeft (1988) reported the results of a
study in which Staton analyzed written dialogue journal interactions to show
how a student grew in concept understanding in a specific domain, math.
Staton followed one eighth grade student’s interactions with his teacher, and
traced the student’s talk throughout one year. Staton analyzed the student’s
dialogue with the teacher as he talked about, and elaborated on his ideas
about math. She found evidence that, over the period of the year, the teacher-
guided interactions lead the student to develop an understanding of general
principles about how to learn, and what constitutes learning in math.

Staton’s methods for the longitudinal case study included a first holistic
reading and describing of topics the student discussed in the journal, then an
intensive analysis of the student'’s talk to the teacher, the dialogic interactions
between the teacher and the student, and the changes in the student's
reasoning as response to teacher questions and initiations. To understand
each writer’'s intentions and meanings, she analyzed the student’s, teacher’s,
and student-teacher’s dialogue by approaching each as an extended set of
symbolic statements.

Staton provided evidence that students’ writing can show their
knowledge restructuring as they come to a new understanding. At the
beginning of the year, the student made nonspecific comments about math
that lacked any explicit reference to anything concrete or real, and offered no
new information, statements such as "I enjoyed math today. But its not like |
didn’t learn anything" (1988, p. 262). As the year progressed, the student’s
thinking showed a marked shift toward developing more specificity in
describing his actions, identifications of math learning, and identifications of
his feelings. By the end of the year, the student was specific about math
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concepts, and showed ability to classify, and compare experiences from one
day to the next, for instance "Math was pretty good for me today. | like the
Confucious Say puzzie. But both of them were fun. | like it when we do
puzzles like that in math class. Its working, but having fun at the same time. |
am glad that | was kinda good in math today. It really makes me happy." (1988,
p. 273). Staton reasoned that the student had developed a better
understanding or knowiedge of the concepts because he was able to combine
specific accounts of his experiences (I like it when we do puzzles like that in
math class) with some explicit formulation of their meaning with regard to
cause or general principle (its working, but having fun at the same time).
Though this change in the student’s dialogue may seem inconsequential in this
small evidence, it showed Staton that though the student had consistently
talked to the teacher about “moving up in math", he had not connected that
moving up in ability required hard work. After several teacher written
explanations that moving up in math required hard work, the student eventually
began to internalize the principle that working hard in math was what made
math fun, and he began to talk about the meaning he made from learning this
principle in his journal writings.

The importance of Staton’s work for this study is its demonstration that
writing can provide teachers with a picture of students’ thoughts about
content. Staton was able to show a change in student thinking by observing
his writing over time. In the present study, students wrote about their thinking
to the teacher to demonstrate their understanding of the science lesson in their
activity book worksheets and freewriting activities. By observing students’
activity book- and free-writing throughout the learning unit, | attempted to
observe changes in student thinking just as did Staton.
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Summary
At least one researcher has documented the careful analysis of a

student’s writing to show a student’s changes in thinking over time, thus
demonstrating that students’ writing as they attempt to understand science
content might very well provide information about similar thinking changes.

Staton’s methods of holistic readings, then intensive analysis of dialogic

interactions and changes in reasoning responses in the student’s writing
informs this study for methods of following students writing over time.

Identifying topics. The work of Staton (1982), and Staton, Shuy, Peyton
and Reed (1988), provided methods of identifying how the student identifies
and elaborates on a topic. Figure 2.2 shows a one day chart used by Staton
and her colleagues (1988) to track student topic discussion across time, and
on any given day. The charts | used were similar, but showed explanations
about matter and molecules over time from just one student. My

Fall, Geteber 30, Undnesdey, 1979 Stadeats (Jaitials)
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Figure 2.2  Student topics across the class on any given day. (from Staton,
Shuy, Peyton, & Reed, 1°£e p. 250)
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charts provided a schematic map of the conceptual thinking patterns occurring
for a student across each unit, and was intended to inform my understanding
of the movements of the matter and molecules conceptions as a student
displayed her thinking over time, just as Staton observed students’ discussions

across time (see Figure 2.3).
Student: ima CONCEPTIONS ABOUT DISSOLVING
Pretest Dissolving SB Explanations Posttest
suga dissolves put the teabag in sugas cube dissolved mmw
into the wates and water and dissoive  very quickly aftes the sugas to break it
becomes part of  the sugar out of we stived, because down; when the water
it; dissolves faster the bag. sugar is the water molecules (l'l20]-ol.eduhm
in hot water: too big for the holes. were moving so beoken it down. the
because hot might supar will dissolve  quickly and the water sugas dissoives and
molt it and maybe become  molocules hit and forms a mixture with
a mixtwre with the bumped the sugas the water; sugas
water; the molecules cube to break it down; dissolves faster in
will become a ttle  when the sugas was hot water: the hot water
(asther apast in the  broken down. it makes the molecules
SUGar. sughs is became sugar molecules. move faster and fasther
becoming a different mined togethes and apast. o they will
form and the wates became a mistwe; break the sugas
is mixing with the suga down faster and it will
to become a mixtwre dissolve a lot quickes

Figure 2.3 Chart for concepts one student identified in her writing about
dissolving.

The charts helped identify the concepts from the Matter and Molecules
unit that a student discussed according to the text/activity booklet questions,
activities, and freewriting topics on which the teacher and curriculum materials
focused, and students’ concept development across time. These charts
provided a record of the number and the time that the student, teacher, or
activity book initially brought up a concept, and when and how each discussed
additions to the topic.
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Staton’s (1988) method of charting topics provided her with a
quantitative description of the structure of elaboration, and used the students’
initial topic-comments as an underpinning for successive elaborations. For the
present study, | used Staton’s information to help me organize the various
student statements about the same concepts. This evidence only provided
me with information that knowledge has been changed-—accreted, or tuned—
and not necessarily restructured. There might be some weak restructuring, if
there is some schema change shown by studnets’ connecting concepts in new
ways. But the researcher needed criteria to help discern the presence of more
radical restructuring. Other researchers provided assistance for finding
conceptual change with the following criteria.

There are three criteria generally accepted as evidence of conceptual change
or a radical restructuring of existing schema (Kuhn, 1970; Carey, 1985b; Wiser
& Carey, 1983). A new schema differs from old schema
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Figure 2.4 Node-link network of Novice H. P.’s schema of an inclined plane.
(from Chi, Glaser, & Rees, 1982, p. 57)
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when (&) the individual concepts within the structure differ, (b) the structure
itself differs, and (c) the domain of phenomena the structures explain differs.

Chi and her colleagues (1982) were able to determine the knowledge
contained in the schemata of experts and novices by using a node-link network
of key terms mentioned by the subjects in their elaboration protocols. The
nodes are key terms linked to the identifiers that subjects mentioned

Figure 2.5 Node-link network of Expert M. G.’s schema of an inclined plane.
(from Chi, Glaser, & Rees, 1982, p. 58)

contiguously. The links are usually uniabeled, and are relations that join the
concepts that the subjects mentioned contiguously (p. 55, see Figure 2.4).

The novice and expert networks represented a potential schema and
allowed the researchers to observe the elaboration of the principles and
conditions of how each applied their knowledge to a presented physics
problem. Chi and her colleagues asked two experts and two novices to
elaborate on a selected sample of 20 concepts, ranging from labels provided
by the experts, to some provided strictly by the novices. They presented each



sop it
peting the
st 0t
lB8S W
0 oS
ioowedge C
ks o inte
0 proced
ink network
gmonstrat

£hema ex
Mthe“

w8 able

wih the |



45

subject with a concept individually and allowed each three minutes to tell
everything they could think of about the concept. They also asked each
subject to tell how a problem might be solved using the concept. Chi and her
colleagues were able to show with these schematic networks that novices and
experts possessed different schema. Both possessed a fundamental
knowiedge of the problem and its properties, but experts possessed more
levels of interconnected knowledge, and related that knowledge to principles
and procedures. As can be seen from comparison of the two semantic node-
link networks from Chi and her colleagues, (see Figures 2.4 and 2.5), experts
demonstrated in their schema more individual concepts, more elaborated
structure with more and more varied connections between concepts. The
schema explained a different domain of phenomena, the core concepts and
how they related was often more elaborate. Hence, Chi and her colleagues
were able to demonstrate the differences between individual concepts within
structures, the structures themselves, and the domain that the schema explain
with the use of node-link network of key terms that the

Figure 2.6 Representation of irma’s conceptions of dissolving on pretest.
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subjects stated about a problem. In Figure 2.6, | represent Irma’s written
pretest ideas about dissolving in a semantic node-link network from her writing
illustrated in Figure 2.3.

Semantic node-link networks allow researchers to picture a student's
specific propositions in a conceptual area, but | needed to assume that an
important feature of such a representation is that it is propositional, and merely
a potential schema that the learner may possess at any given time. Semantic
node-link networks, as helpful as they can be for researchers to understand
student thinking, do have their limitations (Stewart, 1880). The number of
concepts we can examine are limited. The more concepts we're interested in
observing increases by four or more when all the relationship pairs are
considered, and the enormity of the task may limit what we are physically able
to analyze. A second limitation is the incomplete picture of any given
student’s cognitive structure that this assessment technique provides.
Students can often recognize relationships that they do not spontaneously
volunteer in interviews or on paper-and-pencil explanations. Stewart (1980)
proposed that the use of such cognitive assessment techniques focus primarily
on significant science content and any study that attempts such description
needs to provide detailed records of the lecture and text materials, tape
recordings, and portray the semantic information in these events also as
networks, for a meaningful record of the concepts presented. He emphasized
that cognitive structure be assessed before the instructional treatment to
determine relevant prior knowledge and assessed following treatment to show
what types of changes occur in cognitive structure as a result of instruction.
He proposed also that researchers in science education use semantic
techniques to answer questions about how students’ existing cognitive
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structures interact with instructional content, and what the results look like to
enhance our knowledge of "what science is learned and why" (p. 387).

in this study, | present representative networks of student thinking
before instructional treatment, during, and following instruction, in an attempt
to determine relevant prior knowledge and the types of changes that occur as
students attempt to learn about matter and molecules. The use of semantic
node-link network mapping might show students’ core concepts, structure, and
organization changes better than merely observing the writing and describing
what they wrote. | hoped to discover how students’ existing cognitive
structures interacted with the instructional content in matter and molecules to
show what science students learned, and possible reasons why they learned
what they did. Placing students’ written ideas into semantic node-link
networks might highlight the changes in structure students accomplished as a
result of instruction.

. From the work

of Lee, Eichinger, Anderson, Berkheimer, and Blakeslee (1990, described on
pages 26 to 27, this document) | expected to find similar real-worid or
alternative conceptions at the beginning of the lesson unit with the sixth grade
students in this study. Lee and her colleagues provided me with a picture of
what scientific thinking about the nature of matter and physical change looks
like. | was able to construct semantic node-link networks of the scientific goal
and real-world or alternative conceptions outlined by Lee and her colleagues,
compare those networks to those | constructed from students’ writing, and
their pre-test and posttests, and observe the changes that appeared to be
evidence of conceptual change.



Summary
Staton (1982; 1988) demonstrated a method for identifying student

elaborations on a topic by charting what a student said over time. Such charts
were useful for analysis in this project, to map what a student said verbally or
in writing about a concept over time in the matter and molecules lesson. Chi,
Glaser and Rees (1982) demonstrated a method of graphing potential schema
by constructing semantic node-link networks based on what individuals
mentioned contiguously in their verbal statements. Semantic node-link
networks constructed from what students wrote and said in this study helped
me analyze students’ schema for the concepts, prior knowledge, and changes
in core concepts over time. Lee, Eichinger, Anderson, Berkheimer, and
Blakeslee (1990) provided a picture of sixth grade students’ common real-worid
or alternative conceptions about matter and molecules, and showed where
students needed to go to develop more scientific thinking about the content.

Research on Mechanisms Influencing Knowledge Restructuring

What Are the Likely Mechanisms?

From where do new ideas and uncertainties arise in students’ attempts
to understand science? In Chapter 2, | defined the mechanisms for
knowledge restructuring as some external experience that triggered internal
changes in understanding. Studies on classroom discourse have
demonstrated that these changes in understanding may arise from interactions
with the teacher, other students, and text-like information about content in
classrooms. The following research review was used to guide my observation
as | attempted to answer the second research question about the possible
mechanisms operating within classrooms that might be associated with
knowledge restructuring, how to identify the mechanisms within the classroom
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context, and to cross-reference such information with students knowledge
restructuring evidence.

in the following section, | suggest several classroom events and
influences that might be associated with knowledge restructuring based on
researchers’ reports of learning in ;:Iassrooms. This list is not exhaustive, but
represents the events that appeared to stand out most to me as | perused the
literature about effective science classroom learning. The likely mechanisms
influencing science knowledge restructuring might be various kinds of
dialogue-—argument or controversy, Socratic dialogue, cognitive confict,
surprise, reflection, writing, metaphor or analogy, student peer interactions,
and talk with the teacher. Also likely influencing student science knowiedge
restructuring is students’ prior knowledge, and their learning goals and
strategies. | discuss each variable in the following review.

Dialogue. Dialogue with an adult or more experienced peer eventually
results in thought, and those mechanisms underlying higher mental processes
are an internalization of dialogues previously held in social interactions
(Vygotsky, 1986; Wertsch, 1985). Students most likely restructure knowiedge
through argument or controversy (Johnson & Johnson, 1979) and Sqcratic
dialogue or periods of cognitive confiict (Collins, 1977; Posner, Strike, Hewson,
& Gertzog, 1982; Stavy & Berkovitz, 1980; von Glasersfeld, 1984; Vosniadou
and Brewer, 1987), or surprise (Lawlier, 1881), and during periods of apparent
inactivity and refiection (Cobb and Steffe, 1983). Social confiict that arises
when students work together to co-construct meaning mediates cognitive
change (Murray, Ames, & Botvin, 1977). Dialogue with the self, and refiection
on thinking, as students do when they write, might also be a mechanism that
provokes knowiedge restructuring (Langer & Applebee, 1987; Ammon &
Ammon, 1987).
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may have disregarded that will provide more information about how to classify
the object (von Glasersfeld, 1984). Piaget stressed cognitive conflict through
social encounters as a way to confront the individual with alternative points of
view, and help her realize the limitations of her own ideas (1950, Ch. 6). The
learner must then “fit* the concept of the object into her knowiedge structures,
and if it does not *fit", the learner needs to consider building new knowledge
structures to accommodate the new information. This action on the part of
the learner is an instance of Piaget’s accommodation, and Rumelhart and
Norman'’s restructuring.

Stavy and Berkovitz (1980) examined the effectiveness of conflict
training procedures on advancing children’s cognitive development of the
concept of temperature. They observed 77 fourth-grade children, primarily of
middle class background, in three groups: One group received conflict
training during their classroom study, the second group received conflict
training individually, and the third group served as a control. All children were
interviewed individually for pre- and posttest. Stavy and Berkovitz found that
the conflict training improved children’s understanding of the concept of
temperature in both the classroom and individual training settings. They
claimed that the conflict training helped make children aware of confiicts
between their different ways of thinking about temperature. Children were
more likely to change their thinking when the conflict situations showed more
intense differences. In this study, | attempted to observe the cases where the
six target students might have demonstrated they were experiencing cognitive
conflict, and see how they resolved their thinking in such instances.

Surprise. Lawler (1981) noticed as he was studying the natural
arithmetic learning of his six-year-old daughter that she experienced insight as
a result of surprising confluence of results from adding numbers two different
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ways, ways that she had previously considered part of independent worlds.
One method resulted from her understanding of tens, and the other from her
finger counting experience. She was able to see through her father’s
questioning, that both worlds of understanding could be integrated to find the
right answer to an addition problem. Lawler suggested that it was the
surprising confluence of her results that led to the spark of a cognitive event
for his daughter. She changed a non-relation (between finger counting and
counting by tens) into a relation, and thus, created a new knowledge structure.
| attempted to observe and analyze all instances of surprise that the six target
students showed in this study.

Inactivity and reflection (dialogue with the self) Altonlee and
Haberfield (1982) studied three upper elementary children’s learning in
conservation by tape recording class discussions, monitoring student
activities, and observing all student written and art work. Based on student
responses on a posttest, interviews before and after the unit, and again one
year later, Alton-Lee and Haberfield found a positive relationship between what
students learned and the time they spent in inactive or reflective moments
such as verbalizing to themselves, or writing. Children were inactive when
they were not involved in the classroom activities of reading, listening to the
teacher, talking to peers, or other learning activity, whenever their actions did
not appear profitable for iearning or busy with learning activities. An example
of inactivity would be staring out the window. Reflecting activity is pondering
or meditating one’s thoughts. Students may be seen refiecting when they stop
working and look away as they accomplish learning tasks, or stop during
writing to look back and think about what they have written. In this study, |
observed and analyzed any evidence that the six target students might be
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taking time to reflect on their thinking as evidenced on the videotapes of
classroom activities.

The act of writing (another form of dialogue with the self and others).
When students write, they put their words on paper where they can re-read and
refiect on what they have said, and how they have shaped their ideas. The
manipulation of content with writing activities provides students with a means
of focusing attention, and then, reflection (Langer & Appiebee, 1987). Ammon
and Ammon’s research (1987) supported this aspect of learning from writing,
as they demonstrated that learning the writing form they were to use allowed
students to move to new levels of understanding as they wrote (see quote,
page 22, this document). The writing that students did in the present study
provided them with a permanent record that they could re-read to refiect on
their own thinking. If students change their thinking as a result of refiecting on
their ideas in writing, they may show this by actually stating it in their writing,
or less overtly with their cross-outs and insertions into their writing pieces
(Ammon and Ammon, 1987). A debriefing interview with selected students
following their various writing episodes during the learning unit helped me
illuminate such occurrences.

Metaphor and Analogy. Another source of student understanding
development may be rooted in the linguistic metaphors of their history and
culture that attempt to explain physical phenomena (Hewson, 1985). A
metaphor is a figure of speech in which a word, phrase or event is used to
imply the form of another similar, but not exact form of a word, phrase or
event. An example of a metaphor is to speak of fog as "creeping in on cat's
paws" to convey the quiet, creeping of the fog with greater understanding and
fewer words. Metaphor helps us convey meaning by providing a continuum of
experience that words alone cannot convey. Metaphor allows us to convey
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inexpressible ideas. Metaphor is more vivid because it is closer to our
perceived experience, and more compact than a linear progression of words.
Metaphor allows us to transfer large chunks of linguistic information in fewer
words and in a more continuous mode (Ortony, 1975). Ortony claimed that
metaphor contains pedagogic value in its ability to transfer coherent chunks of
perceptual, cognitive, emotional, and experiential features from a familiar
subject to the unfamiliar.

As metaphors are figures of speech containing an implied comparison,
and applying a word or phrase ordinarily used to describe one thing to another
thing, analogies are ways of explaining something by comparing it point by
point with another thing. Analogies are more explicit forms of comparison.
Both metaphor and analogy may be important classroom events for helping
students make an unfamiliar concept more familiar. In this study, | observed
and analyzed all instances in which the teacher or the curriculum materials
presented metaphor or analogies to help students understand concepts, for
evidence that such events helped students restructure their thinking.

Support for the cognitive value of collaboration and dialogue in the
classroom comes from Forman (1981); Forman and Cazden (1987); Newman,
Griffin, and Cole (1987); Clark (1988); Zeidier and Lederman (1889); Alton-Lee
and Haberfield (1882); Roth, Anderson, and Smith (1986); and Edwards and
Mercer, (1987). | will briefly review the findings of each study to show how
important students’ and teacher dialogue is for learning.

Interactions between students. Forman (1881), and Forman & Cazden
(1987), pre- and post-tested children on logical reasoning, then had them
participate in collaborative problem-solving about chemical combination tasks.
During their collaborative problem solving sessions of chemical combination
tasks, the students were videotaped. When the researchers analyzed the
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videotapes they found that collaborative partnerships differed in interactional
patterns and cognitive growth. Collaborative pairs solved more problems than
students acting alone, but post-tests were not statistically significant for
growth in understanding. Forman and Cazden’s results were supported by
Newman, Griffin, and Cole (1987), who reported an observation of 27 children’s
problem solving for similar activities in two different settings, the classroom
and an after school club setting. Students were to perform the same kind of
task, only the content was changed. They found that when students
participated in collaborative problem-solving, they socially reconstructed the
tasks, and made them different. Students’ solved more problems than the
researchers’ expected them to, but they did not measure how much the
students learned and retained from the activity. There appears to be some
benefit for exploratory talk when students are allowed to collaborate on
problems. It is possible that the methods researchers used to test cognitive
growth did not measure the variable that would show important changes in
thinking. If students solve more problems, and talk at higher levels, they may
be internalizing the talk over time. Instruments for measuring student growth
need to assess changes in concept understanding and articulation. The
methods used by these researchers may not have tapped that information. In
the present study, | paid particularly close attention to what students said in
groups and in the larger classroom activities, and related their statements to
the knowledge evidenced in their writing. Such a connection provided more
concrete evidence for what students might have understood about concepts.
Influence of teacher talk. What the teacher says, how sensitive the
teacher is to student responses to instruction, and how the teacher responds
to what students say critically influence student learning (Roth, Anderson, and
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Smith, 1986). | refer to this particular study in greater detail toward the end of
this section.

Clark (1988) studied the structure of classroom dialogue over four years
in 8th grade science classrooms in a large metropolitan secondary school in
Australia. Clark observed three teachers and 113 students in four classes, that
consisted of a representative socioeconomic cross section of students in the
country. Clark used the co-occurrence of words with the context of the words
as a fundamental aspect of the analysis from a collection of dialogue on
audiotape. He found that the most influential variable having an effect on
science achievement was the structure of the teacher-student dialogue. Clark
urged that teachers take responsibility for providing the structural support
necessary for effective learning in their classrooms by using their own
organization of knowiedge to provide structure for student learning, even if the
structure is deficient or incorrect, Clark believed that students learn more
effectively if the teacher provides structure. The learning unit in this study
provided an organized structure that helped the teacher tie new information
together with old information as the unit progressed. The structure of the unit
provided an overall meaningful structure to the lessons. The teacher also
provided some of her own ideas as structure.

Zeidler and Lederman (1989) observed 18 high school biology teachers
with their 409 students, randomly selected from one class of each teacher, to
observe if teachers’ realist or instrumentalist theories of science influenced the
way their students conceptualized the taught scientific concepts. They
conducted intensive qualitative observations of each classroom, and analyzed
complete transcripts of teacher/class verbalizations, records of chalkboard
notes, handouts, assignments, teacher mannerisms, nonverbal cues, and
physical classroom plan. They observed each teacher three times throughout
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the fall semester. They pre- and posttested students with regard to their
orientation toward the nature of science (realist or instrumentalist direction).
Zeidler and Lederman found a relationship between the teacher’s language and
the student’s conceptions. They proposed that teacher’s language reveals
implicit connections between concepts that become conveyed to the students
through classroom discourse. They concluded that “the ordinary language
teachers use to communicate science content does provide the context in
which students formulate their own conception of the nature of science" (p.
77). Zeidler and Lederman proposed that without precise language on the part
of teachers, and teachers’ forethought about how they present information,
students may not make the expected connections between concepts. Thus, |
expected that the teacher’s language, and how she explained concepts and
provided exampies, might influence the connections that students made
between concepts in the Matter and Molecules unit used in the present study.
Alton-Lee and Haberfield (1982) observed three upper elementary
children’s learning of conservation during a science unit by tape recording
class discussions, monitoring student learning activities, talk, and all written
and art work accomplished by the three.  They found that neither the
researchers nor the teacher were able to predict what children would learn, or
forget. Alton-Lee and Haberfield were able to demonstrate a positive
relationship between learning and time spent verbalizing to self, talking with
peers (even during teacher lessons), and writing—behaviors that often are
considered off-task in classroom discourse studies. Those items that students
learned initially then later forgot seemed due to lack of prior experience, failure
by the teacher to identify and change real-world or alternative conceptions,
and lack of any activity to fix, or attach, the learning. The same factors might
influence student learning in the present study. it was important in my study
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that | observe off-task behaviors, pay attention to students’ prior experiencs,
real-world or alternative conceptions, and the activities intended to anchor
students’ learning.

Roth, Anderson, and Smith (1986) observed three fifth-grade teachers
who appeared to be effective teachers (good managers, used directed
teaching methods, and high rates of factual level questions). They used
detailed propositional analyses of the curriculum materials, interviews with
teachers and target students, pre- and posttests of student learning, and
classroom observations and tape recording of teachers and students to
investigate the relationships among curriculum materials, teacher’s thinking,
teaching, and student learning.

Roth, Anderson, and Smith found that Teacher #1 depended on the text
to provide explanations of scientific concepts for the students. She did not
usually rephrase the explanations unless she was attempting to answer a
question from the text. She used discussions that focused on students’
repeating the right answers rather than applying principles and understanding
concepts. Students were exposed to a lot of ideas, but not stimulated to think
about the meaning of the ideas, only the memorization of the right answers.

Teacher #2 asked questions that encouraged students to reword and
develop their answers. She carefully probed students’ conceptions for their
understandings. Another feature of her teaching was repetition of key ideas in
different contexts. 64% of this teacher’s students demonstrated understanding
of the photosynthesis process on the posttest, compared to 15% in teacher
#1's class.

Teacher #3 encouraged students to have ideas, and generate their own
explanations for their observations, but she did not provide information or
feedback about the appropriateness of their thinking. She hoped that students
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would come to their own correct conclusions about the concepts. She
emphasized the process of doing experiments, rather than understanding the
concepts. At the post-test, only 7% of teacher #3's students understood the
new concepts.

After training teacher #3 to use more verbal strategies to uncover
student alternative conceptions and understandings, and providing her with
more effective teaching materials, she was able to talk with her students in a
manner that was more'directive to students’ understanding, and began to
repeat the key concepts more often. As a result, 79% of her students
understood the new concepts on the post-test. In my study, the teacher’s
verbal strategies and teaching materials were an important part of the data,
and served to direct student understanding.

The above findings are supported with studies conducted by Edwards
and Mercer (1987). They observed classroom discourse in actual classrooms
of 8-10 years olds in mainstream junior high schools in England, and followed
the development of shared understandings in a series of video-recorded
classroom lessons, and the linguistic, psychological, sociological and
anthropological contexts that informed their understanding of the discourse,
shared knowledge and education.

Edwards and Mercer (1987) found that even though lessons were
organized to have students perform practical and small-group activities, the
learning that occurred was more a function of the teacher’s shaping the
general pattern and content of the lesson, and in verbally defining what was
done, said, and understood, than was the learning a matter of students’
experiences and communications. They also found that teacher control over
the lesson can lead students to understand only what was done, and what they
are required to say, rather than improving students’ depth of principled
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understanding. Students and teachers establish joint understandings about
the lessons through classroom discourse, and share frames of reference and
ideas. This shared understanding introduces students to the conceptual worid
of the teacher and her scientific educational community-students become
cognitively socialized through language.

Iin a report of the same group of studies, Edwards (1987) showed that
students do not learn all they need to know merely from their own activity and
experience, even when they perform practical experiments and make empirical
observations. Students need a verbal interpretation put on their experience to
define and communicate the experience, and derive principles from it.
Edwards insisted that it is the teacher who needs to provide the words to help
students define and make sense of their science experiences-as a kind of
guide, providing a liaison between the student and the “collective wisdom of
the educated world." (p. 47)

Since both Edwards and Mercer, and Roth, Anderson, and Smith (1986)
found that the teachers’ verbal definitions shape the pattern and content of the
lessons more than students’ experiences and communications, | expected to
find similar resuilts in this study. It was important for me to carefully record the
teacher’s verbal shaping of the definitions and understandings, as well as the
students’ experiences and communications. The classroom dialogue with
teachers, peers, and texts, in which students participated to learn new science
concepts, was important for understanding their knowiedge growth for this
research. It was then necessary that | pay close attention to the events that
occurred in the classroom setting during lessons. There are important
connections that can be observed between what students hear, read, and say,
and what sense they make of new science information.
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Students’ prior knowledge. Students’ prior knowledge in a domain can
effect their ability to remember information, and interfere with their ability to

make inferences about the conceptual connections between concepts
presented in the instruction. Pearson, Hanson and Gordon (1979) examined
the prior knowledge of second graders before they read a basal reader on a
topic, then compared students’ comprehension scores with their prior
knowledge. They found that students with more prior knowledge about the
subject could remember more about what they read. Students with less prior
knowledge, remembered less. Pearson, Hanson and Gordon concluded that
students with stronger schema for the topic will comprehend text better than
will students with less prior knowledge schema. The same factors may have
effected students’ attempts to comprehend classroom information and
presentations.

In this present study, it was important for me to observe students’ prior
knowiedge schema about each new topic, and analyze the possible influences
such schema, or lack thereof, might have on students’ understandings.

. Roth (1985) observed nineteen
middie school students as they read text about photosynthesis, and translated
their understanding about the readings into their own words in writing, and by
answering researcher-posed clinical interview questions. Students were
selected by stratified random sampling into three treatment groups, each
reading a different kind of text. Each group contained students who read
above, below and at grade level. Each student took a pretest and the same
posttest after the reading treatment. Books were matched in content
coverage, reading level and length of text. One of the texts was designed by
Roth to elicit conceptual change learning by helping students become aware of
their alternative conceptions, and begin to use new scientific information to




62

apply, predict, and explain real-world events. The other two texts were
standard commercial school texts published for use in classroom learning.

Roth found that the experimental text, designed to enhance conceptual
change learning, was more successful than the commercial texts. Students
learned more of the scientific goal conceptions of photosynthesis using the
experimental text than those who used the commercial texts. The importance
of Roth’s work for my study was her findings about how students approached
their learning tasks, and the role those learning goals played in their reading
comprehension. She found that the reading strategy a student used was the
main determining factor in how well a student understood and explained the
scientific goal conceptions at the posttest. Students using a conceptual
change sense-making strategy (Strategy 5, below) were successful on the
posttest no matter which text they read. Students using other reading
strategies were more successful with Roth’s experimental text, but
considerably less successful with the commercial texts. Roth found that when
the curriculum materials supported students’ attempts to use conceptual
change strategies, students were influenced to use these strategies, and learn
more successfully. | outline the strategies Roth found students using to read
and comprehend text, and that were again clarified by Anderson and Roth
(1988) in Table 2.2. It seemed likely that the middie school students | would
observe in my study might demonstrate similar learning goals and strategies
that would influence their understandings, and play a role in what they learned
as a result of classroom events.

Summary

From researchers’ reports of classroom learning, in and out of science
classrooms, there are several events that might strongly influence students to
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TABLE 2.2

STRATEGIES USED BY STUDENTS TO PROCESS AND COMPREHEND

Strategy 1 - Overreliance on
Prior Knowledge

Stratz Overreliance on
Words in Text |

Strategy 3 - Overreliance on
Unrelated Facts; Separation
of Disciplinary Knowled

and Real-world Knowledge

Using this strategy, students
tended to interpret text in terms of
their real-world prior knowiedge,
and used that knowled as a
source of information, rather than
the text. Students’ Iearmng goals
were to finish the task.

Using this strategy, students
tended to focus on details in the
text without making sense of their
meaning. Words were isolated
without any relationship to each
other or the student’s prior real-
world knowledge. Learning goals
were to finish the task. hey
produced acceptable answers to
questions about the text, but
totally relied on real-world
knowledge to answer real-world
problems.

Usin? this strategy, students were
usually better readers, and had
higher goals for their Iearnmg than
just fimshm? a task. They tended
to learn a list of facts and add
them to memory  without
integrating them with their prior
real-world  knowledge. hey
remembered facts from the
lessons, but did not use them
when attemptmg to explain real-
world events. They remembered
trivial concepts as well as they
remembered main ideas. They
drew on textbook schema to
answer textbook questions, and
real-world schema to answer
questions about real phenomena.
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TABLE 2.2 (continued)

Strategy 4 - Overreliance on Using this strategy, students were
Prior Knowledge to Make usually reading at or above grade
Sense of Disciplinary level but expected the text to
Knowiledge confirm their prior knowled
rather than challenge and modify
it. These students remembered
new information and integrated it
into their existing schema, but
distorted or ignored some of the
information to makae it fit their real-
worid prior knowledge. These
students often retained concepts
from their prior real-world
knowledge along with new, and
even contradictory  scientific
knowiledge.

Students using this strategy were
able to abandon real-world or
alternative  conceptions and
replace them with more scientific
thinking. They used their new
knowledge to change their
schema, and integrate the new
knowledge with their real-world
prior knowledge. They recognized
the conflicts between new and old
theories, and attempted to use
their new knowledge by applying it
to real situations, and explaining,

edicting. They were actively
nvolved in trying to make sense of
the text.

Strategy 5 -opl
Chan StrategﬁJsing Text

Knowledge to

nge Real-
World Ideas

change their conceptions. When students disagreed with one another, or with
the teacher, and were able to debate their thinking, and when they engaged in
Socratic kinds of questioning dialogue with the teacher, students were
persuaded to reconsider their alternative conceptions. Being faced with the
proposition that their conceptions might not agree with scientific thought, and
being unable to “fit" new conceptions into their present schema influenced
students to modify their conceptions, as well. Teachers might help students
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see connections between previously unrelated structures, and help them reach
a surprising confiuence, influencing restructuring. And opportunities for
students to refiect on their thinking by responding in writing to explanation
questions, or going back to look at old ideas and compare them with new
ideas, might have influenced knowledge restructuring. Writing offers such
reflective opportunities for students, and offers them a way to dialogue with
themselves about their understandings.

When teachers used metaphor or analogy to explain events and
concepts, students could draw from their prior knowiedge and more easily fit
new knowledge into their existing structures, or at least, receive guidance for
building new structures based on what they already understand. Opportunities
to dialogue with other students about their ideas, helped students make more
connections from what they already know to new information. The exploratory
talk that students experienced in small group dialogue might have influenced
them to restructure their thinking.

And there is overwheiming evidence that what the teacher said in the
classroom, and how she said it, influenced what students used in constructing
their new schema about phenomena. Some have found that what the teacher
said is more important than students own activities and experiences alone.
Teachers’ interpretations were necessary to help students make sense of their
science experiences. The text and curriculum materials were also important for
helping students to see the connections between their real life experiences and
scientific thinking.

From the student side of classroom dynamic interactions, students’ prior
knowledge influenced how much sense they made from the instruction, and
their learning goals and strategies influenced how they used and manipulated
the instruction.



66

As | mentioned before, this list is not exhaustive, but represents the
events that were reported most often in the science learning literature. In this
study, | observed all the above classroom events, and attempted to find others
that | do not mention here, in the event that there are other factors that | did
not find in my review of the literature that influence classroom learning. The
next question that | undertake to answer with my literature review is how |
could detect classroom instances of cognitive conflict, or influential teacher

talk or the like, within the classroom events.

Much of the work done to date in knowledge restructuring and
conceptual change has taken the form of description, and few researchers
have interpreted the mechanisms, or agents of change, through which the
restructuring occurs. But some researchers have offered their informed
opinions about what might operate in the classroom context to influence
students to change their conceptions. Johnson and Johnson (1979) proposed
that students are influenced to change their knowledge structures through
argument or controversy (see also Confrey, 1981; von Glasersfeid, 1984; and
Lawler, 1981). Johnson and Johnson stated

disagreement among students’ ideas, conclusions, theories,

and opinions is an important source of learning in all

instructional situations. When occurring within facilitative

conditions, there is evidence that such conflicts will create
conceptual conflict, feelings of uncertainty, and epistemic
curiosity, increase students’ accuracy of cognitive
perspective-taking; promote students’ transitions from one
stage of cognitive and moral reasoning to another; increase

the quality of students’ 6£:roblem-avolving; and, increase

students’ creativeness (p. 62).

Rumelhart and Norman (1981), and Vosniadou and Brewer (1987),

anticipated that the most likely mechanisms that provoke radical restructuring



67

in their view were Socratic dialogues (questioning), and analogies, metaphors,
and physical models. Socratic dialogues and questioning helped individuals
recognize inconsistencies in their present schema; and analogies, metaphors,
and physical models helped individuals relate prior knowledge from another
domain to the new knowledge.

If classroom instruction supported conceptual change and knowiedge
restructuring, | expected to detect the presence of controversy, Socratic
dialogue and questionirig, and use of metaphor or analogy and surprise, or
periods of reflection, based on my literature review of the dialogic influences
on conceptual change. If such events are influential in students’ knowledge
restructuring, they may express some of their ideas about these events in their
writing. Evidence for the presence of such events provided the confrontations
to student thinking that were associated with the conditions Posner and his
colleagues (1982) proposed were necessary to influence knowledge
restructuring:

-Students must be dissatisfied with their existing conceptions.

-Any new conception of knowiedge must be understandable.

-A new conception must appear plausible.

-‘A new conception must be useful.

For the present study, | attempted to document student dissatisfactions
with their existing conceptions when | found expressions of dissatisfactions
and considerations, uncertainties, and grappling with conflicting ideas in their
writing-—questioning of their ideas, inconsistencies in their explanations,
unfinished sentences, cross-outs and inserts (Ammon & Ammon, 1987). Such
writing often precedes some resolution and knowledge restructuring. To help
me interpret these writing idiosyncrasies as expressions of dissatistaction, |
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periodically interviewed target students about what they were thinking during
their writing, and why they thought they wrote in the ways they did.

Another event that could offer evidence for the mechanisms associated
with knowledge restructuring is the teacher’s talk itself. According to Roth,
Anderson, and Smith (1986), teachers who were successful at getting students
to change their real-world or alternative and commonsense conceptions about
science use systematically different verbal behaviors in their classrooms.

(1) They asked questions that elicited students’ aiternative

S

(2) These teachers focused their talk on the critical “whys" of

science concepts at a meaningful level--making each piece
of information important, and fitting it together with other
important pieces.

(3) They responded to student statements with “why"
questions when they are incorrect or incomplete.

(4) They balanced open-ended verbal interactions with
directed, structured discussions leading to closure and
oo':\sansus about why certain answers were better than
others.

(5) They provided practice for students to apply their new
conceptions to a variety of real-world situations.

Roth, Anderson, and Smith (1986) pointed out that the text and
curriculum materials need to emphasize critical points in the lesson as well.
The teacher in the present study performed teaching acts similar to those Roth
and her colleagues identified as being successful in getting students to change
their conceptions. If such acts are associated with instances of student
knowiledge restructuring, | can provide more evidence to strengthen the
importance of certain influential teacher behaviors, and the structure of the
text and curriculum materials for science lessons.

Minstrell (1984) supported Roth, Anderson, and Smith's (1986)
contentions that teacher talk, text, and curriculum materials need to emphasize
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the critical points in lessons. Minstrell found in his high school physics
classrooms that students’ alternative conceptions often continued to exist even
after instruction. He noticed that students could give correct responses to
questions, but failed to transfer the ideas to applications in new contexts. He
assumed that when students conceptual structures did not change to
accommodate new ideas, the student soon forgot meaningless ideas that were
learned by rote. Minstrell experimented with different forms of instruction to
help his students articulate their initial real-worid ideas about physics, then
pressed students to resolve the differences between their real-world
explanations and more scientific explanations from experiments and text.
Minstrell proposed that making students aware of their initial conceptions, then
juxtaposing different experiences related to those ideas, while encouraging
students to resolve discrepancies between their initial conceptions and their
explanations in different contexts, helped students change their conceptual
structure about phenomena. He reasoned that firsthand experiences that are
related to students’ initial conceptions are necessary for students to recognize
their own faulity thinking and begin to revise it.

Minstrell emphasized Piaget's (1858) theory that reasoning from the
concrete to the abstract is easier than from the abstract to the concrete. Thus,
Minstrell designed his instruction to present concrete firsthand experience
before he presented more abstract situations. He found that students aiso
needed opportunities to think and talk through examples that require
explanations using scientific knowledge to help them attach their
understandings to other concepts and contexts. Minstrell drew inferences
from his series of physics instruction investigations with six instructional
principles for teaching for conceptual change:
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(1) Engage the students’ initial conceptions. Help students
verbalize and be aware of their initial real-world knowiedge about
the subject. Teachers need to also be aware of these ideas.

(2) Provide several laboratory activities, demonstrations, and
other experiences directly related to students’ initial
conceptions. These experiences should be firsthand and
concrete, and consistent with earlier ideas to confirm them,
inconsistency may help them rethink their ideas.

(3) Provide opportunities for discussions that encourage
students to resoive discrepancies between their initial real-
world conceptions and their observations. Most students
need guidance and support to resolve such discrepancies.

(4) Sequence the instruction to begin with accessible, concrete
ideas and experiences, and gradually build toward ideas that
require more abstract thinking.

(5) Provide students with repeated opportunities to reuse their
new idea arguments, review them, and apply them in new
contexts. This provides students with a network of integrated,
logically consistent ideas. ,

(6) Students begin instruction with different initial conceptions,
and reasoning abilities. The instruction should attempt to
match these limits.

The curriculum materials used in the matter and molecules unit for this
present study were designed to encourage students’ conceptual change
thinking by providing opportunities for students to write and talk about their
initial conceptions, then compare their conceptions with scientific knowiedge,
make observations from concretes experiences, and discuss their new thinking
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with the teacher in large group discussion, and with other students in small
group problem-solving activities. The curriculum materials used in this study
might have contributed to students’ knowledge restructuring. It was important
for me to observe how students responded to and interacted with the
curriculum materials to understand the influence these materials might have on
students’ understanding.

Summary

Based on the science learning literature, when conditions were right for
knowledge restructuring to occur, several elements of instruction were aiso
present. Students felt dissatisfied with their present conceptions, and saw new
conceptions as more plausible and useful; the teacher confronted students
with their alternative conceptions, asking "why" questions, and challenging
students’ conceptions; and the teacher and curriculum materials provided
opportunities for students to confront their alternative conceptions by
explaining their experiences and using new ideas in varied contexts. If these
classroom conditions are necessary to induce knowledge restructuring, the
teacher’s use of controversy, questioning, metaphor and analogy in her
classroom discourse and instruction in my study might be related to student
knowledge restructuring. And students’ writings might show their
dissatisfactions with existing conceptions, and how they consider new
conceptions. As the teachers enlisted a conceptual change teaching strategy
to expose students’ alternative conceptions, and made students aware of
theirs and others’ alternative conceptions through discussion and debate, they
might have created cognitive conflict and guided students’ cognitive
accommodation. Since Cobb and Steffe (1983) found that students might
reorganize their thinking during periods of apparent inactivity and refiection,
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the writing that students do in science might provide opportunities for
reflection, influence re-thinking, and provide evidence that restructuring has
occurred. The evidence for cognitive conflict and reflection of some sort, if |
can associate it with students’ demonstrated knowledge restructuring in their
writing, might provide further interpretation of the mechanisms that influence
students to restructure their knowledge toward more scientific conceptions.

In the present study, | cross-referenced instances of knowiedge
restructuring that | found in students’ writing with the classroom events that |
suspected might be associated with knowledge restructuring. To my
knowledge, few researchers had reported their attempts to make such
connections. The waters for my voyage were essentially uncharted: | found
few previous studies connecting classroom events and instances of knowiedge
restructuring to guide my investigation. Minstrell’s (1984) and Anderson and
Roth’s (1988) work demonstrated connections between classroom instruction
and conceptual change learning. Roth'’s (1985) work especially provided some
insight into how students make use of text information to learn science
concepts, and that information might extend to classroom learning events as
well. One study described a student’s thinking changes as a result of written
dialogue with the teacher (Staton, 1988). In her study, Staton analyzed her
data by charting the student’s written comments over time, and overlaying
those comments to coincide with the teacher’s written comments. In this way,
she was able to see a connection between what the teacher wrote, and what
the student eventually wrote about his understanding of events in math. | was
able to apply some of Staton’s methods to organize what students said over
time about the same concepts. Figure 2.7 is a chart used by Staton and her
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colleagues (1988) to track a student’s and teacher’s thematic movements in
one topic over time and journal interactions. The chart allows the researcher
to indicate repeated statements that the student made about the same

Thematic Movements and Topics Intesactions
1S 1015 20 25 08 35 @ € 50 S5 &0 65 2 75 00 65 9 9
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Gordon: "1 should mowe up soon” 7 3
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Figzt.gg)ZJ Thematic Movements and Topics in Math (from Staton, et al., 1988,
p.

information, and growth of the topic into new elaborations. Figure 2.8 is one of
the charts | used to follow statements and conceptions the student returned to
time after time in his writing. By following a student’s repeated statements and
elaborations on a concept over time, | detected changes in thinking indicated
in the elaborations. In the chart in Figure 2.8 the student repeatedly mentioned
the motion of molecules, and showed a change in his thinking about motions
of molecules over time. He may also have shown elaboration and weak
restructuring in his addition of more information, more details, or even further
classifying the concept (see definitions, page 21).

| used Chi, Glaser, and Rees’ (1982) methods for constructing semantic
node-link networks to assess cognitive structure before, during, and after
instruction. When | found evidence of students’ elaborations based on a
constructed semantic node-link network, | further studied the student’s
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Student: Jose CONCEPTIONS ABOUT MOLECULES
Pretest Chinical Intesview Molecules Freewrite
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but are in the pwe substances and dot. and molecules are
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same size a8 because that's a bquid. they the formuls fos
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move in windy molecules in ais move and you draw i ke
and still ais; do not around fast because this (dvaws water molecule)
move in rock; don't it’s closed: these's no 2 stoms of hydrogen
stop moving in ais ait from outside
becauss we need air has moleculss
molecules to breathe these is ais between
and so do fish in molecules
their water or else same si speck of
if they didn' fish Mm“
would be dead so we if there are molecules in
need molecules something there has to

be ais because molecules

Figure 2.8 Student Jose’s conceptions about molecules across time in the
Matter and Molecules unit.

thinking changes to detect instances of restructuring. | then overiaid the data
about student thinking changes shown in the student’s writing with classroom
episodes that might have provided opportunities for him to experience
cognitive conflict and reflection, or other instructional events. | was able to
observe student responses to new ideas during videotaped classroom
sessions, and primarily during small group interactions with peers. These rich
sources of data provided several views of possible student thinking processes.

| used Staton’s methods of journal writing analysis to observe evidence
for the conceptions that students identified, and Carey’s (1985a; see page 42,
this document) assertions about the evidence for restructuring to analyze the
presence of knowiedge restructuring. Then Staton’s methods helped me think
about how | might overlay students’ conceptions to coincide with events in the
classroom in chart form. Roth, Anderson and Smith’'s (1986), Roth’s (1985),
Anderson and Roth’s (1988), and Minstrell’s (1984) work heiped guide the
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analysis of student learning strategies, classroom events, teacher talk, and
curriculum materials that might influence conceptual change.

sSummary
The literature indicated that knowledge restructuring is a useful

metaphor for thinking about how knowiedge changes. Knowledge becomes
restructured globally and within a domain, as a result of instruction. Both weak
and radical forms of restructuring are found as a resuit of learning in science.
Radical restructuring takes the form of changes in core concepts, principles,
and theories driving the structure’s organization. More radical restructuring is
the same as conceptual change.

Conceptual change learning is often difficult for students, because it
requires that they adopt new ways of looking at the world. As students attempt
to learn new concepts in science, they may or may not restructure their
knowledge to accommodate new information. Because this kind of conceptual
change is often difficult for learners, the processes of such changes need
further study for teachers and researchers to better understand how
knowledge acquisition processes proceed, and how we might improve
students’ opportunities for changes to occur.

The literature revealed that students’ writing showed their attempts at
knowledge restructuring, and can be used to observe students’ thinking
changes over time. Some researchers report success using writing to follow
students’ elaborations on topics, and the use of semantic node-link networks
to graphically picture students’ possible schema about concepts. By
combining these techniques, | was able to follow the changes in students
possible schema across lessons in matter and molecules in this study, and
chart their occurrences in conjunction with classroom events.
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The literature provided clues about what classroom events might
influence students to restructure their knowledge. On the teacher and text
side of the equation lie cognitive conflict, questioning, argument and
controversy, use of metaphor and analogy, opportunities for reflection through
writing and dialogue with other students, and teacher’s interpretation of
events, teacher guidance, and curriculum materials support. On the student
side of the equation lie students’ prior knowledge, and their learning goals and
strategies to influence how they respond to classroom events. The
observation of classroom events was based on these possible occurrences to
see if any of these variables might relate to students changes in knowledge.

The present study builds on the knowledge we have about how writing
displays thinking, and the interactions between knowledge of writing and
knowiedge about content. This study provides more information about the
usefulness of constructing semantic node-link networks for understanding the
conceptual structure of student knowledge. Most important, the present study
builds on the knowiedge that researchers and educators possess about
knowledge restructuring by providing further accounts and descriptions of
knowledge acquisition processes in the domain of sixth grade learning about
the nature of matter. It describes the changes that occur as student
knowledge develops, and illuminates some of the mechanisms that might be
associated with these developmental changes.

maall



Chapter 3
METHODS

Overview

The purpose of initiating this study was to observe if students’ writing in
the classroom reveals students’ understanding and misunderstanding of
science concepts. Another purpose for the study was to look for classroom
events that might be associated with knowledge restructuring. Middie school
students in a science class were observed as they participated in the second
year of a larger study investigating problem solving through collaboration,
headed by Charles Anderson and Annemarie Palinscar. Anderson and
Palincsar were investigating accounts of learning and problem solving by
middle school students. They were in the process of developing instructional
strategies and materials to improve students’ conceptual understandings and
abilities to regulate their own learning. Anderson and Palincsar, and selected
teachers, taught a revised unit on Matter and Molecules (Berkheimer,
Anderson, and Blakeslee, 1990) that integrated content and collaborative
problem solving activities. During the instruction, students wrote about their
thinking. | observed this writing to answer my research questions. To help
answer the first question about whether students’ writing shows their
knowledge restructuring and to what extent, and the second question about
the possible mechanisms in classroom events that might be associated with
knowledge restructuring, | collected the following data:
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(1)  Student writing about content before, during, and after the lesson
unit on Matter and Molecules.

(2) Clinical interviews with six target students about the content
before and after the unit of instruction, and about their
perceptions of writing before, during and after instruction.

(3) Videotapes of classroom lessons of both whole group, and two
small target groups, and written summaries of classroom

observations recorded during the lessons.

(4) Interview with the teacher to understand her purposes, goals, and
how she perceived the lesson should be taught.
(5) All text materials used by the students.

writing about content. To answer the first question about whether students
showed in their writing they were restructuring their knowledge, and how
much, | needed to assure that what students wrote was close to what they
were thinking. | began by observing the ideas students wrote in their lessons.
| collected all of the writing students accomplished to complete their Matter
and Molecules activity booklets and lesson unit requirements, and samples of
student writing about content before and after instruction on a pretest and
posttest. Proposed schema were constructed for the concepts students
identified, using semantic node-link networks based on the concepts students’
identified when they wrote their ideas about content. For six target students, |
compared what they wrote to what they said verbally during clinical interviews
about the same information, to see if what students wrote about content was
close to what they said verbally about content. Semantic node-link networks
of students’ verbal propositions from their clinical interviews were compared
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with the semantic node-link networks constructed from student writing about
the same content. A match, for instance, between the core concepts within
the networks from one student’'s paper-and-pencil pretest and the core
concepts within the networks from the same student’s pre-clinical interview,
would indicate that what students wrote was close to what they were thinking.

| was also concerned about how easy it was for students to put their
ideas in writing, because both the difficuity of the content, and difficuity of the
writing task, can interfere with students’ abilities to write their ideas (Ammon &
Ammon, 1987). Each of the six target students was interviewed before, during,
and after instructional units about their writing tasks—-How much prior
experience did they have writing their ideas? How easy or difficult did they
perceive the tasks to be? What strategies did they use to accomplish the
writing tasks? If a student felt he had some experience with writing his ideas,
that writing tasks were easy, and that he could put his ideas on paper without
much trouble, the writing task might not have interfered with the student’s
ability to write his ideas. What a student wrote about content was more likely
to be close to what he was thinking about the content.

Once | had a picture of the students’ propositional networks about their
thinking, and their writing seemed to be a close match to their verbal displays,
and the writing task did not seem to interfere with their ability to write their
ideas, students’ writing was used to study the changes in students’ thinking as
they attempted to learn content. Students’ propositional schema in the
semantic node-link networks were analyzed across time to understand the
thinking processes these sixth grade students passed through as they learned
about the nature of matter, molecules, and physical change. | observed
phenomena such as changes in core concepts and schema from pretest to
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posttest, persisting alternative conceptions, how much restructuring students’
accomplished, and how close each came to scientific understanding of matter
and molecules at both the macroscopic and microscopic level. Once | had a
picture of students’ patterns of thinking across the unit, their thinking was
analyzed for weak or radical restructuring during each lesson cluster, and their
attainment of the learning goals was assessed based on their statements
throughout each lesson cluster.

classroom events. The second research question asked whether there were
any classroom events that might be associated with students’ knowiedge
restructuring. | assessed differences in the effects of classroom events by
comparing two lessons, a lesson in which most students attained the scientific
goal conceptions, and restructured their thinking to use a conceptual change
strategy for learning, and a lesson where students seemed to have more
difficulty changing their ideas, attaining the scientific goal conceptions, and
using effective learning strategies. | assumed that by comparing these two
experiences for learners, | might get some indication of the mechanisms that
were associated with the different kinds of thinking | observed. Videotapes of
classroom learning sessions were collected during the unit, in both whole
class, and small group interactions for target students, across the learning unit.
These served as a record of classroom interactions about content. To assist
the organization and interpretation of the classroom material, and
interpretation of it, summary observation forms were completed about
teacher’s and students’ activities observed during each class day. These
observation notes helped flag student conversations, teacher dialogue, and
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text activities that might provide rich data for understanding students’ thinking
about the new content.

In the following sections of this chapter, | discuss each aspect of the
data listed above, and report the methods used to analyze the data. In the first
section, Subjects and Data Collection, | describe the subject population, how
they were selected, describe and provide rationale for studying this particular
subject matter, describe the classroom context, and the design of the study. In
the second section of this chapter, Data Analysis, | describe the procedures for
analyzing students’ writing samples, interviews, and the classroom events. |

also discuss the limitations of my analysis procedures.

Subjects and Data Collection

Subiect Sampl | Selection P I

This classroom of sixth grade students studying matter and molecules
was selected because the students would be writing in response to their
learning. | was originally interested in finding an upper-elementary classroom
where students were writing more expressively in journals or learning logs, but
was unable to locate such a classroom. When | found this classroom, and
studied the curriculum materials, it seemed that students would be writing their
ideas enough for me to use their writing to understand thinking changes. This
particular classroom was participating in a study for conceptual change, and
so | found it an opportunity not only to observe students’ writing for changes in
their thinking, but an opportunity also to observe the effects of conceptual
change instruction on students’ knowledge restructuring. This classroom
sample was part of a three year investigation of collaborative problem solving
in science under the direction of Charies Anderson and Annemarie Palincsar.



82

My observation data were collected during the second year of their three year
study. During the first year of their study, Study One, Year 1, Anderson and
Palinscar identified a total of eight middle-school science classes, instructed
by two classroom science teachers and the two principal investigators,
Anderson and Palincsar. All classes were composed of heterogeneous groups
of students attending middle schools in an urban setting. At the end of Study
One, Year 1, Anderson and Palincsar evaluated the success with which desired
outcomes were achieved across the various conditions, and revised the
instructional procedures to be implemented in Study One, Year 2. My study
took place in conjunction with Anderson and Palincsar’s Study One, Year 2, in
which they implemented an instructional program based on the resuits they
obtained in Year 1. Essentially, they impilemented a revised Matter and
Molecules Unit with instruction and practice using social norms and self-
regulatory activities within small group problem solving, with scientific forms of
argument. The instruction was designed to elicit students’ alternative
conceptions about matter and molecules and provide opportunities for
dialogue, writing, planning, and explaining new ideas during and after activities
and instruction. It was my belief that the students participating in this study
could serve as subjects for my study as well. They were writing in response to
learning. They were participating in part of a three year study to determine the
effectiveness of conceptual change instruction and group problem-solving for
seif-regulated learning, so the teacher would be presenting students with
information structured in a conceptual change format, and allowing students to
collaborate in groups about their thinking. This environment would supply rich
classroom data—student writing, a teacher attempting to encourage
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conceptual change, and opportunities for students to talk about and try out
new ideas in groups.

The student sample for this study came from one of Anderson and
Palincsar’s selected classrooms. The study began with 29 students, but two
students moved out of the school district during the unit, so | was able to
follow 27 students from the beginning to the end of the unit. The students
came from primarily middie and low SES homes, and were heterogeneous in
culture and ethnicity. Twelve students were white, six were African-American,
and six were Hispanic. There was one Iranian, one Lacotian, and one Native
American Indian student. Some of the students in this study spoke languages
other than English at home, and before they entered school. However, all of
the students were fiuent in English at the time of this study.

Selection of the six target students. The six target students came from
within a group of eight students that Anderson and Palinscar had previously
identified as part of two small target groups within the classrooms of their
study. Anderson and Palincsar, and the teacher, had already selected these
students to be videotaped during small group discussions, and interviewed
before and after instruction about content understanding. Participation in
each group of four students was designed so that there was at least one high
ability student, one low ability student, and two students who fell somewhere in
between in ability. Students’ abilities were based on the teacher's review of
their test scores and grades from previous years’ work in school. The groups
were also selected for racial and ethnic heterogeneity. One group contained a
Hispanic male, an iranian-American male, and two white Anglo-Saxon children,
one male and one female. The other group contained two African-American
males, one Lactian-American female, and one white Anglo-saxon male student.
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Of these eight students, | chose six who seemed diverse in ethnicity, because |
thought these students’ differences in learning might be interesting for this
study: The six target students consisted of two females, (one Laotian-
American, and one white Anglo-Saxon), and four males, (one Iranian-American,
two African-American, and one Hispanic). | did not know ahead of time what
the abilities of the students were, nor their ethnic backgrounds, specifically. |
discovered this information as part of my inquiry.

The teacher in this study was one of the teachers involved in the
Anderson and Palincsar three year study. She was appropriate for observing in
my study because of her experience and confidence in teaching. She could
carry on teaching and responding to students while being recorded and
observed. The teacher and students were observed in varied styles of
interaction---large group discussions, small group interaction, and science
activities—for the effect of these various styles of classroom interaction, rather
than the opportunity to observe any particular style of teaching. This middie
school science classroom environment would supply rich data--student writing,
a teacher attempting to encourage conceptual change, and opportunities for
students to talk about and try out their ideas in groups. The subject
population, then, had already been chosen: Anderson and Palincsar had
previously selected the sixth grade classrooms from middle school, attained
volunteer teachers, trained them, and begun an important study of student
learning processes.

Subject Matter
The subject matter for this study was the nature of matter and physical

change, named as a Matter and Molecules Unit, designed by Berkheimer,
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Anderson, and Blakeslee (1990) and revised by Anderson and Palincsar (1990).
This is an appropriate subject for the study because researchers have
described the kinds of alternative conceptions students possess prior to
learning, the difficulty for students to make the necessary conceptual changes,
and the scientific goal conceptions for students’ learning following instruction
in this domain (see pp. 18 and 19 this document, for a list of alternative real-
world and goal conceptions for the Matter and Molecules Unit). The nature of
matter and physical change, and molecular behavior, are difficult subjects for
students to master at any age because of the abstract nature of the concepts.
Molecules cannot be seen, even under powerful microscopes, so students
have to take their existence on faith, and build knowledge structures to
understand molecule existence and molecular behavior, without having direct
experience with molecules. Also, understanding matter, molecules, and
molecular behavior forms the basis for understanding other science content
that students will encounter later in biology, chemistry, and physics. If we can
effectively teach molecular concepts to sixth grade students, and provide them
with schema for understanding substance and molecular behavior in changes
of state, dissolving, and other physical changes, we provide them with
appropriate prior knowledge schema for understanding more difficult science
concepts later in their education. Other researchers have observed sixth
grade students as they attempted to learn the matter and molecules concepts,
and found that it is difficult subject matter for sixth grade students to master,
but student learning improves when the curriculum and teaching approach
directly confront students’ real-world knowledge and aiternative conceptions
about how the world works (Lee, Eichinger, Anderson, Berkheimer, and
Blakeslee, 1990). In this study, further careful observation of sixth grade

)
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students’ attempts to learn about matter and molecules will provide more
information about instruction that enhances learning of matter and molecules
concepts, and the classroom events that might be associated with students’
knowledge restructuring in this domain. The subject matter and curriculum
materials are described in greater detail in the section titled Lessons and
Curriculum Materials that follows.

Classroom Context

The school. This sixth grade classroom was a middie school classroom
located within a mid-western city with a population just over 130,000. The
school was located in an older neighborhood within the urban setting, mostly
single-family dwellings, near one of the city’s large hospitals, and a shopping
district. Many of the children walked to school, and some took the bus in from
neighborhoods farther away from the school. The classroom was located on
the second floor of a three-story brick middle school built circa 1920. The
classrooms had been modernized, halls and stairways were marble-fioored,
and the halls were lined with lockers. The classroom had a varnished hard
wood floor, desks lined in rows facing the teacher’s lab bench and, at the front
right of the room, the teacher’s desk, which faced the students’ desks.
Laboratory tops and sinks lined the back and right sides of the room--the room
was designed as a science classroom. There was a blackboard and overhead
projector and screen at the front of the room. The teacher had posted student
work on the board from their previous work with “Consumers and Producers®,
and displayed around the room extra credit art work students had completed
earlier in the fall.
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The school was well-disciplined, and students were expected to
complete all work satisfactorily before they could move to the next grade. The
principal of the school was interested in student performance, and visited the
classroom several times while | was there to question students about
incomplete work, and encourage students to work hard. The school offered
rewards to students who completed all work on time, such as a pizza party at
the end of the second marking period.

In this school, students attended from 8:00 a.m. until 2:30 p.m., with six
fifty-minute periods, and a lunch break in the middie of the fourth period.
Students passed from class to class with different teachers and subjects each
period. The science class met first period, and followed a twenty-minute
homeroom time designed for signing assignment books, and completing
administrative tasks, such as announcements, money collection, keeping track
of late homework assignments, tardiness, and absence excuses. The teacher
expected students to be in their seats when the second bell rang at 8:10 a.m.,
quietly reviewing or completing work, or reading. One appointed student took
attendance, and another read to the class from the announcement bulletin.
There was usually a public address good morning and announcements from
the school principal or his assistant duririg homeroom time. The regular
science class period began at 8:20 to 8:25, depending on the amount of
administrative loose-ends the teacher had to complete for the day. Students
often talked quietly, sometimes loudly, sharpened pencils, and caught up on
each other’s gossip during this homeroom period. The teacher occasionally
had to ask the students to be quiet and find something productive to do until
they were ready to start science class.

:}n—_-—nﬁ.ﬂ
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The lessons and curriculum materials The Matter and Molecules Unit
was presented in six lesson clusters. The unit began with a lesson cluster
about pure substances and mixtures, then moved to a second lesson cluster,
understanding powers of ten and introduction to molecules, their size,
behavior, and relationship to matter and non-matter. The third lesson cluster
taught molecular behavior in the three states of matter, and introduced
students to weight and volume changes when substances change state. The
fourth lesson cluster introduced students to dissolving, and substance and
molecular behavior when dissolving sugar in water. It also dealt with complex
solutions, but due to time constraints, the teacher did not cover this section of
the lesson cluster. The fifth lesson cluster covered substance and molecular
behavior in thermal expansion of solids, liquids, and gases. This was the last
lesson cluster the teacher had time for, although she briefly discussed the
ideas that would have been presented in the last lesson cluster, substance and
molecular behavior in evaporation and condensation.

Each lesson cluster was similar in design. Most began with a story,
either a fairy tale, or a story that related to students’ interests and
backgrounds. The second lesson cluster that introduced students to powers
of ten began with a parody on the movie, "Honey, | Shrunk the Kids". The story
was titied, "Honey, | Shrunk and Shrunk and Shrunk the Kids", and told of the
kids being shrunk by 10 times each time they were zapped with the ray gun.
The teacher could tie the size of the kids at each zap with familiar objects
progressively smaller on the powers of ten chart until they were no longer
visible to the naked eye, and then until they were visible only with a
microscope, to the point where they were unable to be seen even with powerful
microscopes. This scenario opened the discussion of powers of ten, and what
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for instance, ten to the negative three (10‘3) meant in terms of relative size and
the size of molecules.

The teacher usually began the class with a lecture, or review, and
requests for answers to her questions from the students. She insisted that only
the work at hand be on top of students’ desks, and all other work be placed
under their seats. If the lesson began with reading from text, she often had
students volunteer to read a section of the text. If she thought students
needed more clarification on the text, she would explain, draw analogies, and
question students at random about their understanding. For example, before
the students began to read aloud the story at the beginning of the Dissolving
lesson cluster, the teacher made sure that the students would understand the
story, and had the following exchange with the students:

Mrs. Peters: . . . this packet starts like most of the packets

with a little story. . .Does anybody know
what an “anase” is?

Artie: A name?

Mrs. Peters: Yes, it's a name for something, not a Nazi,
but “anase” [a-nas-6e6].

Kenny: Spider?

Mrs. Peters: Yes, it’s a spider. OK, in here we have

Chinua. . . and. . we have the rain god. .

Norman, do you want to be the narrator?. .

.Come on up front, . . please. . .
The class continued with a reading of the story, and Kenny, Norman, Artie, and
irma taking the parts of the Chinua, narrator, rain god, and Anase. After the
story was completed, the teacher reviewed and made sure the students
understood.

Mrs. Peters: OK . . .these are some crystals that we're talking
about, and what happened to the ones in the
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story here? . . what happened in the story?. .
.what happened to the crystals. . . what did he
do?. . .what happened to the crystals?

Ground them up. . .
Ground them up and made them into. . .

powder.
and then his other job was what?

Put them back as crystals.

Put them back as crystals. . .So these are some
crystals that were made up, and this is what the
story deals with. . .I'll give you a couple of
crystals to pass back. . .Like this, these were the
crystals that were ground into powder. . . And
then the job was to get the powder to come back
into crystals. . . Quite a problem we have. . .

During her reviews and introductions, the teacher called on each
student at one time or another, so students knew they might be called on to
answer a question whether they raised their hand to answer or not. |If a
Student had trouble answering her questions, she often rephrased the
qQuesstion, and coached the student until he could answer. The next day after
students had read the story "Getting the Crystals Back" about the spider,
Anase, the teacher reviewed the story at the beginning of the hour to remind
students what the story was about. Here, she coached a student to help him
remember what the class had discussed the day before.

Mrs. Peters:

Artie:

OK, let’s look at the packet we’re dealing
with today then. . . we read about getti
the crystals back. . Who can summarize t
story. . .tell us in about 30 seconds what
the story was about. . . remember? What
was the story about. . . about the crystals. .
.1 had three or four people reading. . .
remember what happened. . .Artie?

That lady. . . that Chinua? He went to the
ralngol..andhehadtodothmtasks..
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Artie:
Mrs. Peters:
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.first he had to . . . second he had to crush
the crystals. . . first he had to pick up the
rock, then he had to crush the crystails, and
then his third task was to put them back
together again, but he couldn’t.

Why?. . .and when he crushed them what
happened to the crystals?

They turned into powder.

They turned into powder. . . and then who
tried to help him out. . .remember?

Sometimes the teacher would ask other students to finish answering a

question, and asked the entire group if they agreed with the students’ answer.

The teacher would then go on to clarify in lecture format, alternately having a
student read, or she would read, then question students to check their

understanding, as she did in this segment:

Mrs. Peters:

Norman:

Mrs. Peters:

Students:
Mrs. Peters:
Students:
Mrs. Peters:

OK. . "Heating a Metal Ball* . . Norman, you
may begin reading. . .

[reads] "What do you think will hapﬁen ita
metal ball is heated, but not enough to
make it melt? Let’s find out. Your teacher
has a special ball to heat. Notice that its
yvolume is exactly large enough so that it
barely tits through a metal ring.”

OK, let’s see what Norman read about. . .
here’s the metal ball [shows students metal
ball and ring agparatus ], here’s the ring,
andit. . . what

[simultaneously] Barely fits. . .just fits. . .
Barely. . .that means its just a little bit. . .
[simuit] dangerously close. . .smaller. . .
Smaller, right? . . .than the hole or this ring
is. So, it does fit through here. . . [to
Norman|] You have a question, go ahead,
Norman.

[reads] “What is its weight?”
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Mrs. Peters: OK, I’m going to weigh this for you. . .

Once the story in the lesson clusters had been introduced, the lessons
provided a conceptual change strategy of teaching where students were asked
to write down and discuss their real-world notions of phenomena, then discuss
and share their ideas in small groups. The plan for the curriculum design was
to make students aware of their prior conceptions about the subject. The
lessons then provided students with scientific knowledge about the
phenomena, and gave students practice with applying, explaining, and
predicting events using the new conceptions. For this, the lesson clusters
often provided opportunities for students to experiment with substances, talk
about their ideas in small groups, and write and discuss their new
understandings with the larger group, led by the teacher.

Students were usually first asked to think and write about questions and
exampies individually, and then in small groups of four or five students to come
to new consensus and understanding. Here students prepare to do a
dissolving activity by thinking first about the size of the holes in the teabag, the
size of sugar crystals, and how to get the crystals out of the bag.

Mrs. Peters: OK. . . let’s look at page 2. We’re going to

start this activity with the sugar and teabag
activity. . . Activity 1. In this activity, as we
have done with many of our activities, we
will tirst work individually, and then we’ll
work in our group. . . tomorrow we should
be able to do the individual and the group. .

. follow along please, second pa

ge. .
[reading from booklet] "We learned in the
last lesson cluster that pamcles come in

many different states”.
Students: sizes. . .
rs. Peters: ‘sizes. . . particles that we can see, such as

grains of salit or specks of dust each
contain billions or trillions of molecules,




Students:
Mrs. Peters:
Students:

Mrs. Peters:

Charles:

Mrs. Peters:

Students:

Mrs. Peters:

Students:

Mrs. Peters:
Students:
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which are the smallest particles of a
substance. Let’s see if you can use these
ideas to solve a problem®. . . remember our
powers of ten chart?. . . two grains of salt
was what?

Ten to the negative three.
Ten to the negative what?
Three.

Two grains of salt. . . [reads from packet]
“The problem is this: Your group will soon
get a closed teabag with sugar in it. Can
you figure out a way to get the sugar out of
the bag without tearln? or opening the
teabag? This problem is like the separating
mixtures and the sxceship problems that
you did earlier in that it is a practical
problem®. . . .(Charles is not payin
attention) [to Charles] Can | go on

[nods yes]

[reads] “You are trying to figure out how to
get a job done. Sometimes the best way to
solve a practical problem is to ’just do it’.
Sometimes, though, it is important to be
thoughtful about how you solve practical
problems. Remember that engineers, who
are people that solve practical problems all
the time have found that thoughttul
solutions to practical problems include a
Plan‘. .. first you need a plan. . .[reads]

and an explanation of why you think the
plan will work". . .and what’s an
te:planatlon? . . We’ve got to think about

e. .

[inaudible]

We have to think about the what?. . . we
have a plan, then our explanation will
include what?

molecules. . .and statements about
substance. . .a statement about molecules.

[simultaneously] substance, right?
and statements about molecules. . .
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94

and statements about the molecules. .

.right, that’s right. [reads] “In this activity

you will work in your groups to get the

sugar out of the teabag. Before actually

trying to get the sugar out of the teabag, you will
make plans and explain why you think your plans
will work. You will need these materials: Sugar, a
teabag, a magnifying glass, and a ruler.”. . .

After the group activities, the teacher debriefed students in the whole
class setting by clarifying and questioning to check understanding. The day

after the group worked on their plan to get the sugar crystals out of the teabag,

the discussion was as follows:

Mrs. Peters:

Agnes:

Mrs. Peters:

Carol:
Mrs. Peters:

With your teabag, and your grains of su?ar,
which ones are the largest. . . the holes in
the teabag, or the grains of sugar?. .
.Agnes?

The grains of sugar?

OK,. . . and when you drew the two in the
box up there you should have shown this. .
.now grains of sugar magnified a hundred
times, and the holes in the teabag
magnified a hundred times looks much
larger, but when you drew that on there it
should be . . . you should be able to tell that
your grains of sugar are indeed larger. . .
then you did the bottom by yourself, and
then you did it with a group. . . OK, on page
4 you had your plan, what you expected to
do, your facts, your observations, what you
knew, what will happen to the substance. . .
what substance are we dealing with?.

. . what’s the substance?

Sugar.

. . . and what will happen to the
molecules, then you have your group plan
and you did. . after discussing it, then you
did the activity on page 5. On page 5, you
also had filled in what happened when you
tried your plan, so in your group, if you
weren’t here, be sure you see someone in
your group to explain to you what
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happened when you tried your plan. Then
we took some water and touched the
teabag with the sugar into just the surface
of the water, to bring the bag over the rim
of the cup, and just enough water to reach
the bottom of the teabag. What happened
when you touched the teabag, very shortly
after the teabag with sugar in it touched
the surface of the water . . . what did you
8ee happen? . . . and that’s what our
picture is. . . what did you see happen,

Jose?

Jose: It was. . um. . getting out of there. . .

Mrs. Peters: What did you see?. . [waits] . what did you
see?

Jose: It started disappearing into the water. .

Mrs. Peters: What's “it*?

Jose: The sugar.

Mrs. Peters: z%: saw the sugar disappearing? . . What

you see? What you did, youhadacup

with water in it, and what did you see?
Here's a teabag with sugar, what did you
see? You had a teabag with sugar. . . [takes
cup of water and teabag with sugar in it,
?oes to Jose'’s desk and holds it tor him'to

k at] . . what did you see? Look, 00k, . .
what do you see? Under the teabag?
Watch. What do you see?

Jose: It’'s coming out.

Mrs. Peters: What is?

Jose: The sugar.

Mrs. Peters: How do you know that’s sugar?.. What
does it look like under the teabag? . .

Jose: It’s just coming into the water, and. .

Mrs. Peters: What does it look like? . . .How did you
draw it?

Jose: Little lines?
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Mrs. Peters: OK! That’s right. You saw little, kinda,
swirly lines. . .in fact, some people | heard
them say they thought it looked like oil. . .it
looked like when you put oil in water. .

.[shows cup with water and teabag of
sugar to other students] You can still see it
pretty . 1don’t know if you were
here, toine [shows to Antoine]. . . see
under the teabag? . . see something?

Antoine: [looks under cup] Yeah.

Mrs. Peters: That’s what you draw in that space, under .
. . that goes right in here. . .80 we shouid
have our drawing under there showing
these little bit of a wavy-type lines. Is there

anyone that didn’t see that happening. .
under the teabag? . . .Is there anyone that
didn’t see this?. . under the teabag?. .
OK, so all of you gook see that going on. .
[reads from let] “Taste the water in the
cup, and what did you taste?” For those of
‘,ou who did taste it, what did it taste?. .

hat did you taste?. . .Charles?

Charles: It tasted like. . sugar and water.

Mrs. Peters: OK. So you tasted, . . .it tasted sweet. . or
it tasted sugary, or the water tasted
sugary. . .80 you should have an answer
down there. OK, let’s look at page 6.

All of that should be done, up until that far.
. This is the part that you have to do
beforg_,gemng into your group. [reads] It
says: “Try to explain what happened to the
sugar in the teabag. Write your own
answers to the questions below, then
discuss them with your group, and write
the answers that your group agreeson. .
So, by yourself first, .

At the end of a lesson cluster, students would usually take a quiz where
they were asked to apply their new knowledge to problems, some familiar, and
SoOme new. The chart in Table 3.1 shows the conceptual framework for the
Matter and Molecules Unit.
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TABLE 3.1
Conceptual Framework for Revised Matter and Molecules
important Ideas about Matter and Molecules
1. All solids, liquids, and gases are substances or forms of matter.
2.  All matter is made of molecules; other “stuff” (such as heat and light) is not made of
molecules.
3. The molecules of pure substances are all alike; mixtures contain different kinds of
molecules.
q. All molecules are constantly moving:
-in solids they stay closely packed and vibrate in place.
-in liquids they stay close together, sliding and bumping past each other.
-in gases they are farther apart and move freely through space.
5. Heating a substance makes the molecuies move faster; cooling makes the molecules
move slower.
6. Air always contains water vapor (as well as nitrogen, oxygen, and carbon dioxide).
[ Types of Substances Changes in substances Molecular explanations
1. Dissolving: solids dissolve | 1. Dissolving: molecules of
Pure substances in liquids. the solid break away and
-water mix with molecules of liquid.
-sugar
-salit 2. Separating mixtures: one | 2. Separating mixtures:
-alcohol substance is separated from | different kinds of molecules
-oxygen another. are separated.
“nitrogen
-carbon dioxide 3. Thermal expansion: 3. Thermal expansion:
-clean sand substances expand when molecules of hot substances
-(add others as they come up)| heated. move faster, so they push
each other farther apart.
Mixtures
-air 4. Melting: solids change into| 4. Meiting: molecules of the
-salt and pepper liquids when they are heated. | solid break apart and start
-sugar and sand sliding past each other.
-shampoo
-salt water . Freezing: Liquids change | 5. Freezing: molecules of a
-sugar water into solids when they are liquid slow down and settle
-(add others as they come up)| cooled. into a pattern.
6. Bolling: liquidstuminto | 6. Bolling: groups of fast-
gases and bubble away when | moving molecules break
they are heated. apart, make gas bubbles.
7. Evaporation: Liquids 7. Evaporation: individual
slowly turn into gases and mix{ molecules escape from a
with the air. liquid.
8. Condensation: gases turn | 8. Condensation: gas
into liquids when they are molecules clump together in
cooled. drops when they move more
L slowly.




Design

This research was qualitative and interpretive in design. In interpretive
research investigators observe participants to assess the meaning of their
actions within the social context. Qualitative research has the following
theoretical assumptions: "Humans create meaningful interpretations of the
physical and behavioral objects that surround them in the environment, and
take action toward the objects that surround us in light of our interpretations of
meaningfulness” (p. 126), and individuals may have different interpretations of
the meaning of what appears to be the same or similar objects or behaviors.
The object of interpretive research is subjects’ physical behavior and their
meaning interpretations, and those of the others they are engaged with in
interaction. The main questions of qualitative research have to do with the
mental life of the subjects, and the sense they make from events. In this study,
the mental life studied and interpreted was students’ thinking about matter and
molecules, and the meaning they made from instruction to restructure their
knowledge about matter, physical change, and molecules. By pursuing
interpretive research, my task was to discover some "concrete universals from
studying a specific case in great detail to compare it with other cases studied
in equally great detail® (Erickson, 1986, p. 130). The researcher studied six
cases in detail—target students’ proposed schema as they learned about
matter and molecules, based on their writing. The researcher then compared
the six target students’ written and verbal statements. Then the six target
students’ cases were compared with schema changes of other students in the
class, based on students’ writing about content.
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The criterion for validity in interpretive research is the meaning of
actions defined from the actors’ point of view (Erickson, 1986). In this study, |
attempted to infer the meanings students made within the classroom context of
learning science in order to change their conceptions about science. The
literature review provided several means of arriving at some understanding of
the meaning students made as they learned science: Writing, verbal
statements, small group work, and clinical interviews provided for making
meaning of students’ understandings. My methods of analysis were similar to
other researchers’ analyses, and eventually became a combination of methods
using both qualitative interpretations, and quantitative coding and analysis.
Staton’s (1982) methods to track students’ writing about a topic over time, and
Chi, Glaser, and Rees’ (1982) methods to construct semantic node-link
networks from students’ written and verbal statements to observe their
proposed schema about content were useful for following students’ thinking.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>