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INTRODUCTION

Students often hold personal explanations for natural phenomena that are intuitive,
alternative to current scientific explanations, and extremely tenacious. Since learning is an
active process in which knowledge is constructed through the combination of new
information with existing ideas, science educators are often faced with the challenge of
motivating learners to alter their thinking when a scientificall); accepted explanation is
incompatible with their own notions. In traditional science teaching, scientific authority is
believed to be enough to create dissatisfaction with a learner’s personal conception. There
are cases, however, where the |earner may not accept the aiternative concept and relinquish
their existing belief. It is in these instances, teachers are prompted to go well beyond the
passive transmission of content or facts and teach for the process of conceptual change if
students are going to effectively leam science.

The desire to know more about practices associated with teaching for conceptual
change is indicated by the growing focus on this topic in the science education community.
Numerous studies are published in the science education literature and reported at
professional conferences such as AERA, NARST, and NSTA. Substantial reviews of these
studies have been compiled by Driver and Easley (1 978); McDermott (1984): Driver,
Guesne, and Tiberghien (1985); and Osborne and Freyberg (1985). In 1989, Volume 11
of The Intemational Journal of Science Education was a Special Issue entirely devoted to
research on students’ conceptions.

In addition, instructional programs focused on changing students' conceptions such as
the Children's Learning in Science Project at the University of Leeds, England (Scott, Dyson,
& Gater, 1987) and the Project to Enhance Effective Learning at Monash University,
Australia (Baird & Mitchell, 1986) have long histories of attempting to address student's

scientific understandings through conceptual change instruction. Three international




seminars have been devoted exclusively to discussion of students’ scientific conceptions and
research on the learning of science concepts (Helm & Novak, 1983; Novak, 1987, 1993).

In the late 1980's an award-winning video, A Private Universe, depicted
students at their college graduation articulating a variety of incorrect but common
misconceptions of the reasons for changes in seasonal weather. A Private Universe
symbolizes a crucial reality facing science educators. In spite of the high level of
education represented by these graduates, science instruction had failed to overcome the
persistent preconceptions held with respect to this natural phenomenon.

Science education research now faces the challenge of developing strategies that can
assist educators in teaching for conceptual change. Stofflett's (1992, 1993) work has
focused on acquainting novice teachers with the ideas of conceptual change and including
pedagogical practice informed by research in conceptual change in teacher preparation
programs. Results presented by Stoffiett and Stoddart (1994) are encouraging and indicate
the need for teachers to experience some aspects of conceptual change learning themselves
prior to implementing lessons designed around principles of conceptual change. We suggest
that different approaches may need to be taken in order to encourage experienced teachers,
who have already established their own teaching styles, to incorporate the practice of
teaching for conceptual change.

In the fall of 1994, the Science Media Group at the Harvard Smithsonian Center for
Astrophysics held a series of nine satellite teleconferences as part of an effort known as The.
Private Universe Project. Live interactive broadcasts brought teachers and science
education researchers together from locations in North America, Central America, and
Europe for a conversation on constructivist learning and teaching for conceptual change. The
creation of a six-part television series designed to inform and influence science teachers,
school administrators, parents, and policy makers is the eventual goal of this federally

funded project. Discussions during the teleconference indicated an affinity for the ideas of




conceptual change and constructivist learning. However, it was clear that implementation of

these ideas into the practices of teachers will not be easy since dramatic changes in
traditional pedagogy are required and acceptance of conceptual change instruction by those
outside the science classroom requires an informed citizenry.

If academic or research interest in teaching for conceptual change is going to have an
impact on science teaching, it is clear that the ideas must first be accepted and adopted by
those people already established in the profession, such as science teachers, science
supervisors, science educators, and administrators. Besides informing teachers of the
principles of conceptual change instruction, the academic community must develop realistic
methods for assisting with and encouraging modification of existing practices. Since the
elementary classroom is likely to be the first place most students receive exposure to
formal science concepts, this should also be considered an important site for conceptual
change reseérch. The goal of this research effort is to document and interpret if and how
exposure to conceptual change instructional techniques influenced one experienced teacher's
conceptions of teaching science.

METHODOLOGY

Our aspiration is to better understand how educators might encourage
experienced teachers to modify their science teaching as they incorporate principles of
conceptual change teaching into their instruction. This study is designed to follow a school
teacher as she is exposed to principles of conceptual change and as she incorporates those
principles into her instruction. While it would certainly be possible to study numerous
teachers in a broader context, we fee| a richer description and more detailed analysis can ba
gained from closer interaction with a single person. This methodological technique produces

results that, in connection with other research on conceptual change instruction, can inform

both the research community and science educators,
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As Stake (1994) suggests, the case study is not always a methodological choice, but
often the choice to study the particular case. We are fortunate to have found a teacher
particularly well-suited to the collaborative nature of this project. The teacher selected.for
participation is an experienced professional who has taught in excess of ten years at several
different elementary schools. She agreed to participate in this project by allowing a science
education researcher at a midwestem university to observe and participate in the
instruction of science lessons in her classroom. She is in the process of completing a
Masters of Arts degree in Elementary Education and has indicated a willingness to try
alternative approaches to science teaching. Her class is a fourth and fifth multi-grade
classroom with twenty-three pupils in a suburban school district.

This research is designed with the co-authors having distinct and separate functions.
One of the authors (LSJ) will interpret the teacher's concepts of teaching science throughout
the study. The other author (MEB) is responsible for introducing the practice
of teaching for conceptual change to this teacher. At this time, we have established an
understanding of her conceptions of teaching science, but have not begun to introduce her to
the concepts of teaching for conceptual change. As the project is longitudinal in nature, this
will require a series of interviews conducted at appropriate stages in the project. By
separating the functions of the r.esearchers, with one introducing the concepts and the other
discussing the impressions they make on the teacher, we hope have a better chance of
determining how she actually responds, rather than how she might thinic we want her to
react to the process.

In order to identify and analyze her thoughts about science teaching and learning at
the onset of the project, we used the Conceptions of Teaching Science (CTS) Tasks Interview
(Hewson & Hewson, 1988). This instrument is based on the Interview About Instances
devised by Osborne and Gilbert (1980). The format is an open-ended, indirect interview
where the subject is prompted to discuss a series of selected scenarios. Elementary teaching
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is more child-centered and less subject-focused and elementary teachers may be reticent to
discuss science teaching. We considered the CTS format particularly suited to encouraging
reflection by an elementary teacher since it does not initially ask specific questions about
science content and the interviewer can probe responses in a number of different directions
once the conversation is in grogress.

In this case, the scenarios were modified to be age-appropriate by describing events
involving younger children to provide relevance to the elementary school context (see Table
1). Each scenario involved a situation chosen to prompt the interviewee to consider if
science teaching or learning was occurring in a given scenario. She was asked to give her
impressions of whether science teaching or learning were going on and her initial response
was followed with queries by the researcher to encourage elaboration. Discussion was often
directed toward topics of interest such as the a priori categories (see headings in Table 2)
used in the initial data analysis. This was done with the understanding that an interview is,
in actuality, "a conversation with a purpose" (Kahn & Cannell, 1957, p. 149).

Since our goal was to document her Conceptions of Teaching Scienice in this initial
phase of the research project, we modified the categories for analysis suggested by Hewson
and Hewson (1988). Due to the large amount of oveﬂap, we collapsed "Learners and
Learning" into a single cluster. We also used "Nature of Science,"” "Rationale for
Instruction,” and "Preferred Instructional Technique" to sort the information contained in
the text of the interview,

Table 2 contains a condensation of the categorized and sorted data. In this research
the teacher's narrative serves as an analog to the graphical representation of data iﬁ
empirical research (Huberman & Miles, 1994). The statements come from the initial
recorded interview which was transcribed verbatim with each line of this transcript
numbered sequentially. After manually bracketing statements that related to the analysis

categories, a code was placed in the adjacent margin to facilitate sorting the data. Two




independent passes were made through the transcript by the interviewer (LSJ) and
compared to similar exercises conducted by the other researcher and an uninvolved
colleague. Each statement applying to an analysis category was moved to a separate list and
the line identification remained in the left margin. Each of the four major categories was
then sorted into topics that further organized the responses before the written analysis of
the interview was made. This sorting took place because other themes emerged during the
data analysis that are particularly relevant to the goals of this project.

Five months after the original interview, a second interview using the same format',
but different scenarios, was conducted to confirm the researcher's impressions of the
teacher's ideas. In addition, a deliberate member check was carried out with the
teacher to ensure that she felt our interpretation refiected her Conceptions of Teaching
Science. After giving a written analysis to the teacher for critique, this member check was
documented by a tape-recorded conversation. Other than asking for clarification of a point
that has been deleted from the subsequent analysis, she indicated the document was an
accurate reflection of her views (She also reviewed and approved this manuscript.).

The interpretive analysis that follows is based on these three conversations with this
weacher. It does not follow the standard CTS organization because our purpose is not to make
comparisons to other CTS interviews. Instead it represents what Glaser (1978) would
consider a theoretically sensitive outcome of the inductive process. At this stage of this
research process, the analysis could be considered a baseline assessment of her
conceptions of teaching science from the perspective of the researcher. While these are the
impressions of another person, her own words are included often to support general claims.
Any comments enclosed by quotation marks are the words of the teacher.

The ideological framework for our work comes out of an interpretivist research
perspective endeavoring .o construct meaning through induction. Theory is generated on the

basis of observations, made in this case through the interview process. The ontological




premise of interpretivism lies in the nature of reality being its multiplicity. Jur study
will only involve a single teacher and no claims will be made for generalizability to
all teachers. The epistemological challenge will be to generate knowledge that is-
valuable through the understanding we develop from the rational and intuitive
interpretations of this individual's statements.

INTERVIEW ANALYSIS

This particular elementary school teacher was very willing to discuss her ideas
about science teaching in all of our conversations. | nave the impression that science lessons
are considered an important aspect of the education of her students. Aware of the
universality of the sciences, she states that "it [science] is basically going on all around us
in every day life." The understanding that "science is not something confined to the class or
a lab" seemed to be a reason she feels it is crucial to offer quality science instruction to her
students.

She explained her feeling that disinterest in science may arise from situations when
science is not always made relevant to the daily lives of people. Science vocabulary is a
particular problem and can be literally overwhelming. "What we ought to do is not like kill
it [science] for children, beat it with a stick until by the time they hit middie school, they
hate science or they don't like it or they think it's beyond their scope." She said science
instruction should center on "what the students want to know," with their lessons based on
"what they are interested in." She further stated that she tries to focus on topics "related to
their daily life" and has an idea of what she thinks they need to learn.

In discussing why students dislike science, she talked about a difficulty "connecting
with it." Some teachers' inability to "nourish inquiry" is seen as damaging. She structures
her teaching to do "whatever it takes to help them gain from instruction," realizing that it is

important to "express things in different ways" so that there is a greater possibility of more




students grasping the message. Believing that "both boys and girls can be good at science,"
this instructor encourages them to "be themselves and grow into what they want."

Many references were made to the public images of scientists and the sciences.
Science "does not always have all the answers" and loses credibility with the public when
ideas change dramatically. She remarked that great scientists "often work by teaching
themselves" and become somewhat detached, ending up isolated in their laboratories.
Scientists were described as people who "have strong interests or gifts in a particular area"
and she wondered whether "they were bom with the motivation or it was encouraged." Their
focus seems to have led them "to excel in it, gain knowledge, and end up highly educated."

Questioning, both as a natural manifestation of student curiosity and a central aspect
of scientific activity, was mentioned often. This teacher inferred that the task of turing
learner curiosity into scientific inquiry is a very natural way to encourage her‘pupils to do
science. Her own preference for learning science in this manner served as the incentive to

teach her students to do so. “[|]t's becoming clearer to me that when | was interested in

scu“ence, especially as a young person, | always wondered and would ask a iot of questions.
Even when things were taught to me directly, | wanted to know why and so | think now it has
come full circle and | want to encourage children to ask questions and to wonder and to look
themselves at what they're wondering about..." She taiked about giving her students "lots of
room to ask questions" and pursue "their own paths of inquiry" to seek information such as
science concepts or content. She described starting "with blank faces,” then seeing "their
interest stimulating comments and questions," and eventually seeing them "pursue" things
and "come up with their own answers" in some cases.

Awareness of the fact that students are easily discouraged by science instruction
when it is inaccessible due to uninteliigibility, seemed to motivate her to be very concerned
with the importance of making scientific knowledge age-appropriate for the students. When

the subject matter is "developmentally over their heads," learning science becomes




distressing and students "think it is beyond their scope." The need to understand the
fundamentals of child development and present appropriate conceptual topics with content
that is concrete rather than abstract was mentioned often. She talked specifically about
teaching concepts that are developmentally suitable so that students can "make link ups."
Teachers should have a "clear understanding of child development" in order to understand
"what they can relate to."

In her classroom, she teaches more in the concrete dimension, but has seen her
students "make leaps to ideas that are abstract." This enables her pupils to make conceptual
leaps on their own and makes science something they are more likely to relate to. Often
stressing the importance of concrete issues that they can visualize, even aduits learn best
when science begins with "concrete or representational" examples, but it is extremely
important to understand this is true for children. Since this is the way she has always
"learned best," the assumption seems to be that others learn best this way, too.

Having gone through a radical change in the way she teaches science, this teacher is
very conscious of her own style. She used "to assign chapters to read and answer questions
at the end," teaching so that it was "easy to manage her class," but now she uses more
inquiry-based instruction. Determined "not to kill" the interest that the students naturally
have, her goal is to "give them the richest environment possible," making every day a "new
and fun experience." She now sees that "it makes sense to teach in an informal way," having
gained the confidence to teach the way she wants, rather than the way that traditionally
seems to be expected. Students are provided with opportunities to do more hands on science
by giving background and resources and letting them do projects that "incorporate math and
reading while strengthening their science." She gives them time "to fiddle around and kind
of go off in their own direction on their own paths of inquiry." Pupils are allowed to plan

their own scenarios, test what they have found, write up their results and present
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them to the class. Good science teaching allows children to pursue "what they are interested
in and lets them go their own way."

The way this woman now teaches science involves setting up an environment where
children can "absorb and grow and leam." She wants children to quest;on and "leaves plenty
of room" in her classes for them to do so. A goal is to help them gain information by
directing, rather than habitually imparting the information "by doing lesseons in front of
them." She likes to see them generate inquiry questions where they are involved. Her
function is to set up an experience where it is possible to learn, to ask questions, to wonder,
or to pursue and come up with their own answers. In describing her teaching, she said, "it's
not me always directly imparting information. It's setting up an environment where the
children can absorb, and grow, and learn."

The interviewee is very conscious of what she does in her classroom and has reflected
her reasons fo.r doing so. She made very easy connections between the scenarios presented
and her own classroom practice. The whole point of teaching science is to make things clear
to her students. There is a great deal of focus on teaching in ways that "help them to gain
information.” While science learning can take place in isolation, her preference is for a

high level of interaction. The belief that youngsters can "impart information" to each other

and benefit from "peer teaching” lead her to support the idea of collaborative learning. She
likes to see them share with each other through conversations and discussions or working
toward "some kind of group presentation." She has seen the payoff for her teaching come in
positive feedback from parents. They love the way she teaches "because their kids are real
interested.” In talking to parents she notices that "if they have a sense that she knows their
children, they trust her and what she is telling them."

The interviewer (LSJ) has a strong impression that this teacher has an affinity for
science since many of the comments on her methods of teaching had very strong personal

connections. She mentions always "loving science" because she wanted to understand the




reasons for things, but says she "never d-eamed of being a scientist. She seems to feel that

the essence of science lies in an excitement that is linked to the enormity of such an
"unlimited process" and refers to "the importance of imagination." Science is not seen as a
static process. She is aware of the dynamics and mentions "how wonderful it is that ideas
change all the time." There was mention of the ongoing "dialog" and "the idea of consténtly
rethinking and extending in the system." This translates to the understanding that the
instructor does not have a responsibility "to know everything in her classroom."

She convinced the interviewer in our conversations that she has thought a great deal
about her own learning process, things that facilitated learning for her and carries these
into her ideas about teaching her own students. She thinks they need to be givén lots of
"opportunities to go in their own direction," leading themselves "by fiddling around." One
comment she made that seemed to summarize her pedagogical style for science instruction,
"l try to make it [science] friendly, vser-friendly."

DISCUSSION
. As science educators, the interpretive analysis of interest is the "realist tale." The
choice has been made to present this case study with the purpose, goals, and audience of this
project in mind. It is not the only nairative form that could have been used with this text
and in order to avoid the common tone of "authoritative omnipotence" (Van Maanen, 1988)
it is appropriate to engage in some reflexivity.

The preceding interpretation of the teacher's comments is heavily influencec by our
training as educational researchers. We organized her comments according to categories
deemed to be crucial components of an individual's conceptions of teaching science. Our own
experiences as teachers provide a certain empathy on issues such as class management,
student interest, and parental feedback. Something of an outsider's perspective, with
heightened interest in comments on child development, came from the fact that the

interviewer has not taught at the elementary level. In contrast, my background and
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experiences as a research scientist interested in science education (LSJ) made me very
impressed with the accurate perception and keen insight she had with respect to the nature
of science and its process.

This experienced teacher has a well-established concept of teaching science,
extensively documented in the previous two sections of this paper. In these conversations,
there was no specific mention of teaching for conceptual change, so we suspect the
theoretical mode:i will be new information to her. Thus, if she accepts the ideas, it will come
through a.proce:ss of conceptual change in which these different ideas are incorporated into
her existing framework.

According to Posner, Strike, Hewson, & Gertzog (1982), four conditions must be
fulfilled in order for such accommodation to occur. New conceptions must be intelligible,
plausible, fruitful, and occur in conjunction with dissatisfaction with existing concepts.
This baseline assessment‘ indicates the potential for this to happen. She has expressed
dissatisfaction with existing conceptions of teaching and said, "...I've really backed away
from even as a teacher, my definition of what teaching is. It's not me always directly
imparting information." She indicates the ideas of conceptual change instruction will be
intelligible by saying that [there are times in science classes when] "maybe a few people are
going to grasp it and if you repeat it several times, maybe some people are going to
memorize it, but there's going to be a lot of people who don't understand and need other ways
to leamn..." It would seem that she would find teaching for conceptual change plausible,
because she discussed "evaluating and assessing what kids already know, where they're at
and then you'll be better able to key in on what kids want to know and where to go from
there." Her desire to make an effort to teach in ways that benefit her sfudents, reflected
‘when she said "l try to make link-ups, | guess to their lives and what makes sense to them,

but it's in their terms," suggests she would find conceptual change teaching fruitful.
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During the next phase of the research, this teacher will be encouraged to implement
the principles of conceptual change instruction. The two major components of the
Conceptual Change Model (CCM) of Posner et al. (1982), namely status and the conceptual
ecology, will be the focus of future efforts between the teacher and the researchers. The
teacher will be instructed in the status component of the CCM. She will be asked to read
literature describing status and studies done to elicit the status of learner's conceptions.

She will audio-record interviews with individual§ and groups of students prior to, during,
and following instruction to determine which conceptions her students hold and the status of
a conception to a particular student. The researcher (MEB) will assist the teacher in the
analysis of student interviews for status related interactions. Thorley (1990) defines these
as statements that can be identified and categorized as indicating the intelligibility,
plausibility, or fruitfulness of a conception. Analysis of statements contained in these
interviews can provide an indication of the student/'s current conceptual understanding and
inform the teacher'é planning and delivery of future instruction.

The teacher will also read and discuss with the researchers, articles describing the
conceptual ecology component of the CCM. She will be asked to take special note of the
student's abilities tc actually use or refer to one or more of the components of the conceptual
ecology during recorded interviews and classroom instruction. Instances in which aspects of
the conceptual ecology either facilitated or .inhibited student understanding will be
documented by the teacher. Inferences about the impact of these criteria on student's
learning will be suggested by the teacher and the researcher. As with the status component,

information related to the conceptual ecology provided by the student may influence future

instruction presented by the teacher.

Throughout the continuation of this study, the teacher's Conceptions of Teaching
Science will be monitored as she introduces principles of conceptual change into her

instruction. Changes from the baseline information on her views presented in this paper,
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will be noted. It is recognized that this research uses three status terms and the conceptual
ecology components of the CCM as categories of analysis for student understanding of science
content. Additional categories useful in the analysis of student conceptions may emerge as
the study progresses. Although not an intentional part of the design of this study, it is
recognized that a study of this nature can and should provide ciarification conceming the
existence or utility of status and components of the conceptual ecology to the CCM itself.
Completion of this study may give insight, not only into the process of encouraging
experienced teachers to adopt the practice of teaching for conceptual change, but also into

further development of the theoretical components of the CCM.
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Table 1 - Modified cTS Instrument

Conceptions of Teaching Science Intgrview
Examples of Instances of Science Teaching and Learming

Protocol:

1. In your opinion is science teaching or learning going on

in each of the following scenarios? What is the reason for
your answer?

2. If you are not sure, what additional information would you
need to know? How would this information clarify this?

Items:
1. Teacher handing out objects

A sixth grade teacher passes out the skulls of ten different
animals and asks the class to compare the teeth.,

2. Children watching v

Three siblings in the second, fourth, and sixth grades are at
home watching a Nova program on "The Wonders of the Universe®.

3. Students in the library
Two older students work together on an assignment to predict
their height in 5§ yYears from graphs depicting growth rates.

4. College Professor and students

While visiting a second grade class, a college professor gives a
Presentation on their work on DNA.

5. Teacher lecturing class

A fourth grade teacher stands in the front of the class and
explains the physical states of matter to the students.

6. Teacher guestioning Individual
In a one-on-one conference, a student is asked to clarify a

statement made in their science journal that "sunlight makes
plants grow".

7. Teacher asks student Lo label drawing
After a unit on plants, the teacher asks third grade students to
label the parts of a flower from memory .

8. Student asks a question

A first grader watching a teacher fill a helium balloon for a

party asks why it rises and the ones they blew up with air sit on
the table.

9. Student working alone

A fifth grade student works at home alone assembling a motor-
driven model boat from a kit received as a gift.

10. Teacher writing 2 self-study program

A teacher from Cape Cod with a special interest in bogs writes a

self-study program for other teachers to use before a school
field trip to Buckeye Lake.
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