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Melvin D. Joeston Ph.D., Vanderbilt University
Virginia Shepherd Ph.D., Vanderbilt University

A huge investment in public funding, approximately 10 million dollars for the
2002 fiscal year, has been dedicated to the implementation of the National Science
Foundation's (NSF) Graduate Teaching Fellows in K-12 (GK-12) program (NSF, 2001).
In these GK-12 programs, graduate level scientists known as Gradua£e Teaching Fellows
(GTF) are placed in K-12 science classrooms to act as resources for science teachers.
The NSF's investment is aligned with reform documents which call for scientists and the
science education community to work together to realize the goal of scientific literacy for
all (American Association for the Advancement of Science (AAAS), 1993; AAAS, 1998;
NRC, 2000; NRC, 1996a; NRC, 1996b). Although much research has been done on
factors that influence science teachers' views of science, and ultimatély the way science
teachers interpret and deliver science content, little research has been done on the impact
that this type of program will have on science teachers' teaching practice.

The purpose of the research presented in this paper is to examine the impact on

the science teachers ihvolved in a NSF GK-12 program. This program was implemented

at a large southeastern university and the local school district. Data were collected on



one cohort for one academic year using qualitative methods of observation and interview.
Literature
The current reform in science education in the United States includes a call for

.scientiﬁc literacy for all Americans (American Association for the Advancement of
Science (AAAS), 1989; AAAS, 1993; AAAS, 1998; National Research Council (NRC), '
2000; NRC, 1996a; NRC, 1996b). Reasons given for the necessity of scientific literacy
include a fairer distribution of economic opportunities and the important role of scientific
and technological understanding to inform public and private decision-making. A key
component of scientific literacy is a sound understanding of the nature of science (NOS)
(NRC, 1996a, NRC 1996b). In this study Lederman and Zeidler's definition of the NOS,
"the values and assumptions inherent to the development of scientific knowledge" (1987,
p.721) will be used. A science teacher's understanding of the NOS plays an essential role
in efforts to improve scientific literacy (NRC, 1996a, NRC 1996b). The view of the NOS
held by the science teacher influences the curriculum offered, which in turn influences
the view of the NOS held by students.

The relationship between teachers' understanding of the NOS and teacher practice
has been studied for over ten years. The result of this research is not consistent.
Lederman and Zeidler (1987) conducted research with 18 teachers from a variety of
contexts and schools examining the impact that science teachers' concepts of the NOS

have on teaching behavior. This study found no direct relationship between teacher's



perspectives of the NOS and teacher behavior. Duschl and Wright (1989) investigated
the manner and degree to which science teachers consider the nature of the subject matter
when making decisions about the planning and delivery of instructional tasks. Although
these researchers found that science teachers did not consider the NOS in their decision
making, they hypothesized that other factors may be inhibiting science teachers' ability to
teach in a manner consistent with beliefs.

Benson (1989) theorized that a science teacher's conceptions of disciplinary
knowledge are reflected in the curriculum he/she teaches, but also are heavily influenced
by institutional factors. Brickhouse (1990) examined the effect of science teachers' beliefs
about the NOS on classroom practice. She found that science teachers differed in their
views of the nature of scientific theories, scientific processes, and the progression and
change of scientific knowledge. However, she found that science teachers' views of the
NOS might be expressed in their classroom instruction. Hashew (1996) focused on
science teacher's epistemological beliefs and the impact they have on teaching. He found
that science teacher epistemological beliefs did influence teaching practice. That is,
science teachers who held constructivist beliefs had common methods of instruction,
assessment, and treated student knowledge differently than those science teachers holding
positivist beliefs. Additionally, further work done by Lederman (1999) examining
factors that facilitate or impede the relationship between teacher practice and

understanding of the NOS, found that there are factors that may impede a teacher's ability
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to teach in a manner consistent with beliefs. Among these factors are teachers' le\vel of
experience, intentions, and perceptions of students.

The works cited above demonstrate that the view of science held by the science
teacher, even when constrained by other forces, impacts how the material is chosen,
presented and interpreted for the students in any given class. This selection, presentation
and interpretation, in turn, influences the way that students accept and acquire
information used to form their own views of subject matter knowledge. These assertions
are further supported by research done on pupils' understanding of the NOS (Soloman,
Scott, & Duveen, 1996) as well as by policy documents (NRC, 1996a; NRC, 1996b; The
National Commission on Mathematics and Science (NCMS), 2000).

The same reform documents that call for scientific literacy urge the scientific and
science education communities to work together to attain this goal of scientific literacy
(AAAS, 1993; AAAS, 1998; National Academy of Sciences (NAS), 1998; NRC, 2000;
NRC, 1996a; NRC, 1996b). The GK-12 programs implemented by the NSF represent
one of the first major attempts to form collaborative partﬁerships between university
scientists and K-12 science teachers working together in the school setting.. Through
these university-school collaborations, the NSF hopes to narrow the gulf between the
world of school science and the world of the scientist by increasing the level of scientific
literacy among the general population while increasing scientists understanding of K-12

science education (NSF, 2000).
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_ The classroom teacher is the vehicle through which reform efforts in education
are realized. Shulman (1987) was the first to conceptualize that classroom teachers had
specialized knowledge, which he termed Pedagogical Content Knowledge (PCK), a
knowledge base of teaching within specific subject areas . The National Board for
Professional Teaching Standards (NBPTS) followed up this conception by articulating
five core propositions that effective teachers possess (Standa;rds, 2001) within the subject
area they teach. The knowledge, skills and dispositions held by the classroom teacher
within these categories influence the delivery of the enacted curriculum. Additionally,
the categories of effective teaching pljovided by Shulman and the NBPTS are
representative of the current standard by which effective teaching is measured. For these
reasons, it is through the lens provided by the NBPTS and Shulman that tﬁis work ié,

reported.

Context of the Study

The GTFs were placed in both high school and middle school science classrooms.
In some of the. settings, the GTFs worked alone with a single teacher called a Partner
~ Teacher (PT). In others the GTFs were paired to work with a pair of PTs. All of the
schools the GTFs worked in had a majority of students that would be considered
disadvantaged.

The GTFs were told tﬁat their role was to collaboratively plan and deliver hands-

on inquiry-based laboratory activities with their PTs. Toward this end a workshop was



held prior to the beginning of the school year in which two experienced teachers worked
with the GTFs and PTs to demonstrate the types of activ_ities that might occur.
Additionally, the GTFs were given access to a large number of hands-on science kits
produced by one of the cooperating university's science outreach organizations.

During the school year the GTFs spent ten hours in the science classrooms
teaching and five hours outside of class planning and preparing lessons. A seminar was
held every other week for the GTFs in which business matters were handled and issues
related to their teaching experiences were discussed. The GTFs were‘expected to turn in
lesson plans of the hands-on laboratory activities they had completed that week during
seminar, whether or not they had developed the activities themselves. The GTFs also
were asked to develop lesson plans within their professional subject area for the entire
academic year that might be used by the other GTFs in the program. Additionally, the
GTFs took two education courses (one per semester).

Methods

Data were collected from August through May from a cohort of twelve GTFs and
10 PTs. Forms of data collection included both informal and formal interviews,
observations of classroom teaching, and observations of PT and GTF interactions. For
this paper, informal means that the data were collected without the aid of récording
equipment or through the use of a collection instrument. Field notes were taken as soon

as feasible after the conversation. Formal, on the other hand, means that the data were



collected with the aid of recording equipment or through the use of a data collection
instrument. Initial data collection took the form of informal interviews with GTFs and
PTs. Additionally, informal observations of classroom interactions between GTFs and
their PTs were conducted. From these informal interviews and observations, formal
interview questions were formulated based on the goals of this particular grant.
According to the grant proposal, these goals for PTs included: 1) an increase in science
content knowledge, 2) an increase in the use of computer technology, 3) an increase in
the use of specific learning tools such as inquiry-based technology, 4) an increase in
communication links with learning communities, and 5) an eﬁhancement of positive
attitudes about science.

Interviews

Interviews conducted for this research were semi-structured in nature. Initial
formal interview questions (See Appendix A and Appendix B) revolved around
individual perceptions of méeting program goals, the impact program participation had
on participants, and on ways the program could be improved. The initial interviews were
then trapscribed and used to generate questions for follow up interviews. In addition,
questions for the second round of interviews stemmed from both formal and informal
observations done of the interaction betweén the PTs and GTFs.

Additional questions for the second round of interviews came from the

respondents themselves. One of the questions used in the second round of interviews
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asked the respondents to identify any questions that they would like to ask fellow
participants. Respondents were then asked to answer their own question. Each
participant's question was then asked of following respondents during their second
interviews. All formal interviewing took place during the second semester of the
GTF/PT collaboration.

Observations-

Informal observations of GTF and PT interactions and teaching were conducted
throughout the school year. In addition, a total of 30 formal narrative observations were
done in varying classrooms on a rotating basis, completed in a manner to ensure an equal
representation of all the contexts in which the collaborations were occurring. All formal
observations were done using a narrative observation form (See appendix C). The form
construction was guided by a series of questions that were developed based on the goals
of this particular program.

Supporting Data Collection

Other data were collected to inform, direct, support or refute findings from formal
data sources.. Among these forms of data collection were GTF written reflections
completed as part of one of the education courses taken by the GTFs. These reflections
were read and used to inform directions taken in formal data collection. Additionally, the
GTFs participated in a biweekly seminar conducted by the program director that focused

on their experiences in the classroom. Discussions during the seminar that focused on
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topics relevant to this paper were also used to inform the direction and development of
data collection.

Data Analysis
Interviews

Formal interviews were analyzed using the constant comparative method
(Erlandson, 1993). The first round of interviews were transcribed and coded using the
program goals for PTs mentioned in the observation section above as a supporting
framework for possible initial categories. The initial coding displayed a large amount of
data in two categories, subject matter knowledge and learning communities.
Additionally, each of the two categories includéd a wide variety of information that
requifed further analysis.

At this point the other sources of data were included in the examination of data to
determine if they coulél provide direction for further analysis. A decision was made to
include all sources of information in one coding session in the hope that the categories of
analysis might become more clearly defined. A second round of coding then occurred.
Categories relating to the following themes were identified: Subject matter benefits and
detriments, Roles, Knowledge of Teaching in K-12 Arena, Students, Learning
Communities, Time/Planning/Impact on GTF, Computer Literacy, and Odds-n-Ends.

The categories were then examined to determine which of these categories

applied to the PTs and which applied to the other participants in this program. At this
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point a decision was made that only three categories clearly contained enough
information regarding the PTs to make any in.terpretations, Subject Matter Benefits and
Detriments, Roles, and Learning Communities. However, the data within these
categories still was not clearly defined enough to make any interpretations.

Questions were then created for the second round of interviews. The questions were
based on information gathered from the initial data analysis as well as from the original
goals of the program for PTs. That is, the second round of interviews followed a path
similar to the initial interviews of focusing on the program goals while at the same time
focusing on unique characteristics identified in the initial round of data collection.

The second round of interviews was then transcribed. Following transcription,
the data were coded using the existing categories as a background while atterriptin gto
pull out distinct differences in the data within each category. As these categories began
to develop, the initial data were re-examined to determine how closely aligned the total |
data collection was to the newly created categories. A decision was then made to only
address findings related to the PTs in this paper and to address other findings related to
the students, GTFs, and the program in other presentations. The following categories -
emerged at this point: Subject Matter Content Knowledge, Pedagogical Content
Knowledge, and Learning Communities.

The final phase of analysis included taking these created categories and

comparing them to the NBPTS five core propositions (Standards, 2001) for teachers and
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Shulman's categories of teacher knowledge that rﬁake up a teacher's PCK (1987). These
documents contain similarland accebted categories of teachers' knowledge. By using
these categories as an outline, the categories, which this paper is based on, emerged from
the data and are reported below. These categories are, Subject Matter Content
Knowledge, Curriculum Knowledge, Knowledge of Learners and Their Characteristics,
and Learning Communities.
Observations

. The obseryations were used to gain an accurate picture of the types of teaching
activities in which the GTFs and PTs were engaged. Areas focused on during
observations included: content cqyered, types of activities implemented, use of computer
technology, roles of the PT and GTF, and the interaction that occurred between all parties
in the classrooms. These observations were instrumental in painting a picture of what
was occurring in the classroom. Additionally, they served the purpose of generating
videas to be explored during subsequent interviews.
Supporting Data

Field notes, journal entries, GTF written reflections, and informal seminar

discussions were used to inform, direct, refute, and/or support findings from more formal
data sources. Additionally, a draft of the Findings Section of this paper was provided to
all the PTS in this cohort as a final member check. Their feedback was theﬁ ilncorporated

into the final version of this paper.
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Findings
Analysis of the data collected demonstrates that PTs working with the GTFs
increased their understanding of teaching science in a number of ways. Analysis of
findings is discussed in terms of Content Knowledge, Curriculum Knowledge,
Knowledge of Learners and Their Characteristics, and Learning Communities. Each of
these categories is mentioned as being important to teaching effectiveness either by
Shulman or in the NBPTS propositions, or both.

Subiject Matter Content Knowledge

The collaboration between GTFs and PTs provided opportunities for PTs' to
increase their subject matter content knowledge. This growth occurred in a number of
forms. One form of this can be seen as a high school PT talks about working with his
GTF. As stated by Guy, a PTteaching high school engineering,

There certainly have been times when I directed toward my

GTF to say, I don't know. Most of the time I'm not

embarrassed to say I don't know in front of the class. And

it is nice having someone that I can refer to and say you

might want to ask the GTF about that.
In this form, the subject matter content knowledge sharing was publicly displayed in front
of the students in the classroom. Carrie, a GTF working on her physics degree, also

frequently encountered this in her collaboration with her PT. During one observation the

PT directed the entire class to listen to an explanation she had given to a small group of
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students. When queried about this incident during one of her interviews she stated,
He [PT] openly admitted to me in our very first meeting
that he didn't have a very strong physics background at all.
He is always asking me, "so could you explain this a little
more? Idon't know this concept. I've never understood it
very much.".... He is not afraid at all to ask me, to freely
admit, "Well I don't know this. Ms. Adkins [Carrie], can
you help us, can you contribute to this?"

During observations of classroom teaching, numerous examples of this

public display of subject matter content knowledge interaction between

the GTF and the PTs were encountered.

These interactions were unique in a number of ways. In these interactions the PTs
were able to interact with subject matter experts on an as-needed basis. Additionally,
these interactions occurred in a setting in which the PT were comfortable, their individual
classrooms, not a science laboratory or a university workshop. Each of the factors
increased the likelihood that the PT's asked questions and gained information of relevance
and importance regarding the curriculums they teach. Additionally, both GTFs and PTs
agreed during interviews that this was one of the major benefits for the PTs in these
collaborations.

These public displays not only provided opportunities for PTs' to increase subject
matter content knowledge, they also provided an excellent example for the students in

these classes of a type of collaboration between scientists and science educators

encouraged by recent science reform initiatives. Collaboration is one element of a
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learning community, another category of teacher knowledge. Through these public
displays, students in these classes were provided with models of scientific interaction that
were more realistic than those typically encountered in a school science classroom.
Some examples of opportunities for growth in PTs subject matter content

knowledge were not so public. When questioned about subject matter content
knowledge, Don, a GTF working on his chemistry degree, states that he and his PTs'
subject matter content knowledge conversations occurred in less public forums.

He claims his chemical background is pretty rudimentary

so he looks to me to ask about the periodic table and trends

and why those things are, but mostly it's behind, in the

absence of students. Just for his own sake of being able to

explain to them what these concepts are. '
The same phenomena is reported by Carrie,

So when a particular topic is coming up, sometimes I kind

of explain it a little more or whatever and try to enrich his

content. So that when he interacts with the kids as well he

can kind of have a better understanding.
These statements from the GTFs are supported by interview data collected from the PTs.

PTs reported growth in subject matter content knowledge, especially those areas

in which they felt they were weakest. As stated by Kim, a middle school PT,

I do have weaknesses, like geology is not one of my strong

suits. Did they help to increase my knowledge? Yes they
did.

In this form, the GTFs acted as a sort of tutor, assisting the PTs in building a broader base
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of undefstanding relating to the subject matter content they teach. Additionally, this type
of céllaboration between scientists and science educators also highlights a form of
collaboration encouraged in recent science reform initiatives.

The analysis of the data discussed above demonstrates that PTs working with the
GTFs in this context experienced increased opportunities to enrich their understanding of
subject matter content knowledge. This occurred in at least two forms, public and
private. The public displays highlight for all the stakeholders involved a form of
collaboration that is supported by documents dedicated to the reform of science education
in America. The second form, private, served to increase opportunities for the PTs in
these collaborations to enhance their understanding of the subject matter content. This
increased understanding of subject matter content knowledge on the part of science
teachérs is also highlighted in reform documents as a necessary element in improving the
scientific literacy of all Americans.

Curriculum Knowledge

PTs in these collaborations also report they benefited from increased opportunities
to enhance their knowledge of the enacted curriculum found in materials apd methods for
instruction. Anita, an experienced middle school teacher talks about curriculum
knowledge during her final interview.

That is the other thing I think I've learned from them.

There are some really simple ways to adapt things. When
you're first looking at an experiment to try and you're

17



thinking, "there's no way I can do this." They've [GTF]

shown me that there are real simple ways to do things that

are not that hard.
These commcnts exemplify the types of comments made by PTs regarding the manner in
which these collaborations assisted them in thinking about improvement of specific
lessons or materials.

Sandy, a high school Biology teacher, echoes this type of curriculum knowledge

enhancement when she says,

I've gotten some good ideas on some new exercises or well,

just things that I've had ideas but just didn't have time to

develop.... He's added to my exercises for my students

tremendously.
Alex, a high school GTF who worked with Sandy supports this interpretation. During
one of his interviews he says,

Because she just doesn't really have as much of the

knowledge in that area [DNA technology] that I have. And

I think I brouglit some things...to the classroom that

wouldn't have been done in the classroom otherwise. I

think maybe I helped reinforced the importance of that.

In addition to the enhancement of specific lessons or materials, PTs also indicated

that these collaborations influenced larger issues related to curriculum knowledge. For
example, Anita talks specifically about her view of the subject matter she teaches when

asked how this collaboration has influenced her subject matter knowledge. She states,

I don't know that I've learned more based on subject matter,
but I sure learned how to approach the subject matter in
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different ways.
Evidence to support this type of curriculum knowledge growth is found in interviews
with GTFs as well as from observations of GTF and PT interactions.

Analysis of these data indicates that this type of collaboration enhanced
opportunities for PTs to discuss and reflect on their curriculum knowledge. Some of
these interactions dealt with the enhancement of specific lessons or materials. Other
interactions focused on teaching methods and techniques for improving student
understanding.

Knowledge of Learners and Their Characteristics

Analysis of the data indicates the PTs in this study experienced opportunities to
grow in areas related to kﬁowledge of learners and their characteristics. This lead PTs to
reconsider their own methods and styles of teaching. For example, these opportunities
influenced the way that the PTs considered students as they thought about the sequencing
of material and the structuring of content delivery.

When asked about the impact of the GTF collabofation on her students, Anita
discusses her own growth and how it has impacted her th'inking about science.

- It's changed the way I look at science. Iused to look at
content first and lab second and now I look at lab first and
then what content I need. So I think that is another impact

for me and the students.

These comments reflect a change in teaching practice that indicates a change in belief
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about how students learn, that experience precedes knowledge. The intention of the
change was meant to improve her students' understanding of science. This change in
thinking related to her students demonstrates a better understanding of her students and
how they learn science. These comments are representative of those made by other PTs
focusing on students and how they best learn science. These comments were also
supported by GTF interview data as well as by observations of changes in PT practice.
Additional evidence to support increased thinking about students' and how they

learn on the part of PTs is found during interviews with GTFs working in other schools.
For example, Lamar, a Biology GTF, discusses this when asked about opportunities to
discuss teaching issues with his PT. He says,

I think so...he's [PT] been talking about being more

structured and methodical in his approach.... So I guess,

just based, especially with the way Jamil [GTF] comes to

class...he [PT] sort of saw what he [Jamil] was doing and

the way the kids responded.
In this instance, the PT became aware of instructional techniques that were of interest to
students and how the techniques improved student understanding.

In this form, working with the GTFs has directly influenced the growth that

occurs in the PTs' thinking related to learners and their characteristics. These
collaborations have provided the impetus for the PTs to share their dissatisfaction with

their current conceptions of their students and what constitutes effective teéchjng of those

students. This dissatisfaction with current conceptions of effective teaching is an
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important indicator of thé possibility for change on the part of the PTs. Work on
conceptual cl‘langc indicafés that the first step in undergoing a conceptual change is
dissatisfaction with existing conceptions (Posner, Strike, Hewson, & Gerzog, 1982). This
form of growth is an indicator of the potential these collaboration have for influencing
future teacher development and practice.

Analysis of this data indicates evidence of PTs' growth in areas related to
knowledge of learners and their characteristics. Anita decided to restructure'the delivery
of content, providing the experiences before the presentation of content. The PT working

" with Lamar and Jamil decided to reorganize his own classroom structure after witnessing
the success enjoyed by his GTFs teaching in his class. Perhaps most important of all
though, is the evidence that these collaborations may influence aspects of the PTs'
knowledge base of teaching.

Learning Communities

Involvement. in this GTF program influenced the opportunities these PTs had to -
participate in learning' communities dedicated to improving the quality of science
instruction. This involvement will be discussed in terms of three levels of participation.
The first level is the level of the classroom. For the purposes of this paper this category
shall be called Within Class Learning Community. In this level the PTs had
opportunities to interact with kn;)wledgeable others regarding teaching science within

their own context, the individual classroom. The second level is the level beyénd the
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individual classroom called Between Class Learning Community. In this levél the PTs

had opportunities to interact with knowledgeable others regarding the teaching of science

beyond the individual classroom. The third level, University Level Learning

Community, is the level in which PTs established contact with scientists and educators at

- the university level. This level includes interaction that éccuned as a direct result of
involvement in this GTF program as well as interaction that occurred as an indirect result
of in\"olvement in this program.

Analysis of data indicates that one of the main features of this program was the
opportunity for PTs to interact with knowledggable others regarding their own teaching
practice. As mentioned above, a number of PTs indicated they had learned about their
own teaching from interaction with the GTFs. Alice questioned her own personal
philosophy of téaching, deciding that laboratory activities should precede the delivery of
content. Matt, a PT working with Lamar and Jamil, ;econsidered his own style of
instructional delivery, deciding that a more structured approach might best benefit his

- students. Both of these changes came as a direct result of in-school collaboration
between a scientist and a science educator focusing on the planning and delivery of
hands-on inquiry based laboratory activities.

The GTF interviews also support the importahce of these interactions with PT's as
being a key element in these collaborations. When asked to give recommendations for

future GTFs, Don talks about the importance of developing an interactive relationship

22



with his PT. He says,

I'd tell them [GTFs] to make sure they have a really solid

foundation with your teacher.... There are differences in

reactions and that point needs to be distilled. If you're

coming from two different approaches to things, high

school teacher versus researcher, one person's constantly

thinking about simplifying things. The other person is

trying to understand deep fundamentals of some random

scientific thing.
These comments are representative of the types of comments made by several GTFs
regarding the discussion of science and science teaching related issues. These discussion
issues ranged in focus from the teaching of science (i.e. classroom management) to
information relating to highly debated issues among the scientific community (i.e. the use
and application of DNA technology). These are examples of the type of involvement in
Within Class Learning Communities the PTs experienced due to participation in this GTF
program.

PTs also indicated that participation in the program led to increased opportunities
to interact with others regarding their own teaching practice beyond the classroom level.
When asked about increased professional development opportunities, Kim states,

I think with the whole program, I thought this summer .
[orientation workshop] was very beneficial....To me that
was an opportunity for me to meet other teachers.... I
thought that was very beneficial to me, just meeting those

other science teachers.

This GTF program afforded PTs the opportunity to interact with others about their
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own teaching and issues related to science and the teaching of science. There are
multiple types of opportunitiés these PTs had to become involved in learning
communities focused on the teaching of science beyond the classroom level. The
opportunity to meet and work with the other science teachers in the program, and the
opportunities to reflect on their teaching in interviews and discussions regarding this GTF
program are examples of this. In these interactions, the development of a community of
learners occurred between people who worked at'the clagsroom level, yet within differing
contexts. Theéé interactions are also representative of examples of involvement in
Between Class Learning Communities that occurred as a direct result of participation in
the GTF program.

Data analysis-also indicated that the PTs in these collaborations established
connections to University Level Learning Communities. As sfated by Anita when asked
about opportunities to participate in scientific learning communities,

The other thing that has helped a lot was just working with
the university. I have someone at the university I can call,
even if it wasn't a GTF.... There are a lot of people out there
willing to help that we just are so used to not having that
- we just don't even think to call.
Sandy echoes this idea. When asked about increased opportunities to participate in
scientific learning communities because of her involvement with the program she states

the following,

I think so. Just because my name is out there more. The
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university has called me, and the SEPUP program, I don't
think I would have gotten involved in that.
These comments exemplify typical comments made regarding increased
involvement in learning communities at the university level.

PTs in these collaborations developed connections outside of the classroom dﬁe to
their involvement with_ the GTF program. Several shared professional development
opportunities that came about as a direct result of involvement in the program. Among
these were opportunities to become involved in classroom video conferencing‘
technology, science workshops, and curriculum development. Additionally, the PTs - -
reported involvement between their classroom students and the local universities
increased as a result of participation in this grant. Included in these were opportunities
for students to participate in science competitions, field trips and video conferencing.

Involvement in this GTF program influenced the opportunities these PTs had to
participate in scientific learning communities. This involvement occurred on three levels
of participation. The first was the level within classrooms called Within Class Learning
Community. In this level the PTs had opportunities to interact with knowledgeable
others regarding teaching science within their own context, the individual classroom.
The second level was the level beyond the individual classroom, called Between Class
Learning Community. In this level the PTs had opportunities to interact with science

educators working in various contexts regarding the teaching of science. The third level

was the level of involvement in University Level Learning Communities. This level
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increased opportunities for the PTs and their students to interact with those interested in
science education at the university level. This level includes interaction that occurred as
a direct result of involvement in this GTF program as well as interaction that occurred as
an indirect result of involvement in this program.

Conclusions
Summary

A huge investment in public funding has been dedicated to the implementation of
the NSF's GK-12 programs. The NSF's investment illustrates their position that these
types of collaborations are important to the improvement of science education. However,
little research has been done on the impact that this type of collaboration will have on
science teachers' teaching practice. Science teachers are the main vehicles by which
systemic reform will be implemented. The knowledge, skills and dispositions held by the
classroom teacher influences the delivery of the enacted curriculum.

This study details the impact on the science teachers in a GK-12 program; a NSF
funded initiative designed to improve the quality of K-12 science teaching. PTs
experienced opportunities to increase their subject matter content knowledge. This
occurred both publicly and privately.

PTs in these collaborations benefited from enhanced opportunities to increase
their curriculum knowledge. In one form this lead PTs to gain knowledge related to new

or better methods to highlight a concepf or idea.



PTs also became involved in learning communities on three levels: within
classrooms, between classrooms and with the university scientific community. These
categories are consistent with types of teacher knowledge identified both by Shulman and
by the NBPTS.

Implications

The findings of this research highlight the need to examine in more depth three
groups influenced by these collaborations, the science teachers, their students, and the
scientists. This research suggests that the PTs involved in these coliaborations
experienced change in a number of areas related to th_eif knowledge of teaching. Further
research needs to be done which examines how sustainable these changes are.
Additionally, research needs to be done which explores how these collaborations
influence teacher theory and practice after the departure of the GTFs from their
classrooms.

Additional studies on the GTFs and the students in these classrooms need to be
implemented. This research suggests a change in PTs due to this collaboration. A logical
question then becomes, how does this impact the students in these classes? Do these
collaborations influence students understanding of the nature of science? Do these
collaborations raise student scientific literacy so often mentioned as a goal of science
education and reform minded programs?

Finally, work examining the influence of these experiences on the GTFs needs to

oo
~J



be conducted. Recent calls for scientists to enter the classroom have come from a
number of stakeholders involved in the most recent science education reform movement.
Additionally, the NSF has implemented a number of programs including the GK-12
programs that place scientists in the classroom. Part of this emphasis is focused on
improving scientists' relationships with, and ability to work in, K-12 schools. Work
examining how successful these programs are in increasing scientists involvement in, and

understanding of, K-12 science education also need to be done.

This paper was partially supported by National Science Foundation grant number DUE-9979578.
Findings are those of the author and not the National Science Foundation.

References

American Association for the Advancement of Science. (1989): Science for all
americans: A project 2061 report on literacy goals in science, mathematics, and
technology. Washington D.C. AAAS Publications:

American Association for the Advancement of Science. (1993). Benchmarks for
scientific literacy. New York: Oxford University Press.

American Association for the Advancement of Science. (1998). Blueprint for
reform: Project 2061. New York: Oxford University Press.

Benson, G. D. (1989). Epistemology and science curriculum. Journal of
Curriculum Studies, 21(4), 329-344.

Brickhouse, N. W. (1990). Teachers' beliefs about the nature of science and their
relationship to classroom practice. Journal of Teacher Education, 41(3), 53-62.

Duschl, R. L., & Wright, E. (1989). A case study of high school teachers' decision
making models for planning and teaching science. Journal of Research on Science
Teaching, 26, 467-501.




Erlandson, D., Harris, E. L., Skipper, B. L., & Allen, S. D. (1993). Doing
naturalistic inquiry: A guide to methods. Newbury Park, CA: SAGE.

Hashweh, M. Z. (1996). Effects of science teachers' epistemological beliefs in
teaching. Journal of Research in Science Teaching, 33(1), 47-63.

Lederman, N. G., & Zeidler, D. L (1987). Science teachers' conceptions of the
nature of science: Do they really influence behavior? Science Education, 71(5), 721-734.

Lederman, N. G. (1999). Teachers' understanding of the nature of science and
classroom practice: Factors that facilitate or impede the relationship. Journal of Research
in Science Teaching, 36(8), 916-929.

National Academy of Sciences. (1998). Agriculture's role in k-12 education:
Proceedings of a forum on the national science education standards: EDRS425 832.

National Research Council. (1996). National science education standards.
Washington D.C.: National Academy Press.

National Research Council. (1996). The role of scientists in the professional
development of science teachers. Washington D.C.: National Academy Press.

National Research Council. (2000). Inquiry and the national science education
standards: A guide for teaching and learning. Washington D.C.: Center for Science,
Mathematics, and Engineering Education, National Academy Press.

National Science Foundation. (2001, June). NSF graduate teaching fellows in k-
12 education (GK-12). (National Science Foundation). Available
at:www.nsf.gov/home/crssprgm/gk12/.

The National Commission on Mathematics and Science. (2000). Before it's too
late: A report to the nation from the national commission on mathematics and science
teaching for the 21st century (EE0449P). Washington: U.S. Department of Education.

Posner, G. J., Strike, K. A., Hewson, P. W., & Gerzog, W. A. (1982).
Accommodation of a scientific conception: Toward a theory of conceptual change.

Science Education, 66(2),211-227.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform.

23



Harvard Educational Review, 57(1), 1-22.

Soloman, J., Scott, L., & Duveen, J. (1996). Large-Scale exploration of pupil's
understanding of the nature of science. Science Education, 80(5), 493-508.

Standards, N. B. P. T. S. (2001, August 13). National Board for Professional
Teaching Standards-Five Core Propositions, [webpage]. National Board. Available at:
http://www.nbpts.org/.

Appendix A

30



Initial Formal Partner Teacher Interview Questions

1) Have you learned anything new about your subject area as a result of working with the

2) One of the goals of the Graduate Teaching Felldws program is to increase the use of
computer technology by the participating teachers, to what degree has this occurred in
your situation thus far?

3) In what area(s) has the increased use of computer technology been most apparent,
during instruction, for record keeping, or in some other manner?

4) Ybur Graduate Teaching Fellow is a member of a learning community of scientist.
How has your involvement with the Graduate Teaching Fellows program impacted your
communication with this learning corhmunity?

5) How has your professional development been impacted by your involvement with this
program? Explain.

6) What recommendations would you make to a teacher who is considering working with
a Graduate teaching Fellow next year?

7) In what ways has this program been a benefit to your students?

8) In what ways has this program been a detriment to your students?

9) Describe the students' reactions to working with a scientist.

Appendix B
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Initial Formal Gfaduate Teaching Fellows Interview Questions

1) How has your training as a scientist prepared you for this experience as a teacher?
2) What has been the greatest obstacle or obstacles in transforming your science
knowledge into an appropriate form that your students can understand?

3) Pedagogical Content Knowledge is, brieﬂy stated, a name given for the ability of a
teacher to makg subject matter ﬁnderstandable to students. In what ways has this
experienced impacted your Pedagogical Content Knowledge of science?

4) Describe how you and your cooperating teacher communicate about subject matter
issues.

5) Has this program impacted you view of teaching? How?

6) What has been the biggest sdrprise so far regarding teaching?

7) One of the goals of the Graduate Teaching Fellows program is for the Graduate
Teaching Fellows to develop an appreciation for the professionalism of teachers.
Describe what impact you think this program has had on you regarding this goal.

8) What recommendations would you give to a future GTF fo help her/him make the

transition to a secondary science (middle or high school) classroom?

Appendix C

32



GTF Observation Form

Subject Area

Describe the content covered during class.

List the types of activities implemented during class.

Describe how computer technology was used during this class.

Describe the role of the Partner Teacher during class.

Describe the interaction between the Partner Teacher and the Graduate Teaching Fellow.

Describe the interaction between the students and the Graduate Teaching Fellow.
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