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We arein an era of change and ferment in science education. Large scae reform
efforts have been underway for severa years on the nationd leve (e.g. Scope, Sequence
and Coordination and Project 2061), new standards for the teaching, learning and
assessment of science are near completion (NRC, 1994), and many of the states are
developing innovative curriculum frameworks for science (e.g., CADOE, 1989;
MADOE, 1994). While these efforts could depend solely on anew cadre of science
teachers educated according to new standards for teacher education, unless these reform
effortsare willing to wait a biblica forty years for a new generation, they are dependent
on the successful inservice education of experienced science teachers.

Most of the attempts to change the practice of experienced science teachers has
congsted of outside experts "training” teachersin new practices (e.g., Joyce and Showers,
1983). More recently teachers have been trained to be the outside experts to train other
teachers (e.g., the Physics Teacher Resource Agent project of the American Association
of Physics Teachers). While these types of inservice education can be effective, they
make little use of the expertise of the teachers being "inserviced." In this sudy | have
looked at the use of action research as aform of science teacher inservice education that
relies on the experiences and knowledge of the participating teachers. | have sought to
better understand the ways in which science teachers use their own experiences and those
of their colleagues to become better teachers as away to answer the question, "How does
teacher knowledge originate among practicing teachers?

| have done this by encouraging a group of physics teachersto engagein
collaborative action research on their own practice. In doing so, my research question
became, more specificdly, "What are the ways that teachers knowledge about teaching
and their educeationa Stuations grow when they are engaged collaboratively with other
teachersin inquiry on their own practice?’ Implicit in this question isthe
acknowledgment that science teachers are involved in professond practice, and are,
therefore, interested in "getting smarter” about teaching to do it better.

In this paper | report on athree-year sudy of agroup of physics teachers engaged
in action research. It isimportant to note that while the physics teachers were engaged in
action research, my study is not an example of action research. | describe my
methodology and methods later isthis paper. In the next section | begin with areview of
action research and how it relates to the inservice education of teachers and the reform of
science education. | follow that with a description of the project and the teachersinvolved
to provide context for readers. | return to the questions that | have posed here and
examine the ways that others have addressed the issues of teacher knowledge and how it
is generated and shared. | then turn to the case study and the findings that arise from it of



the mechanisms used by teachers for the generating and sharing of knowledge about
teaching. Findly, | turn to the implications that this has for practice, policy, and research.

Action Research and Educational Reform

In this section | review the history of action research in the US and its
implications for the reform of science education. | begin by noting that many of the
attempts to reform science education have used center- periphery or transmisson models
for development, dissemination, and implementation (Clandinin and Conndly, 1992;
Snyder, Bolin, and Zumwalt, 1992). In these models, a group of university researchers,
often in conjunction with science teachers, develop ingructional materids and methods,
which they then disseminate to teachers through publication and inservice education.
While on paper these modds gppear to be highly efficient -- expertise islocated centrally
-- the modd's assume that the ingructional materials and methods can be transmitted asiif
through a conduit (Reddy, 1979). Asit turns out, the transmisson lines are exceedingly
noisy, and reform efforts that rely on center- periphery models have had little success on
American schooling (Cuban, 1993).

In recent years, adifferent mode of educationa reform has begun to emergein
the US. It relies on teachers engaging in an activity known as action research or teacher
research (Lytle and Cochran-Smith, 1990). In this mode, teachers are assumed to have
expertise at teaching their subjects in schools. Using avariety of methods, they inquire
into their classrooms and schools to improve the educationa experience of their sudents.
This pardles the conception that Kurt Lewin had of action research asaway for socia
workers to use research to further socia change (Noffke, 1990). While Lewin worked
with socia workersin the 1930s, action research had little influence on American
schooling until the 1950s when it was taken up by Steven Corey of Teachers College,
Columbia University (Corey, 1953). Corey saw action research asaway for teachersto
engage in legitimate educationd research, and as away to bring the then new scientific
study of education into the classroom (Noffke, 1990). Although under Corey's influence
there was great interest in action research in the 1950s and into the 1960s, by the next
decade it had nearly died out as a research methodology in the US.

Action research re-emerged in the US in the mid-1980s in two forms. One, which
| call classroom action research (CAR), lays out a conception of action research asa
problem solving process that relies on data collection and andyses to solve those
problems (Feldman, 1994). [ See Altrichter, Posch and Somekh (1993), Carr and Kemmis
(1986), Elliott (1991), Sagor (1992), and Winter (1989) for examples of this form of
action research.] CAR originated in Britain due to the influence of Lawrence Stenhouse
(Elliott, 1991). His work with teachers in the Humanities Curriculum Project, and
subsequent work by John Elliott and others at the University of East Anglia (Elliott,
1991) served asthe basis for this mode of action research that has spread to Europe,
Audrdia, South Africa, and the US.



The second form of action research, which is more often referred to as teacher-
research, arose from the work of the Writing Projects (BAWP, 1979) and Pat Carini of
the Progpect School (1978). Teachers working with the Writing Projects, which
originated a the University of Cdifornia-Berkeley, began to do research asaway to
improve their teaching, and their sudents learning, of writing. They engage in teacher-
research by paying close attention to their own work through journd keeping, and by
paying close attention to children's work by collecting samples of their writing. Teachers
in collaborative groups then share and critique each other's work by making public ther
journd entries and exhibiting their students writing. They expand upon their idess by
writing sdf-reflective documents that rely on their journass, the student writing samples,
and the comments and questions of their peers. These documents are shared again with
the collaborative group in a peer review process. This latter process may be repested
severd times until thereis an acceptable finished product. Collections of teachers
writings have been published by Writing Projects (Alaska Teacher Researchers, 1991;
Goodman, 1988; Page, 1992), and by university researchers (Cochran-Smith and Lytle,
1993).

What this amounts to is amethod of doing research through writing. Thisis quite
different from the modd of research used by teachers who do classroom action research.
Those teachers rely more on traditiona research methodologies. Thereis usudly some
sort of recognition of a problem, dilemma, or dissonance in practice that they would like
to resolve. Some attempt is made to do this by taking action within the system and by
collecting deta. The data is then analyzed in some way to learn more about the Situation.
This cycle of problem formation, action, data collection, and analysis may be repested
severd times Thereisthen the assumption that some sort of research report will be
written to be shared with other teachers.

The modd of action research that | have used in this study has been influenced by
both classroom action research and the work of the Writing Projects. When | talk with
teachers about action research, | depend heavily on the CAR modd. For example, | talk
about Carr and Kemmis four step cycle of planning, acting, observing, and reflecting
(1986), and rely heavily on the methods suggested by Altrichter et. d. (1993). But ny
modd is aso dependent on the way that the Writing Projects encourage teachers to work
together. The physics teachers kept research notebooks, shared their own lessons and
their sudents work with one another, and engaged in a narrative form of inquiry that |
describe later in this paper.

Themodd of action research that | used isaform of collaborative action research.
It conssts of practitioners working together to take actions within their Stuationsin order
to improve their practice and to come to a better understanding of that practice. That is,
by collaborative | mean groups of teachers working together in contrast to arelaionship
between university researchers and school teachers (Feldman, 19933). In using the term
research, | begin with Stenhouse's definition -- systematic, critica inquiry made public
(1975). And by action, | mean that thereis an assumption in action research that a good
way, if not the best way, to come to a better understanding of a complex system --



teaching and learning, in particular -- isto take action within that system and pay close
attention to the results of taking those actions.

| end this section by noting two particular aspects of the form of action research
used in this study. Firdt, the primary god of thisresearch is not the generation of new
knowledge, whether local or more universa, but the improvement of practice. It is
therefore a sdlf-developmental process. A second aspect arises from its sdlf-
developmentd nature. Teachers seek to develop thelr practice because they want to
provide a better educationa experience for their students. Therefore, action research is an
ethica processwhich is deeply rooted in the mora aspects of teaching (Elliott, 1991).
The mord nature of the process isreflected in teachers choices of research to undertake -
- research that improves their practice or their Stuations to better the educationa
gtuations for their sudents or peers. By amalgamating the processes of inquiry,
improvement of practice and professond development within thismora framework,
action research servesto integrate "...teaching and teacher development, curriculum
development and eva uation, research and philosophica reflection, into aunified
conception of reflective educationd practice (Elliott, 1991, p. 54)."

Context: The Physics Teachers Action Research Group
That seemsto be the only way ... after you've reached a certain level
and you've gone to all the workshops and done all that, the only way
you can become a better teacher isto try to improve yourself
-- Lettie Weinmann, physics teacher

Beginning in 1990, | worked with agroup of eight physics teachers who were,
and are, deeply concerned about improving their practice. For the most part they were not
worried that they were not doing a good job; rather, they felt good about themsalves as
physics teachers but were aware that what they accomplished did not meet their own high
expectations. Because of this, they agreed to join with me to engage in collaborative
action research.

During the 1990-91 (Year 1), 1991-92 (Y ear 2) and 1992-93 (Y ear 3) academic
years | looked closdly at the ways the teachers learned from one another, and the ways
that they generated knowledge and understanding from practice (Feldman, 1993c), as
they engaged in collaborative action research to improve their practice. During Year 1 of
the study | convened the Physics Teachers Action Research Group (PTARG). Year 2 was
the primary data collection year. Most of the data analysis occurred in Year 3, during
which | continued to meet with the teachers.



During Year 1, | sponsored a series of programs and presentations for physics
teachersin the San Francisco Bay area. PTARG was established at the end of that year
when | invited the regular attendees of Year 1 activitiesto participate in Lee Shulman's
Spencer Foundation funded project, Toward a Pedagoqy of Substance (TAPS). In this
project, Shulman was looking at teachers use of representations: "visud images,
anaogies, metaphors, stories, and key cases (Shulman, 1989)" used to make sense of the
world. For physics, the domain of teaching representations includes demondrations,
laboratory activities, graphs, and mathematica formulae. | convinced Shulman that it
would be worthwhile to see what could be found if teachers were to investigate this
aspect of their practice. As aresult, PTARG was established with the use of TAPS
Spencer Foundation funds. These funds were used to provide each teacher with a $500
honorarium, trave to professond meetings, and for medls at PTARG mestings.

During Year 2, PTARG met approximately once every three weeks. All of the
meetings had a smilar format: Each was & the home of a PTARG member, and |
provided dinner. The meetings began with the teachers drifting in and beginning
conversation about what was happening in their schools and classes, and about any
questions that they had about physics. It was not until after dinner that the group turned
from dinner to the agenda at hand, and | turned on my tape recorder. What went on for
the next hour and one haf varied over the course of the study. But for the most part it had
two different forms. The first conasted of different members of the group holding the
floor and making some sort of report to which the othersfirst listened and then
responded. The second form of meeting discourse was the discussion. Some of these
discussions were pre-planned while others arose more spontaneoudy from remarks made
by one or two of the teachers. There were other discussions that were more instrumentd,
those times when the teachers needed to decide on aresearch method or about a
presentation.

| acted as the covener and facilitator of the group during Year 2. | established
PTARG by inviting the teachers to join the TAPS project. | began the forma part of each
meeting by reminding the teachers of what had happened during the previous gathering,
what they had decided to do between meetings, and what the group had decided would be
the agenda for the current meeting. | summarized points that were made, kept track of the
time | eft in the meeting so that the agenda would be covered, and acted as an
intermediary between the group and Shulman.

Between meetings the teachers taught their classes, tried out some of the ideas
that they had got from each other in their classrooms, and kept a research notebook of
their observations, reflections, and hypotheses. | transcribed the tapes, visited the
teachers classrooms, and interviewed them and their students. In addition, | acted asa
research assgtant for them when they needed help gathering data

Year 3went oninadgmilar fashionto Year 2. There were severd differences.
Fird, | no longer acted as facilitator. Instead, severd of the teachers took turns
facilitating. Second, | no longer taped the meetings. However, the PTARG teachers
decided that they wanted to continue to tape them, and before the end of the academic



year, one of the teachers, Lettie Weinmann, andyzed the tapes to extract important ideas
that had been discussed. And third, | no longer provided dinner because | did not have
funds from TAPS project. Because having dinner together was an important part of the
meetings, the teachers decided to take turns cooking for one another. At the time of this
writing, Sx years after | first began to convene the group, and two years after | moved to
Massachusetts, the PTARG teachers continue to meet on aregular basis, and have written
apaper about their work that will soon appear in The Physics Teacher.

Conceptual Framework

| began this study with the assumption that to be a better teacher, one needs to
possess more, or different, knowledge of teaching and educationd Stuations. Whilein
some way's this gppears to be more of a truism than an assumption, it is only within the
past twenty years that teachers knowledge has become a serious subject of educationa
research. While some (Shavel son, Webb, and Burgtein, 1986) say that it began asearly as
Shulman's call for an abandonment of behaviorist research (1974), it was not until the late
1980s that aliterature emerged that focused on what it is that teachers must know to teach
(e.g., Grossman, Wilson, and Shulman, 1989; Hashweh, 1987; Lampert and Clark, 1990;
Leinhardt, 1990; McDiarmid, Ball, and Anderson, 1989; Shulman, 1986), and
consequently, the development of a knowledge base on teaching for teacher education
(Reynolds, 1989).

In this literature, severd taxonomies of teacher knowledge have been developed (
Carr and Kemmis, 1986; Elbaz, 1981; Grossman, 1990; Leinhardt, 1990; Shulman,
1986). For this study | have relied on Grossman's, which derives from Shulman's
taxonomy. Grossman suggests that teachers possess four categories of knowledge that
they rely on to teach: genera pedagogica knowledge, subject matter knowledge,
pedagogica content knowledge, and knowledge of context (1990). In addition, Grossman
has suggested some apparent sources for this knowledge: Lortie's " gpprenticeship of
observation (1975)," forma education in the subject area and in methods and theories of
teaching, and for experienced teachers, knowledge gained through their experiencein the
classroom.

Shulman and his colleagues have suggested a"moded of pedagogica reasoning”
for the way that teachers knowledge grows through their professiona experience
(Wilson, Shulman, and Richert, 1987). Pedagogica reasoning proceeds through a process
which beginswith comprehension and then transformation, ingruction, evaluation,
reflection, and then to new comprehension.

Teachers comprehengion istransformed through criticd interpretation-- areview
of curricular materials with respect to the teachers understanding of the subject matter;
representation -- the use of "metaphors, anaogies, illugtrations, activities, assgnments,




and examples that teachers use to transform the content for ingtruction (Wilson et. d.,
1987, p. 120);" adaptation -- thefitting of representations to sudentsin generd; and
talloring -- the adapting of representations to specific students.

According to this model, teachers comprehend and transform their own
knowledge. They interact with students through ingtruction and then evaluate their
ingruction through the evauation of their sudents. Using multiple forms of evauation
which can range from objective tests to observations of the looks on students faces,
teachers can gauge how useful or effective their ingtruction has been by checking for
sudents' understandings and misunderstandings. New comprehension then arises from
teachers reflecting on their transformation of curricular materid, their ingtruction, and
their sudents understandings (Wilson €. d., 1987).

Although this appears to be a reasonable mode from which to begin an
investigation into how teachers pedagogica content knowledge is generated, there does
not seem to be a place for the effect of teachers colleagues and of the wider contexts of
schooling. This modd congsts mainly of processes thet lie within the teechers minds --
itisacognitive modd -- and does not consider ways in which teachers' knowledge can
be generated in their socid milieu.

Design and methodology

To examine the ways that teacher knowledge is generated and shared in a socid
milieu, | needed to use a research methodology that would alow meto pay close
attention to the ways that the teachers interacted with one another. Therefore, | decided to
engagein naturdigtic inquiry (Gubaand Lincoln, 1982). Naturaistic inquiry uses
methods smilar to ethnography but relies on condructs in addition to culture to andyze
the Stuations under study. For example, naturdigtic inquirers may view teaching from the
perspectives of anthropology, psychology, or sociology. | began this study from
Shulman's psychologica perspective, as| described above, and then generated a socia
congtructivist pergpective (Goodson, 1990) through the development of grounded theory
(Strauss and Corbin, 1990).

My interest in encouraging teachers to engage in action research provided me
with an opportunity to study the ways that the physics teachers generated and shared
knowledge. By convening a collaborative action research group that | facilitated, | was
able to be with the teachers during most of the times that they interacted with one
another. In thisway | acted as a participant and an observer by paying close attention to
the ways that the PTARG teachersinteracted with one another as they attempted to
improve their practices and come to a better understanding of their educational Situations.
Therefore, the methods that | used were smilar to ethnography, relying on tapes of the
mestings, observations of classes, and interviews of the teachers and their sudentsto
write a set of case studies of the Physics Teachers Action Research Group. While |
originaly conceived it as a set of parald and contragtive case studies of theindividua



teachers using the methods of Eisner (1985; 1991), Wolcott (1990), and Yin (1984), the
study co-evolved with the conceptud framework into a set of case studies that explore
multiple aspects of the nature of knowledge and understanding, collaborative action
research, and the ways that teachers go about understanding and changing their practice
(Feldman, 1993c).

The teachers

The eght PTARG teachers are wdl educated and have had significant teaching
experience. Six have more than fifteen years of experience, two hold Ph.D.'sin physics,
and dl but two have undergraduate physics mgors. In addition, six have gone through
teacher certification programs -- two a Stanford, two in campuses of the Cdifornia State
Universty, and two in other states. Most have maintained active professional careerswith
connections with the American Association of Physics Teachers (AAPT), the Nationa
Science Teachers Associations (NSTA), and through loca dliances with universties,
industry, and museums. As teachers who identify themsalves as physics teachers, they
teach in inditutions that have rdaively large enrdllmentsin physics -- either large public
ingtitutions or schools with dite populations. These characteristics make them as a group
specid. Ther involvement with professond activities outsde of teaching, the schools
that they teach in, and their level of education al add up to this being an exceptiona
group of teachers. And they are exceptiona in another way -- three of these physics
teachers are women.

What this amountsto is a group of individuas who chose to become a part of this
action research group. They were not enrolled in a university course together and they
have not joined a common reform effort. They were not fulfilling a requirement for
employment of recertification by participating in the group. The common thread appears
to be that they identify themsdlves as physics teachers, and that they are physics teechers
who areinterested in learning more about their own practice and improving it by
interacting with other physics teachers. While the teachers gave me severd reasons for
agreeing to join the group, including the promise of an honorarium of $500.00 for Year 2,
al of the teachers agreed that their primary purpose of becoming part of the group wasto
work with other physics teachers (Feldman, 1993c).

Data collection and analysis

It isimportant for me to make clear that thisis areport of aresearch study of
people involved in research, and that there were multiple sets of data; the data that the
teachers collected as part of their action research, and the data that | collected in my study
of the teachers engagement in research. Since thisreport is of my research, it followed
my research agenda, and the data collection and andysis methods that | describe are the
onesthat | used.

Thedatathat | collected includes classroom observations, interviews of the
teachers and their students, audio tapes of PTARG meetings, and teachers writing. The
teachers writing included journd entries, an interim report in Year 2, and the papers that
they presented a professional meetings. The data provided me with informetion for



teaching biographies and pedagogical basdines for each of the teachers in addition to
records of the discourse during the PTARG meetings about the teachers conceptions of
research in genera and action research specificaly.

There were two primary methods that | used for data andysis The first conssted
of ongoing analysis that occurred during the data collection phase of Year 2. | wrote
reflective notes and memos in my research notebook, added side comments to transcripts
as| transcribed them, and engaged in extensive conversations with other university
researchers. Thisled to both reformulation of my problem statement and significant
modificationsin the conceptua framework.

During Y ear 3 much of the andlysis conssted of the grouping and coding of deta
with the software Hyperqua . Coding categories were devel oped using the principles of
grounded theory (Strauss and Corbin, 1990). The transcripts of PTARG mesetings,
transcripts of interviews of the teachers, and pertinent field notes were entered into
gpecid files created by the software package. The use of this software alowed meto do
aninitid "chunking" of data into thematic categories Smilar to the sort of coding
described by Miles and Huberman (1984). In addition, the coded data was organized into
charts and tables to facilitate analyss. The chunked, coded and charted data then became
the source for the writing of the case studies.

| shared much of my data with the teachers. | gave them copies of the notes that |
took while observing their classes, the tapes and transcripts of student interviews, and dl
of the teachers were given the opportunity to read and respond to my analysis of the data.

In remainder of this paper | will show how | attempted to use Shulman's
conception of teacher knowledge and the model of pedagogica reasoning to explore the
guestion that framed this sudy: How do teachers generate and share knowledge when
interacting with their colleagues? In doing o, | found that | needed to expand the moddl
of pedagogica reasoning so that it could go beyond individua teachers, and to make two
diginctions: the first between knowledge and understanding, and the second between
context and Situation. | return to this later.

The physics teachers action research group:

A case of enhancing normal practice

In the case study that follows, | have identified three activitiesin the PTARG
teachers collaborative action research through which knowledge and understanding were
generated and shared. They are anecdote-tdling, the trying out of ideas, and systematic
inquiry. Before | turn to it, | must make clear what | am not doing: Thisis not a
codification of what knowledge was generated and shared by these teachers. Whileitis
possible to do so (Feldman, 1993b), what knowledge shared in thisway is not as sdient




for issues of teacher education, research on teaching, or educationd policy as how the
knowledge is generated and shared in collaborative settings.

| cadl the combination of anecdote-tdlling, the trying out of ideas, and systematic
inquiry enhanced normal practice. This name came about in response to a common
question that teachers have had when | talk with them about action research: "How is
action research different from what | normaly do?* What the teachers have meant by
what they normdly do is the monitor-and-adjust of good practice -- teachers pay attention
to what is happening in thair classrooms and make changesin what they are doing based
on their perceptions as to whether their teaching is "working" or not. Enhanced normal
practice begins there but goes further. The "paying atention to" is more systemétic
because it is part of adefined action research project, and the reflection-on-practice
(Schon, 1983) that is part of normal practice becomes critical inquiry by extending it to
the meta-leve asreflection about practice in the setting of the collaborative group. Asa
result, enhanced norma practiceis not only aform of systematic inquiry, but is
systemdtic, critica inquiry made public, or research as defined by Stenhouse (1975).

In the next three sections of this paper | will describe these activities and show
how each resulted in the increase of the teachers knowledge and understanding about
teaching and how to teach, and of their knowledge and understanding of physics. | will
then show how they can be envisioned as a méange of activities, enhanced norma
practice, that can lead to a new conceptudization of action research.

Anecdote-telling: The sharing of knowledge and understanding

Thefirg of these mechanisms for the sharing and generating of knowledge and
understanding thet | examine in detail is one that | have caled anecdote-tdling. An
anecdote is"a narrative of a detached incident, or of asingle event, told asbeing in itself
interesting or griking (Oxford English Dictionary, 1971)." | usethisterm to distinguish it
from storytdling and narretive for two reasons. The firgt isthat the anecdote-teller is not
necessarily telling a story: There need not be a crisis that isto be resolved, aplot, or a
time sequencing of event in the anecdote (Bruner, 1990). And second, | do not call these
verbal exchanges among teachers narratives because | do not mean to refer to al that
Connelly and Clandinin (1990) and others mean by the term.

While | have labded this activity anecdote-tdling, it is obvious that more must be
happening than tdling. Because this was occurring in agroup Stuation, others were
hearing and ligening to the anecdote-teller, and responded with their own anecdotes or
with questions. In generd, the teachers responded to anecdotes in one of three different
ways. In some instances the response was another anecdote. At other times, anecdotes
were responded to with questions about the details of what was described or explained in
the anecdote. A third type of response aso conssted of questions, but ones that were
more critica in nature and asked "Why?" aswell as "What, where, how, and when?"
Therefore, by anecdote-teling, | mean the ord exchange and generation of knowledge




and undergtanding by the recounting and questioning of some teaching event or
explanation of one's understanding to others.

Anecdote swapping would commence with a teacher either beginning with a
phrase such as"That reminds me of ..." or by telling an anecdote of a practice or
occurrence that was smilar to that told by the first teacher. One example of thiswas
when one of the teachers, Sean Fottrell, described a technique that he used to try to get
his students to think through the solution of numerica problems before they begin to
manipulate equations. As away to illudrate the ussfulness of this technique he told an
anecdote about a student who had figured out how to solve a numerica problem on atest
but did not have enough time to compute the answer:

Fottrdll: | had one student who ran out of time & the end of the test and
didn’'t have time to do al the computations. She said, "I wrote everything
out" and it looked like everything that you would do to solve it (PFTARG
mesting 11/7/91).

A second teacher, John Hofland, responded with an anecdote about his own practice:

Hofland: When | ask questions | usudly have an gpproach in mind. And
they're usudly multiple part questions -- not always part B depending on
getting part A. Thefirgt one might be "What isthe initid momentum?*
and the next might be "What ..." They're kind of in the order in which you
need to do aproblem like that (FTARG meeting 11/7/91).

He continued

Hofland: I’ ve dways used that with hopes that the kids would pick up on
what the approach is but [Fottrell's technique] sounds like it might be a
more formal approach to getting them to do that (FTARG meeting
11/7/91).

While Hofland responded with his own anecdote, it gppears to be part of the process that

he used to come to a better understanding of what Fottrell was describing. When teachers
respond to anecdotes with their own, thereis a sharing of know-how and know-that about
teaching -- the wisdom of practice (Shulman, 1987). The anecdotes add context and begin
to indicate to others how this knowledge is related to the Situations of the tellers, and

there is a growing understanding of their educationa Situations.

Anecdotes were aso followed with questions that fleshed out details of the
anecdote. For example, Tom Woosnam described an activity that his students did that day
inclass

Woosnam: We did afun lab today, one suggested by Hewitt (1987), where
you put acouple of pins through a horizontal candle and you light both



ends of the candle. It turns into a seesaw as the wax mdts (PTARG
meseting 11/7/91).

The other teachers in the group asked questions about how to do the demonstration.
These included questions about the length of the candle, what sorts of pins were used,

and how it was supported. There were also curricular and pedagogical questions asked,
such as what concepts in physicsit was demongtrating and how much information was
provided to the students about what they should expect to see. All of these questions were
being asked so that the teachers could duplicate this laboratory exercise with tharr
sudentsif they so wished.

When the teachers responded to anecdotes with questions that asked for details
about pedagogy or about Situations, they were seeking information that would help make
the knowledge and understanding presented in the anecdotes more useful for them. As
they struggled with trying to make meaning of the anecdotes they found that they needed
information that would enable them to Stuate the anecdotesin their own experiences.

The second type of questioning that followed anecdote-telling took this a step
further. In addition to asking for details, the listeners asked questions that would help
them come to a better understanding of the Situation described in the anecdote. These
questions focused on the understanding that the anecdote-tdlers had of their Stuations.
When this sort of questioning occurred, the conversations shifted in form away from
anecdote swapping and the seeking of additiona detalls, to that of discussions. An
example of this was when the PTARG teachers described the ways that they normally
introduced the concept of dectric charge (December 17, 1991 PTARG meeting).

Aswith many of the other conversations that occurred in the meetings, the
PTARG teachers went around the room in turn to describe how they introduced the
concept of charge. All the teechersintroduced it empiricaly with some sort of
demonstration or |aboratory exercise that demonstrated the static electric force. Lettie
Weinmann preferred to have her students play with strips of acetate and vinyl thet they
charge by rubbing with different materias. She then had them invent explanations for the
various attractions and repulsions that they observed. Larry Hiebart surprised many of the
others by describing how Scotch Magic® Transparent tape could be charged positively
and negetively to give the same sorts of results that \Weinmann got with her acetate and

vinyl.

In each of these cases, the conversation consisted of each teacher describing hisor
her method through anecdote-tdlling and then the others asking questions about details.
When Fottrell and Andria Erzberger told how they firdt introduced the ectric force, the
nature of the questioning changed. They told that they begin by referring to gravity and
the other three fundamental forces, eectromagnetic, strong nuclear, and weak nuclear.
Fottrel continued by describing how he explains that the dectric force is quditatively
different from the others and introduces charge as a rationae for the force. His approach
led the group to discuss the neture of charge, whether the electronisamodd or



something "red,” and when in the physics curriculum it would be best to introduce the
notion of four fundamental forces.

This discussion about how to introduce the concept of eectric charge and force
illustrates three ways that the teachers have responded to each others anecdotes. It dso
illustrates how the responses were mixed together in ways that do not necessary indicate
adevelopmenta process. That is, | am not suggesting that as a collaborative group like
PTARG matures, the responses to anecdotes proceeds from anecdote- swapping to
questioning about details to questioning about ideas. Rather, asthe listeners try to make
meaning of the anecdotes, they do so through sharing asmilar anecdote, asking for more
details about the educationd situations of the tellers, and by asking questions about the
tellers own understanding of their educationa Situations.

Through anecdote-tdling, these teachers have shared their knowledge and
understanding about teaching and their educationa Stuations as part of their participation
in PTARG mestings. Whét this suggestsis thet for at least some of what they know and
understand about teaching, other teachers have been an important source of this
knowledge. This is not an unforeseen result. When teachers have the opportunity to get
together and talk, they talk about what is of interest to them, their schoals, their classes,
and their sudents. The PTARG mestings provided the opportunity for teachers grouped
by subject to tak about teaching and s0 subject matter specific conversation ensued: The
teachers told anecdotes about physics and physics teaching aswell as about more generic
agpects of teaching. While thisis not unexpected, my observations of these physics
teachers engaged in this activity hints a the existence of areddm largely unexplored and
ignored by policy makers: communities of teachers that transcend school borders.

Trying out ideas

Sharing and generating knowledge and understanding through the anecdotes of
othersis only one way that these physics teachers learned more about teaching. Their
knowledge and understanding aso increased by trying out for themsdalves what had been
suggested by others. Many of these suggestions came from the other teachersin the
group, but there was al'so much that came from the wider educationa community
including that of educationa research.

In this section | present several examples of teachers trying out new ideas and
learning from taking those actions. These examples are both of innovations arising from
ingde the group and from sources outsde of the group. Although | am focusing on the
trying out of the ideas as mechanism for the generation and sharing of knowledge and
understanding, anecdote-telling played an important role in making that happen.

|dess originating outside of PTARG
Through hiswork with the California Scope, Sequence and Coordination project
Hiebart came upon the idea of giving his sudents a group examination based on a




problem that asked students how they would respond if an asteroid were on a collision
course with the earth. He firgt told the PTARG teachers about hisidea during the
November 11, 1991 meeting. When he finished, they asked him about how he would put
this exam into operation and what sorts of results he expected fromit. In the meetings

that followed, he reported on how his students responded to it and how useful it wasasan
evauation tool. In areport that he made summarizing his activities during Year 2, he
reported the following:

Hiebart: Just to review, in the first semester of our course, | finished the
dynamics, kinematics unit with my asteroid problem. And the feding that

| got from it was that while it was not a comprehensive review of the unit
it gave me a chance to see students actively involved in problem solving
and usng avariety of methods, some of them obvioudy from the course,
many of them from outsde information that the kids picked up. The
research skills that my students showed, | felt were quite impressve. And
they showed alot of things that | was not fully aware of beforehand. One
of thethingsthat | was redlly surprised a was my ahility to evauate the
sudents while they were working on the problems. And this| think for me
was one of the biggest benefits; just the ability to wander around the room
and watch the students in the process of problem solving. | think | learned
agreat deal more about my students watching them work than | wouldve
ever learned from seeing what they did with paper and pencil. So in that
respect | think that exam was very successful (PFTARG meeting 6/2/92).

This has led to the work that the PTARG teachers were involved in from 1992-94; an
inquiry into an aspect of this sort of assessment device that they find problematic. They
were asking, "What is the connection, if any, between students success with this sort of
problem and their understanding of the forma knowledge of physcs?’

Woosnam hasradicaly changed the structure of his class to one based on theidea
of magtery learning. Ingead of using written quizzes and examinations, he has individua
conferences with students to assess whether or not they have mastered the current
meaterial. He came upon this through his friendship with another physics teacher who has
gtructured his classes on thismodel and has written about it in The Physics Teacher
(Lucido, 1992). Woosnam was initidly attracted to mastery learning because of his
concern that his students were overly anxiousin testing Situations. Early on in the
academic year he read a passage from his research notebook during the October 10, 1991
PTARG meeting describing how his students reacted to the mastery learning conferences:

Thisisthe day of the conferences. | came home with a headache. The
overwhelming impression isthat of the Sressthat the kids fed in the
conference Stuation. They turn white, they shake, [a student] said that she
fdtill beforetaking it. Arghh. Thereis a certain amount of irony here
given that | wanted to take the stress out of the teaching. ... Intense
competition on the part of most of the students. They want to get mastery



as soon as they comein for aconference. The repeats will take alot of my
time...

To hisdismay, he had found that his new method of evauation was causing even more
stress among his students. As the year progressed, however, Woosnam and his sudents
became more comfortable with this new way of doing things. Even so, he found that he
was having problems with mastery learning. In his end of the year summary, Woosnam
asked,

Woosnam: "What am | going to do next year?" is the question. Again
something different as | dways seem to, aswe dl do. Something different
year to year, I'm not going to do it like this. For apractica reason when
you do masteries with groups of kids, and | only have afew kids
compared to public school teachers, it il takes me about 3 days to get
through. While I'm doing the mastery the kids who arerit in conference are
working on something and I'm keeping an eye on them, but it'san
enormous amount of time. I'm not sure that it'sworth it. And | am finding
out now those thingsthat | wish | had done this year that | sacrificed doing
because of thistime that was used ... (FTARG meeting 5/13/92).

He concluded with a statement of understanding of what it is to be an effective teacher:

Woosnam: ... We dl have our own styles that work for us, and there isn't
one Holy Grail of amethod. I'm absolutely convinced of that. The closer
you get to being yoursdf in the classroom, the more effective you will be
asateacher, well | should say, | will be as ateacher, by being mysdlf
(PTARG meeting 5/13/92).

|deas that originated from within PTARG

The PTARG teachers dso tried out new ideas that they heard from othersin the
group. For example, Fottrell had been concerned with a dissonance between his
traditiona physics class and his Conceptud Physics class. What he found was that while
the students in the Conceptud Physics class spent the mgority of ther time attempting to
arive at conceptua understandings of physics, the traditiona physics students spent the
majority of their time engaged in learning to solve numerical problemsin physics He
introduced an idea that he had gotten from Erzberger to shift the emphasisin the regular
physics class towards more conceptua understanding. She had told of how she required
her students to write down the "gpproach” that they used to arrive at anumerica solution.
Thisidea, which she had gotten from a physics text, has the students writing down in
words the way that they will go about solving a numerica problem. Fottrell began to
have his students do the same on their homework so that they would be describing how
they solve problems™... not just start writing down equations and trying to figure out
what to do with them (PTARG meeting 11/7/91)." In early November he reported that

Fottrdll: ... the biggest effect I’ ve noticed is that when it comes time to go
over problemsin class, and | say, "What' s your approach?" people are



garting to give me alot of coherent gpproaches (PTARG meeting
11/7/91).

Later on in the academic year, Fottrell told the group of his experiences with having his
students write out approaches and what he had learned from that:

Fottrell: What | found was that some students were comfortable with this
idea of writing down an gpproach and others were not. And those who
were not, generdly did not do it very much. And those who were, | found,
latched onto it and used it pretty much the year through, especidly in test
dtuations. Mogt of them used it when the problems were difficult and they
were searching around for "How do | do this?' They would redly st down
and write out their steps. I'm not sure how well it necessarily helped them.
.. For those students who were redlly reaching and trying to figure out in
writing their gpproach, it would make very clear [to me] that they had no
idea of what they were doing. They would write out an gpproach and you
could see, "Thisiswhat they’re trying to do and it doesn't make sense.
That's not the way it should be done." Very rardy would you find a
problem where somebody wrote down an approach in full and then went
through and did it dl, and did it dl right. ... And so their gpproach didn't
describe how they would solve the rest of the problem. So sometimesit
redlly helped them, other times, it just showed that they didn't understand
what they were doing (PFTARG meeting 5/13/92).

While Fottrell's adoption of Erzberger's technique did not necessarily give him his hoped-
for results, asthe year went on the other teachers became aware of asimilar dissonance
between their goas to teach conceptua understanding of physics and the students
concern with getting the right answer. Ultimately a concern for students conceptua
understanding led the group to the agreement that their goa would be to develop teaching
methods and assessment techniques that would encourage conceptua aswell as
quantitative learning in dl sudents.

Systematic inquiry

During the academic year, the teachers engaged in one collaborative piece of
research that involved the entire group. This was an investigation into the teaching of the
concept of eectric charge as part of the Towards a Pedagogy of Substance (TAPS)
project. The inquiry had three main components: discussons of the ways that the teachers
introduced the notion of charge; the development of methods to investigate their own
teaching; and an analysis of the data collected.

The method that the teachers created to investigate the students perceptions of
pedagogical representations evolved through anecdote-tdlling and the trying out of idess
from atechnique for checking student understanding. Earlier in the year, Annette
Rappleyea had begun to ask her students to write the answer to the question, "What did



you learn in class today?' on afile card at the end of the class period. She found it useful
asaquick way to judge whether her lessons had been effective. This survey method was
modified by the teachers to assess the utility of the teachers representations for student
learning.

The PTARG teachers agreed to introduce their unit on eectrogatics in the same
way. They would do a smple demondtration, and then ask their sudentsto answer the
same st of questions on file cards. The demonstration was to rub abaloon on their hair
and then gtick it to the classroom wall. The agreed- upon questions were:

1. After you have observed the demondtration, use what you know about
electric charge to explain what has happened.

2. Use the back of this card to describe any additiona details of what you
aready know about electric charge.

At the end of subsequent lessons, the following questions would be asked:
3. State one new thing thet you learned today about eectric charge.
4. What in class helped you learn it?
5. What happened in dlass that you found confusing? Why?

The first two questions were primarily designed as a pretest, to determine the students
knowledge prior to the start of forma instruction in eectrodtatics. Questions 3-5, which
were asked at the end of subsequent lessons, had a dua function. While question #3
served to check on student comprehension and understanding, the latter two were
specificaly oriented towards identifying those representations that were exceptiond in
the students view. During the 3-5 days of introductory lessons on dectrogtatics, the
teachers followed the above procedure, some audio taped their classes, and | observed
severd and gave the teachers my notes of those lessons.

Narrative andyss

The PTARG teachers used two methods of analysisto look at the data that they
collected: narrative and andyticd. The narrative andys's condsted of the teachers
reporting to the others what they had learned by reading through the cards. First the
teachers had sorted through the cards to find examples that they thought were particularly
telling. Then in the PTARG mesetings the teachers read the responses to the group. This
was followed by discussion of the significance of selected responses. That is, the
narrative analysis consisted of the teachers treating the cards as anecdotes, and then
responding to them in the same way that they responded to anecdotes -- with other
anecdotes and with questions.



At an early February PTARG meeting, Rappleyea used narrative anadysis to better
understand how she explained physics concepts to her students:

Rappleyea: | think that these questions are redlly good questions, by the
way. The one, "Write down something that you learned.” helpsthem alot
but it dso helps us to see what they’re learning and whether they get it
correct or not. Also if they have any misconception, that comes out too. In
answer to thisone alot of students said the same thing, that the balloon
was charged positively and that's why they stuck. So they had some idea
that the opposite charges attract (PTARG meeting 2/6/92).

Rappleyeatold the group that on the third or fourth day of the unit she did adipole
problem on the blackboard and then had the class do a mini-lecture exercise. Sheread the
following responses to the question, "What in class hdped you learn it?"

"Teaching another students helped meto learnit.

"I liked having to explain everything. It's more difficult to explain a
problem than just do it.

"The diagram on the board and trying to explain the concept to my partner
forced me to clarify the ideafor myself before | could attempt to explain.

"Practicing out loud helped.

"| learned to try to organize the concept of the dipole in order to be able to
explain it to afdlow student. | found it very vauable to have the
opportunity to do this. From experience, | think | learn better if | try to
explain things (PFTARG mesting 2/6/92).

Severd of the teachers asked Rappleyea about how she did the mini-lectures. They were
interested in how much time she gave the students, whether the students actualy talk
about physics, and how she follows up the activity, that is, the first type of question asked
in response to the telling of an anecdote. But then the questioning changed:

Erzberger: Did you find that people said things hel ped that you didn't
expect to hep?

Rappleyea: Yeah, | was surprised by the students about the mini-lectures.
... Wdll, these studerts are redlly oriented towards problem solving. That's
why | was surprised | got any cards at al [about the mini-lectures|. And
they're very, very shy and they have the hardest time talking to each other.
It would be interesting to try it in other dlassestoo. ... Another thing that
happens with the cards is that you get vaidations, "Everything was
perfectly clear.” ... Or people who said, "I did not understand it when we
first started but | understand it now." | take that as a validation. Also, there



were hints about what to do better. One person said that there were too
many problems on the blackboard at once so 1've been conscioudy trying
to leave enough up there for people to copy but space it out alittle bit
more so there's not so much (PTARG 2/6/92).

Aswith the trying out of idess, the group interaction during the narrative analyss closely
followed the modd of anecdote-tdlling. Rappleyeds description of her use of mini-
lectures first engendered a"how do you do it" line of questions from the other teachers.
But further questions led Rappleyeato criticdly reflect on their usein her practice.

It isimportant to remember that this sort of analysis does not seek to generate
generdizations or to test theories. In the immediate sense, it provided the teachers with
some information about that student. But by andlyzing the response in the collaborative
mode, the question "How does my understanding of this student's response help meto
understand the ways that other udents learn?' was a so answered.

Andytica andyss

The second method of analys's that the teachers used as part of systematic inquiry
isonethat | have labeled andytic, and is one that would be more familiar to educationd
researchers. The student responses were coded and arranged in tabular form, and then
some sort of generdization was looked for in the coding. The was done severd times by
the teachers. Hofland looked closdly at his students responses to the question, "What
helped you understand it?" Fottrell coded a set of responses from his students during
introductory lessons on the nature of light, and | coded a different set of datafrom
Hofland's classes, the students answers to question #3: " State one new thing that you
learned today about electric charge.” A fourth example was an andysis of students
responses to question #4, "What in class helped you learn it?" done by Rappleyea after
she had her students do the mini-lecture exercise describes previoudy. She brought a
table of data (see Table 1) with her to the PTARG meeting (2/6/92):

This data led to the generation of the hypothesis that the students were separating
representations into those that were useful and those that were not. And the key that they
were using was Whether or not those representations would help them to better solve
numerica problems. Of the 46 students who responded to Rappleyea, equal numbers
found the blackboard cd culations and the mini-lecture helpful. A smilar response was
found when | taught alesson for Erzberger's classes. Although | saw the lesson asan
historical gpproach to the discovery of Coulomb's law, the students responded in away
that suggested that they saw the mathematica derivation of Coulomb's law as the most
important part of the lesson.

Therewas a least one sgnificant conclusion that arose from the andysis of the
file card data -- that dthough the teachers had asther primary god that sudents come
away from their classes with a conceptua understanding of physics that could then be
used in everyday life, the students saw the primary god of the classes aslearning how to



solve numerica problemsin physics. Thiswas a hypothesisthat | suggested during the
February 6, 1992 PTARG mesting:

Feldman: So, if we're using the students to probe our teaching ... and what
they'reredly interested in is the mogt efficient way to learn problem
solving, the metaphors, the analogies, what the graph means, is not
important. What isimportant is ... the worked out problem on the black
board.

Thiswas picked up in the writing of afunding proposa, which was done primarily by
Weinmann. Thisthen led to the current PTARG focus on changing the ways that they
asess student learning.

While the systematic inquiry that was done by the PTARG teachers did not
produce the type of knowledge that was expected in the TAPS project, it did serveto
generate knowledge that was of immediate use to the teachers about their sudents. It dso
resulted in the teachers being more knowledgeabl e about research methods and
methodologies. By looking more closdly at their own teaching and how their students
responded to it, they came to a better understanding of their educationa Stuations: the
greater awareness of dissonances between their intentions and how they were percelved
by their gudents. And, findly, the systematic inquiry resulted in the teachers beginning to
change their practice by attempting to reduce those dissonances, and has led to PTARG's
investigation into assessments.

It was the analytic process that was most problematic for the teachers (Feldman,
1993c). For the most part they were comfortable to accept what they could glean from the
narrative inquiry. They did not seeit as an attempt to theorize or generalize, but as away
to come to a better understanding of their teaching, their students, and other aspects of
their educationd dtuations. The analytic method was more suggestive of the scientific
research that they were dl familiar with, either through graduate studies or more
vicariously asteachers of the "scientific method.” As aresult, they were suspicious of
both the data and any claims made from that data. As teacher-researchers they found
themsdvesin aStuation that | have characterized as a dilemma-- they would accept
what they learned through narrative processes that they did not labdl as research, but as
their methods more closely approached that of the sciences, they grew more suspicious of
it (Feldman, 1994).

Discussion

| have shown that the PTARG teachers have generated and shared knowledge
about teaching through three mechaniams: the tdlling, listening, and questioning that
makes up anecdote-telling; the trying out in their own classes of ideas that have come
from others, both from insde and externd to the group; and sysematic inquiry into their
own teaching. What | would like to do now isto show that these three mechanisms are dll



different agpects of action research when it is engaged in collaboratively. | do this
because what | have called enhanced normal practice looks different from the two
common forms of action research practiced in the US: classroom action research and the
teacher-research associated with the Writing Projects.

Asl| noted in my review of action research, classroom action research is organized
around problem solving through the collection and andlyss of data. While the systematic
inquiry that the PTARG teachers engaged was smilar to the methods of CAR, anecdote-
telling and the trying out of ideas would seem to the practitioners of CAR a prelude to
action research. The teacher-researchers of the Writing Projects would find the first two
mechanisms smilar to their own activities. In fact, anecdote-tdling is quite Smilar to
what Lytle and CochranSmith (1990) call ord inquiries. But the writing teachers who
engage in teacher-research would notice the dmogt total lack of writing by the PTARG
teachers. While much of the their inquiry was done through narrative, very little was done
through writing.

Knowledge and understanding

There are two keysto my congtruction of the three mechanisms of enhanced
normal practice as different aspects of collaborative action research. Thefirg isthe
digtinction that 1 make between knowledge and understanding. | began to conceptudize
thisdidtinction as | went about coding and "chunking” my data. | began to redize thet the
conception of knowledge that | was using was problemétic. In the teacher knowledge
literature that | have reviewed, knowledge has the properties of acommodity -- itis
categorical, codifiable, and can be traded or exchanged (Lyotard, 1979). However, much
of what was important to the teachers seemed to be too nebulous or dippery to be put into
ainventory and may be better thought of as understandings, rather than knowledge,
where understanding is the result of meaning making in Stuations (Bruner, 1990;
Heidegger, 1962).

Thisdigtinction can be seen in how the teachers talked about their activities. For
example, there was Hiebert's clam that "one of the biggest benefits [for me wad| ... the
ability to wander around the room and watch the students in the process of problem
solving. | think | learned a great ded more about my students watching them work than |
wouldve ever learned from seeing what they did with paper and pencil.” In this statement
he did not say what it was that he learned about his students, but, if pressed, he could
probably have made alist. He might have noticed how they interact with one another,
whether they were posing and testing hypotheses, or whether they were killed as
researchers. Instead he was gtating that he found that he could learn different things about
his students than he could from paper and pencil assignments. This could be put into the
form of a propositiona statement: Teachers learn more about their students by weatching
them perform a task than through the use of paper and pencil assgnments. But Hiebart
clamed more than this, that when he isimmersad in the Stugtion, in the classroom with
the students working with them in this way, he can use his expertise that has devel oped
through his 20+ year career to better assess his sudents. A similar exampleisthis
gatement by Woosnam: "The closer you get to being yoursdf in the classroom, the more
effective you will be as ateacher.” Thisisin the form of amaxim -- teachers folklorein



propositiona form (Shulman, 1986). Asamaximiit is band, but as ateacher's concluson
from a year-long experiment in pedagogy, it is profound. What makesit soisthatitisa
gtatement of a new understanding of his classroom, his students, and himsdlf as ateacher.
Woosnam has found that in order to improve his practice, to more effectively take
advantage of his expertise, he needs to act more authenticdly.

And findly, Fottrdl's summary of his use of written approaches in teaching
problem solving transcends codifiable knowledge. In fact, Fottrell was awvare of this. As
he began his summary report, he referred back to the comments made by avisitor to a
PTARG medting:

Fottrell: It reminds me of what Peter Posch was talking about last time, he
impressed on me the ideathat it's often more useful, especidly in this sort
of suff, to not give the conclusions buit to tell the whole story because you
can glean so much more from somebody e se's experience hearing the
whole tae then you can if you hear "I've found thet this kind of student
conversation is good and thisis how you should implement.” It'skind of
empty, it loses something (PFTARG meeting 5/13/92).

And so Fottrell told his story of using written gpproaches and described the advantages
and disadvantages in narrative form in order to kegp from "losing something” through an
attempt to transform his understanding into knowledge clams.

What Hiebart, Woosnam, and Fottrell learned as part of trying out ideas in their
classes, and sharing that with the other PTARG teachers through anecdote-telling, was a
combination of knowledge and understanding. It is clear that they learned "chunks' of
knowledge that they could exchange commodity-like with other teachers. But they have
a0 gained a better understanding of themsalves as teachers, an understanding that is
dependent not only on their conscious awareness of their pedagogy, students, subject
matter knowledge, and the other categories of teacher knowledge, but aso on their
accumulated and shared expertise.

Context and Situation

The second key to the congtruction of enhanced normal practice as collaborative
action research comes from the ways that the interactions between people and the world
are conceived. If onethinksin terms of people acting in context, thereis an implied
separation that adds to the codifiability and categorizability of knowledge. The notion of
the individuad being apart of a Stuation, and the teacher a part of an educationd
gtuation, suggests a complex interaction among entities that is not only spatiad but
tempora (Dewey, 1938). The understanding that arises through theimmersionin
gtuaions -- the meaning making that occurs -- is as much a part of the Stuation asthe
person coming to understand it (Dreyfus, 1991; Heidegger, 1962).

By thinking about teachers and their practice being immersed in an educationd
gtuation, it follows that teachers knowledge and understanding is never completely
divorced from their intentions or actions. That is, what teachers know and understand



affects both their gods and how they decide to act in order to reach those goas. Although
there is not a one-to-one relationship between conscious thought and actions (Seerle,
1992), it should be obvious that what a person knows and understands affects the way
that person thinks and reasons about his or her practice. This suggests that when the
teachers of PTARG would listen to another tell a teaching anecdote, the knowledge, or
new understanding, gained by the listeners would affect their intentions and/or actions.
Asareault they might try something in their classes based on what they have learned

from that other teacher in the group. Thisiswhat happened with Fottrell when he began
to have his students write gpproaches to numerical problem solving after hearing
Erzberger tell an anecdote of how she does the same. Similarly, Rappleyea began using
thefile cards to check on student understanding after she heard Woosnam tell an
anecdote that reminded her of aworkshop that she attended in which this technique was
presented. Shetried it out in her classes and reported on in to the group through anecdote-
telling. Her taes of success with the technique prompted othersto do the same. And, in
addition, it became the principa probe in the group systematic inquiry.

What | am arguing is that both anecdote-telling and the trying out of ideas play a
powerful role in generating and sharing knowledge and understanding. It isarole that
goes further than serving as a prelude to research that would lead to other activities that
generate knowledge. In accepting understanding as equivaent in import to knowledge,
these two mechanisms -- anecdote-tdlling and the trying out of idess -- can be seen as
legitimate forms of research. And by recognizing the distinctions between knowledge and
understanding, and context and situation, each of the aspects of enhanced normal practice
-- anecdote-teling, the trying out of ideas, and systemdic inquiry -- can be seen to result
in the generation of knowledge and/or understanding, and are dl legitimate parts of
action research.

What this suggestsisthat a processis occurring that is more complex than smple
story swapping. It istrue that an anecdote told by one teacher was often responded to by
another anecdote, but in doing so a complex mdange of the exchange, testing though
action, and generation of knowledge and understanding was created. This mélange, what
| call enhanced normdl practice, isaway that teachers can improve their practice while
coming to a better understanding of that practice.

Implications of the study

Enhanced normal practice and educational research

The PTARG teachers generated and shared their knowledge and understanding of
teaching and being a teacher through the three mechanisms of enhanced norma practice.
Firg, the tdling, listening to, and questioning of the anecdotes of others supplied a
context that made visible the educationa Stuationsin which the teachers were immersed,
details about particular pedagogica techniques, and ways that they and their sudents




responded to them. Many of the anecdotes were technicd in nature and focused on the
know-how for teaching particular concepts in physics through explanations,
demondirations, experiments, and other representations of subject matter knowledge.
Others were attempts by the teachers to come to a better understanding of how their work
influenced their sudents learning. At times the anecdotes and questioning were about
theoretica issues such as learning theory, the psychology of groups, and the sociology of
education. At other times they reflected a deep ethical concern for their sudents and
othersin the educationd enterprise. In dl cases, the telling, listening to, and questioning

of anecdotes served a powerful role in enhanced norma practice in generating and

sharing knowledge and understanding (Feldman, 1993c).

While this might be dismissed as just "teacher talk” it has important equivaentsin
more traditiona research. There have been many timesthat | have sat in mestings of
research groups when the participants shared anecdotes about their practice as researchers
to illustrate an idea or to "prove apoint.”" As the others listened to the anecdote and
questioned the teller, a deeper understanding occurred for dl involved. The same can be
see when people gather to discuss any sort of issue. Through the discourse that includes
telling, ligtening, and questioning, the participants come to a different understanding and
know something theat they did not know before.

Many who have engaged in this sort of interaction recognize the importance it has
asapart of research. It istypically seen asaprelude, as part of the process, that leads to
other activities that generate knowledge. Instead, | am arguing that the understanding thet
arisesin the discussions among the participants in the research group, whether school
teachers or university researchers, is equivaent in import to the knowledge thet arises
through the more systematic research that may follow.

Second, al of the PTARG teacherstried things in their classroom that were new
to their practice. Some of these ideas were sdlf-generated, some came from othersin the
group, and some from outside sources including other teachers, publications, and
educationd research. While the clam "I never teach anything the same” is often made by
teachers, and was made by severd of the PTARG teachers, what makes the trying out of
ideas a part of enhanced norma practiceisthat it istied to anecdote-tdling. In enhanced
norma practice, teachers not only try out ideas but aso tell anecdotes about them. Their
experiences in their educationa Stuations are shared in this way with others who respond
with questions, and then often try out the ideas themsdves. The sharing and critiquing of
these experiencesin a collaborative setting result in agrowth in knowledge and
understanding about the way those ideas work out in practice and goes beyond what
normally occursin practice.

This, too, plays an important part in traditiona research. Just asin the
collaborative action research of the PTARG teachers, educationa researchers leave their
research group meetings with ideas that they will use to further their research, They try
out those ideas for modifying trestments, data collection and andysis, and theories, and
return to the research group with anecdotes about how it went.



And third, the PTARG teachers engaged in systematic inquiry of their practice, a
process that is most recognizable as research. Teachers who engage in systematic inquiry
into their own practice use the methods of educationa researchersto look carefully a
some aspect of their practice. In doing so they may generate generdizable knowledge
amilar to that of other educationd researchers or they may uncover discrepancies,
dilemmas, or dissonancesin their practice-- asdid the PTARG teachers. And by focusing
that inquiry on their own practice, it immersesit in their educationd Stuations and alows
for another way of experiencing that Stuation, an experience that leads to a different
understanding in addition to any generation of knowledge through a persondization of
the inquiry.

Whileit isthis systemétic inquiry that looks the most like Stenhouse's definition
of research (1975) -- sysemdtic, critical inquiry made public -- if the conception of
knowledge is extended beyond the commodity form to include understanding, then dl the
mechanismsthat | identified and described in this paper that make up enhanced norma
practice can be appreciated as forms of research. Because they dl can result in the
generation and sharing of knowledge and understanding, they are research as Weinmann
has defined it: " Anything that produces new knowledge is research (PTARG mesting
4/20/93)." In addition, by extending the conception of knowledge, action research can be
seen to include both the problem solving through data collection and andyss that typifies
classroom action research and the narrative practices associated with the teacher-research
done in association with the Writing Projects. And, when action research isdonein a
collaborative mode, as in the PTARG mestings, understanding and knowledge can be
shared and generated in away that embeds it in the teachers practice.

Collaboration and the importance of community

It should be clear from the way that | have described enhanced normd practice
that it depends on teachers talking with one another about their practice, and thet the
conversations that occur go beyond a swapping of stories or anecdotesto criticd listening
and questioning. It isthis sort of collaboration among the physics teachers that hel ped
creste new understanding and added to the legitimacy of al aspects of enhanced normal
practice as research. Wheat this suggestsis that for enhanced normal practice to occur and
for it to result in legitimate forms of knowledge and understanding, as well asthe
improvement of practice, it isimportant for it to occur among a group of practitioners
who form a community of practice in which they both "talk about and within" their
practice (Lave and Wegner, 1991, p. 109).

Enhanced norma practice, as aform of research, isagroup activity, a process that
occurs collaboratively within acommunity of practice. That community does not
necessarily need to be congtituted solely to engage in enhanced norma practice, but there
areindicationsin my work with PTARG and other teachers, and from Lave and Wegner's
work, that for knowledge and understanding to grow as aresult of a collaborative effort,
there needs to be a common culture or, as Searle might put it, a shared Background
(1992).



There remains the question of how much that | have identified in the work of
PTARG is dependent on the fact that dl of the teachers were willing to be apart of a
collaborative action research group. There isthe possibility that whet | have seenis
dependent on volunteerism -- that these teachers generated and shared knowledge and
understanding through enhanced norma practice because they are the sorts of people who
can and will do this. | am currently investigating this question in my work with graduate
students enrolled in an action research course, and with teachers taking part in a school
district sponsored action research project.

Collaborative action research and the reform agenda

The success of the current reform agendain science education is dependent on
thousands of experienced teachers changing their practice. It is generally assumed that
this will be accomplished through staff development activities. The prevailing modds of
gaff development that pervade schooling are derived from a process- product perspective
of educationa research (Sparks and Loucks-Hordey, 1990). That is, some treatment is
developed, science teachers are trained to implement it, and then students are tested for
the results of that trestment. When gpplied to the in-service education of teachers, this
modd appears as the training of teachers to implement curricula and pedagogy to
increase student learning (Joyce and Showers, 1983; 1988). When put into practice, this
model is most often redlized as outsder experts coming to schools to ether train teachers
in some new form of pedagogy or to indill them with knowledge derived from
educationa research. While thismodd is being chalenged (Lieberman and Miller, 1991),
thereis ill the suggestion that outside experts need to come into schools to tdll teachers
how to be professionals.

This has been areport of a study that looked at a different form of saff
development -- collaborative action research -- that relies strongly on the expertise of
teachers, and on their abilities to generate and share among themsd ves knowledge and
understanding. This study suggests that for teachers action research to be an effective
part of the reform of science education; that is for science teachers to come to better
understandings of their educational situations, for practice to improve, and for it to be
Hf-sustaining, a different conception of what counts as action research must be accepted.
It is a conception that fitsinto what science teachers normaly do extended to include the
collaborative activities of anecdote-telling, the trying out of ideas, and systemdtic inquiry.
This conception of research is dependent on the acceptance of what | have cdled
understanding asiits product as well as categorizable knowledge. In addition, it should
recognize that for many science teachers, other science teachers are an important source
of the knowledge and understanding that they have about teaching and schodling.

Theimplications of thisfor in-service teacher education are sgnificant. It
suggests that action research operationdized as enhanced normal practice could serve as
amodd of gaff development that will result in teachers both improving and gaining
knowledge and understanding about their practice. Thet is, in-service teacher education
for the reform of science teaching could be organized so thet there is a combination of the
sharing of knowledge about teaching through anecdote-telling, atrying out of ideas about
teaching and learning, and the sharing of new anecdotes or other forms of narrative about



how it went. And, some sort of systematic inquiry could be a part of this process
especidly if the questions that are investigated arise from the dilemmas and dissonances
of practice. What mix of these activitiesin best for teachers professond development is
not clear, but the indications are that the more it looks like teachers practice asit is
currently configured, and the less it looks like university research, asin the reliance on
data collection and analys's of classroom action research, the more likely teachers will do
it. This suggests that the mix should betilted in favor of anecdote-tdlling and the trying

out of ideas, with systematic inquiry coming into play when gppropriate to the Stuation.

Enhanced normal practice and preservice teacher education

The success of the reform agenda is aso dependent upon new teachers engaging
in professona development activities once they arein the fidd. While thishas been a
study of action research done by practicing science teachers, it does have significant
implications for pre-service teacher education. Some form of teacher research is
becoming an integral part of certification and masters degree programs for teachers. In
the former it takes the form of an assgnment thet is done ether during student teaching
or inaprior observationa placement. Action research is presented as a set of stepsthat
one followsto either solve a problem or to generate new knowledge. To the novice
science teacher, it can become an agorithm to be followed to complete the assgnment
and to fulfill the requirements for the credentid. The danger isthat the action research
could become just another "hoop to jump through,” or even more troublesome, it could be
seen as another one of those activities that is a part of teacher education that has no
relaion to the "red world" of practice. The same can be true of action research that is
part of a masters degree program for teachers.

Conclusion

An acceptance of avariety of conceptions of what congtitutes knowledge and
understanding alows for a conception of action research thet isinclusive of and goes
beyond classroom action research and the teacher-research of the Writing Projects. This
coneeption of action research, which remains sdf-developmenta in nature, is of teachers
engaging in enhanced normal practice in collaborative groups, and then making public to
others not in their groups their new knowledge and understanding of their educationa
Stuations. Because anecdote-telling and the trying out of ideas are not far from the
normal practice of teachers, collaborative action research envisioned as enhanced normal
practiceis a process that can be embedded in the practice of teachers and in the culture of
schooling. It isamodd of teachers engaging in collaborative action research by tdlling,
listening to, and questioning anecdotes, by trying out ideas in their classrooms, and then
telling anecdotes about that to other teachers, and by occasiondly engaging in more
systematic forms of inquiry. What this study suggestsisthat if action researchis
reconceptualized as an enhancement of normal practice by the encouragement of
communities of practice in which anecdote-telling, the trying out of ideas, and systemétic
inquiry can occur, then action research as aform of professona development could be
embedded in, and seen asanormal part of, teachers practice.



n=46 cards

cdculaionshdpful - 18

mini-lecture was helpful - 18

no response - 24

Table 1; Students comments about cdass with mini-lectures.

Transformation:
=or itical interpretation
-representation
=adaptation
-taikoring
Comnprehension Instruction
It l
Hew
Caomprehens ion Ewabaation
Reflection

Diagram 1: A modd of pedagogical reasoning (Wilson €. d., 1987)




Diagram 2. Enhanced norma practice as a mélange of activities.
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