SCIENTIST-TEACHER PARTNERSHIPS AS PROFESSIONAL DEVELOPMENT:

AN ACTION RESEARCH STUDY

By

MEREDITH HARRIS WILLCUTS

A dissertation submitted in partial fulfillment
of the requirement for the degree of

DOCTOR OF EDUCATION

WASHINGTON STATE UNIVERSITY
College of Education

MAY 2009

© Copyright by MEREDITH HARRIS WILLCUTS, 2009
All Rights Reserved



© Copyright by MEREDITH HARRIS WILLCUTS, 2009

All Rights Reserved



To the Faculty of Washington State University:

The members of the Committee appointed to examine the dissertation of
MEREDITH HARRIS WILLCUTS find it satisfactory and recommend that it be

accepted.

Gail Furman, Ph.D., Chair

Paul Goldman, Ph.D.

Joan Kingrey, Ph.D.



ACKNOWLEDGMENT

Without the unwavering support of my family, colleagues, and friends, this
process of deeper reflection into my passion around professional development for teachers of
science would not have been possible. To my husband, Terry, you constantly sacrificed to allow
me the time | needed to walk this path, and understood when my focus was squarely on the
research. | know you celebrate with me in the joy that this part of the journey is coming to an
end but | also know that you realize how important this road was for me to travel. To my
children, Bradley and Mary Caitlin, your willingness to listen and to celebrate the small
milestones was always greatly appreciated. To my father, Bill, my loyal sisters, Jane and
Elizabeth, and my Aunt Martha, my thanks are in the recognition that you were my constant
cheerleaders, believing that I could indeed complete this journey.

To Kim Fowler and Eric Nyberg, lead scientist-mentors on the partnership project, your
willingness to wrestle with the findings and stay with the project has inspired me. The first
summer’s knocks bruised our egos but, the research around them has made partnerships better in
the end. You have become skilled educators. To the middle school teachers who engaged as co-
researchers, | thank-you for so naively entering into this action research idea and for providing
me with your candid and brutally honest reflections. Because of your tenacity, we have created a
partnership program design for the future.

Finally, to Dr. Gail Furman, thank-you for being the consummate educator you are. You
have forever changed me through your amazing ability to quietly demand scholarship and
excellence. You have engaged me in some of the most exacting thinking of my career as a
teacher and a professional development provider. 1 am wiser for your impact in my life and

certainly more thoughtful about the power of action research.



SCIENTIST-TEACHER PARTNERSHIPS AS PROFESSIONAL DEVELOPMENT:

AN ACTION RESEARCH STUDY

Abstract

By Meredith Harris Willcuts, Ed.D.
Washington State University
May 2009

Chair: Gail Furman

The overall purpose of this action research study was to explore the experiences of ten
middle school science teachers involved in a three-year partnership program between scientists
and teachers at a Department of Energy national laboratory, including the impact of the program
on their professional development, and to improve the partnership program by developing a set
of recommendations based on the study’s findings. This action research study relied on
qualitative data including field notes recorded at the summer academies and data from two focus
groups with teachers and scientists. Additionally, the participating teachers submitted written
reflections in science notebooks, participated in open-ended telephone interviews that were
transcribed verbatim, and wrote journal summaries to the Department of Energy at the end of the
summer academy. The analysis of the data, collaboratively examined by the teachers, the
scientists, and the science education specialist acting as co-researchers on the project, revealed
five elements critical to the success of the professional development of science teachers. First,
scientist-teacher partnerships are a unique contribution to the professional development of

teachers of science that is not replicated in other forms of teacher training. Second, the role of



the science education specialist as a bridge between the scientists and teachers is a unique and
vital one, impacting all aspects of the professional development. Third, there is a paradox for
classroom teachers as they view the professional development experience from two different
lenses — that of learner and that of teacher. Fourth, learning for science teachers must be
designed to be constructivist in nature. Fifth, the principles of the nature of science must be

explicitly showcased to be seen and understood by the classroom teacher.
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Chapter 1
INTRODUCTION

This is a report of an action research study conducted at the Department of Energy’s
(DOE) Pacific Northwest National Laboratory (PNNL) in Richland, Washington, during 2007-
2008. PNNL sponsors professional development programs for K-12 teachers that involve
partnerships between scientists and teacher participants. The program that is the focus of this
study involved middle school teachers in a two-week summer academy for each of three
consecutive summers starting in 2007. | am employed by PNNL as a Science Education
Specialist and had responsibility for coordinating this scientist-teacher partnership program
overseeing all aspects of the program’s success for both classroom teachers and scientist-
mentors.

The overall purpose of this study was to (a) explore the experiences of middle school
science teachers involved in a partnership program between scientists and teachers at PNNL,
including the impact of the program on their professional development, and (b) to improve the

partnership program by developing a set of recommendations based on the study’s findings.

A Call to Action
In the last several decades, science education and the need for a scientifically literate
citizenry have received renewed attention in the United States. Our country is now part of a
global community in which other nations increasingly compete for international standing and a
share of the global market. This contest is not just for products but also for intellectual property
— the ideas that can come from a well educated population of scientists and engineers. However,

in recent years, it has been difficult for the United States to keep up with the demand for both



well-trained scientists and engineers as well as the teachers who are needed to prepare them
(NRC, 2007).

Today, K-12 teachers must be qualified to teach science, technology, engineering and/or
mathematics (STEM) in an environment characterized by a highly diverse student population and
the highest education standards ever set in the U.S. (Michaels, Shouse, & Schweingruber, 2008).
The K-12 education system struggles to “feed the pipeline” with talented, scientifically literate
men and women who are qualified to work as scientists and engineers. There is a sense of
urgency in regard to encouraging young people to choose the fields of science, technology,
engineering or mathematics and to cultivate the teachers needed to prepare them well.

Science Education Reform

In examining the history of the United State’s science education system, many point to a
critical moment that created a heightened interest in science education reform (AAAS, 1993;
Dickson, 2007; Michaels et al., 2008; NRC, 2007). On October 4, 1957, a first in a series of
satellites collectively known as the Sputnik Program was launched by the Soviet Union. It was
the world’s first Earth-orbiting artificial satellite, and the announcement of its success took the
United States by surprise. The concern that the Soviets had beaten Americans into space sparked
a revolution in science education in the U.S. America’s scientific community, which had long
been pushing for a new direction in science education, seized on the national mood to rejuvenate
the curriculum being taught in schools. Washington journalist Paul Dickson, in his book Sputnik:
The Shock of the Century (2007), tells of the pivotal moment when the federal government
infused more than a billion dollars in science education through the National Defense Education
Act of 1958. The intent of this act, and other initiatives, appeared to be that scientists and

teachers would begin to work together to improve science education. Because scientists knew



little of the realities of teaching, and teachers knew relatively little about the content and practice
of science itself, each could learn from the other in partnership while working together on
National Science Foundation funded curricular projects (Bybee, 1997).

The science education reform projects that emerged from the 1950s to the early 1970s
focused on developing new science teaching materials and methods that were not textbook-
based. The National Science Foundation funded curriculum-writing projects at universities as
well as pilot testing new approaches in the field. First to be published were secondary science
programs, and soon to follow were the programs for elementary and middle school levels.
Among the most widely used programs were the Science Curriculum Improvement Study
(SCIS), Elementary Science Study (ESS), Conceptually Oriented Program in Elementary Science
(COPES), and Science: A Process Approach (SAPA), often referred to as the “alphabet soup
programs” (Bybee, 1997). These programs provided teachers with science activities that focused
on important science content and engaged students with hands-on learning. The supporting
teachers’ guides included the activities themselves and the science content background the
teachers needed to teach the activities.

While there was widespread opportunity for the science community and science educator
community to support the reform-based programs, they were never widely adopted by U.S.
schools. In fact, only a quarter of schools ever used any of them (Weiss, 1987). Activity
oriented science seemed to be all the rage nationally, and in some communities, traditional
textbooks were set aside. But the majority of schools across the country were not impacted by
these reforms for several reasons.

One of the reasons for the lack of implementation was teacher preparation. To

implement these new programs, teachers needed mastery of both science content and appropriate



pedagogy to conduct an activity-based, discovery-oriented program. While federal funding
provided opportunities for professional development for K-12 teachers, this new way of teaching
represented a paradigm shift that few teachers were willing to make. Although some school
districts did adopt the new programs, they retreated back to their former practices by the early
1980s, when the back-to-the-basics movement put science education once more on the back
burner. The traditional science textbook was again the dominate guide in the science classroom
at all levels of K-12 schooling.

However, with the publication by the National Commission of Excellence in Education
of A Nation at Risk, in 1983, which called for more rigorous and measurable standards, the tide
changed. In 1989, the American Academy for the Advancement of Science responded to the
report by releasing Science for All Americans (AAAS), which created a vision of the knowledge
a scientifically literate person should possess. In 1993, AAAS produced a companion report,
Benchmarks, which specified how students should progress toward that science literacy. The
latter publication recommended what students should know and be able to do at three year
intervals (K-2, 3-5, 6-8, and 9-12). Together, the two AAAS publications helped bring K-12
STEM education back towards the front burner.

Following on the AAAS work, the National Research Council (1996) promulgated the
National Science Education Standards connecting the two AAAS publications into a document
that paints a picture of effective science instruction from elementary school through high school.
It is from these standards that states across the United States have built their own state standards
and assessment systems in the wake of the federal government mandate in 2001 of the No Child

Left Behind act.



In looking back at this relatively recent flurry of activity in science education, one would
think that the educational system would be producing an adequate number of scientists and
science teachers. But, according to F. James Rutherford (1998), instrumental in the writing of
the AAAS publications, school districts all across the United States continually struggle to find
qualified teachers to teach in STEM classrooms. Rutherford talks of four lessons often forgotten
in preparing teachers of science. The first is the lack of focus on the attainment of long-term
educational goals caused by reacting only to immediate crises. For example, in the 1950s, the
United States feared lagging behind in an international space race while today this country
should be motivated by international trade competition. Second, according to Rutherford, a
period of inaction occurred after the initial reaction to the launch of Sputnik. Instead of a
continual movement forward, the country turned to a quick fix with science curricula and
standards forgetting that true reform takes decades of continuous effort. Third, the federal
government can play a definitive role in reform but needs to continue funding reform efforts.
Many localized school districts were unable to pick up the tab for the professional development,
teaching materials, and hiring needs that accompany a reform effort such as this. Finally, the
fourth lesson is that the education of all students is important to consider. In the 1950s, the
nation focused efforts on preparing teachers to teach those students seen as potential first-rate
scientists and engineers. Today’s school system is made up of programs designed to be more
inclusive than in the past. All students in the K-12 system should have equal access to science
education, but needed are teachers who understand science, how students think about and learn

science and what a teacher needs to know to be able to teach science proficiently. Michaels,



Shouse and Schweingruber (2008) note:

If teachers are to create rich science learning experiences for their students, they

themselves need to be supported to become learners and investigators of the science they

teach, of their students’ thinking, and of the best ways to orchestrate their students’

learning of complex concepts, tools, and practices. (p.163)

Professional Development

Well designed professional development plays a key role in helping to produce the
teachers who understand the scientific content and technological pedagogy required to transform
teaching practice in the K-12 science classroom. But the current state of professional
development for science teachers is less than ideal. Susan Loucks-Horsley et al. (2003)
characterize professional development in four ways:

(a) significant numbers of teachers have few or no professional development

opportunities; (b) a large percentage of the opportunities come in the form of workshops,

courses, and institutes that may not be appropriate to the learning goals nor provide

sufficient support over time for teachers to apply what is learned in classrooms; (c) a

focus on individual development, one teacher at a time, places no attention to

organizational development; and (d) some pockets of innovation occur, but with minimal

means for greater impact, both within their own system or beyond. (p.xviii)

There is little dispute in the research community that improving teaching and learning
depends on sustained, high-quality professional development (Darling-Hammond, 1997; Loucks-
Horsley et al., 2003; NSDC, 2001; U.S. Department of Education, 2002), but to accomplish this,
effective professional development must involve teachers both as learners and as teachers

(Darling-Hammond, 1997). Teachers should be engaged in a program designed to improve



science literacy that includes a clear image of classroom learning and teaching (Loucks-Horsley
et al., 2003), an attention to the content of science and the pedagogical content knowledge of the
science classroom (Shulman, 1987), and a level of dissonance that disturbs the teachers’ existing
beliefs, knowledge, and experiences (Thompson & Zeuli, 1999) causing them to leave behind
their prior ways of teaching and move to a new pedagogy of science teaching.

What types of professional development meet this new way of thinking? Loucks-
Horsley, et al. (2003) describe a shift from “providing teachers with opportunities to learn
generic instructional strategies to designing professional development around the essential
scientific literacy teachers need to teach the science embodied in the standards” (p.xv). The
work envisioned by Loucks-Horsley and her colleagues was to create a planning tool for
professional development providers so that they might engage in intentional planning focused on
the needs of a set of classroom teachers of science and mathematics. This framework takes into
account the knowledge and beliefs of those in the science and mathematics teaching profession,
the critical issues and context surrounding the teacher’s practice, and a variety of strategies
allowing planners to create a rich, ongoing professional development experience embedded in
the daily work of teachers. Loucks-Horsley et al. identified 18 different strategies for
professional learning that planners of professional development can select when designing
programs. These strategies are grouped around six categories: aligning and implementing
curriculum, collaborative structures, examining teaching and learning, immersion experiences,
practicing teaching, and vehicles and mechanisms. Each strategy is an example of professional
development in science and mathematics that is intended to be matched to the context and

purpose of a professional development program.



One of the categories listed above, “collaborative structures,” engages teachers in doing
science by inviting them into the world of scientists through a shared partnership between the
teachers and the scientists in business, industry, museums, science centers, and universities. This
approach is grounded in adult learning research which indicates that learning is enhanced
through direct experience of science content and the process of inquiry and problem solving
(NSDC, 2001). Joyce and Showers (1995) found that using scientists as role models and
“coaches” for teachers dramatically increased the transfer of knowledge, skill and application to
the classroom. As a form of professional development that allows the teacher to develop
scientific literacy skills in an authentic venue, the impact of the scientist-teacher partnership in
an immersion experience has been the focus of numerous studies over the years (Barab, 2001,
Kranshy, 1999, Loucks-Horsley et.al, 2003), but the emphasis has most often been on
partnerships with scientists in higher education, not with scientists from traditional scientific
laboratory settings. Partnerships between teachers and scientists in general are powerful learning
experiences for all involved; however, the partnerships with traditional laboratory scientists are

not without challenges and are under-researched.

Action Research
Reason and Bradbury (2006) state that action research has three important purposes:
(a) to “bring an action dimension” into the tradition of research; (b) to expand the realm in which
research is conducted — away from the university and into other arenas; and (c) to “add impetus
to the movement away from a modernist worldview based on a positivist philosophy” toward a

more participatory worldview (p. xxiii).



It is commonly agreed that action research involves a collaborative relationship between
stakeholders who share a common issue and a need to uncover a potential solution to a problem
they confront in their everyday lives leading to some improvement in practice (Greenwood &
Levin, 1998; Miller & Pine, 1990; Reason & Bradbury, 2006; Stringer, 2007).

Action research overlaps with qualitative research in that it examines an issue through the
collection of data such as interviews, focus groups, and field notes, yet it involves two key
differences. Researchers and their study participants are seen as co-researchers in concert with
one another and there is a significant value placed on the importance of “taking action” (Stringer,
2007).

Stringer calls action research “a methodical process of inquiry” that is iterative in nature,
wherein co-researchers engage in a basic research cycle of “look, think, act” (p. 54) around a
problem of practice. First, during the “look” phase, co-researchers decide together what
information is needed to understand a problem and how to gather their data. They then engage in
observations, interviews, focus groups, examining artifacts, and reviewing the literature, all with
the purpose of shedding light on the problem being investigated. Next, in the “think” phase, co-
researchers engage in data analysis that allows them to understand “how people experience and
respond to the events and activities that comprise the focus of the research itself” (p.88). The
data analysis includes identifying key experiences that impact participants and a process to
deconstruct those experiences to uncover the elements that comprise them. The co-researchers
look for codes or units of meaning that can be grouped into themes to provide greater
understanding of the problem, ultimately revealing a theme or set of themes around which
solutions can be generated. Finally, the “act” phase of the cycle is comprised of two parts:

communicating and taking action. To communicate, a report is developed from the “think”



phase analysis. The report presents the findings of the research and possible implications for
future practice. Then, to take action, the co-researchers carry out specific steps to modify
practices, and the ongoing action research cycle begins again to examine the impact of the
actions taken.

Bogdan and Biklen (1992) define action research as “the systematic collection of
information that is designed to bring about social change” (p.234). They go on to compare
action research to qualitative research by saying “action research builds on what is fundamental
in the qualitative approach. It relies on people’s own words, both to understand a social problem
and to convince others to help remedy it” (p. 242).

Reason and Bradbury (2006) approach the definition of action research through a series
of three research pathways called the first person, second person, and third person research
pathway. The first person action research pathway is done by a researcher inquiring into his or
her own life. The second person action research pathway involves others who face a mutual
concern agreeing to participate in a community of inquiry. The third person research pathway
aims to create a wider community of inquiry involving people who may not be known to one
another. They argue that the most “compelling and enduring kind of action research will engage
all three action research pathways” (p. xxvi).

It is in the spirit of the action research pathways and the “look, think, act” research cycle
that | share the action research study that grew out of personal interest in understanding the
impact of partnerships between scientists and teachers in professional development at the Pacific
Northwest National Laboratory (PNNL), in Richland, Washington (first person action research
pathway). Emerging next was a desire to include the scientist-mentors and the participating

teachers in a collaborative approach to think more deeply about improving the professional
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development experience for our own knowledge base (second person action research pathway)
and to inform the literature around partnerships such as this between classroom teachers and

scientists in a traditional laboratory (third person action research pathway).

The Study

This report details an action research study that examined the professional development
of ten middle school science teachers involved in a partnership program that began in 2007 at a
research laboratory as opposed to a university setting. The overall purpose of this study was to
(a) explore the experiences of middle school science teachers involved in a partnership program
between scientists and teachers at the Pacific Northwest National Laboratory, including the
impact of the program on their professional development, and (b) to improve the partnership
program by developing a set of recommendations based on the study’s findings. The research
questions we asked were: (a) What are the perceptions of the middle school science teachers of
the value of the partnership model in regard to their own science literacy development? (b) What
are the strategies of professional development the teachers found most valuable when working
with scientist-teacher partnerships to develop their science literacy? and (c) What other elements
of the summer academy assisted the teachers in developing their own pedagogical content
knowledge in order to deliver science as a classroom teacher more effectively?

This action research study focuses on a problem that was revealed while conducting an
earlier qualitative case study. The previous study examined the impact of partnerships between
middle school science teachers and research scientists at PNNL. The purpose of that study was
to uncover the teachers’ perceptions of the professional development experience and its impact

after the first summer of the program and to see if the partnership fostered change in the middle
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school science teacher’s science literacy, teaching, or both. The qualitative case study revealed
frustrations on the part of the middle school teachers around the model for professional
development that had been designed for them.

Based on the findings from the earlier study, it became apparent that an action research
study would be a valuable way to redesign the partnership program and capture the voices of
both the middle school teachers as well as the scientist-mentors. We worked collaboratively to
propose changes to the program and to create a set of recommendations for future programs at
PNNL. Together we set about creating a partnership program that would be seen by the teachers
as powerful professional development to deepen their science content knowledge and to enhance
their abilities to teach science and by the scientists as a viable way to have impact on the
education of young people.

The Pacific Northwest National Laboratory (PNNL) in Richland, Washington was the
site for this action research study. The Laboratory is a part of the United States Department of
Energy’s National Laboratory complex offering a range of opportunities for teachers, students,
and visiting scientists and has developed a reputation both regionally and nationally for its
summer programs. From simple week-long workshops, to full eight week research
appointments, participants have varying levels of opportunity to work with mentoring scientists
at the Laboratory.

This report covers the “look” and “think” phases of the action research cycle (Stringer,
2007) with the understanding that the recommendations generated from the research would serve
as the basis for the “act” phase of the cycle. This action research study relied on qualitative data
including field notes recorded at the summer academies and data from two focus groups with

teachers and scientists. Additionally, the participating teachers submitted written reflections in
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their science notebooks, participated in open-ended telephone interviews that were transcribed
verbatim, and wrote journal summaries to the Department of Energy at the end of the summer
academy.

Research Ethics

Action research is “inquiry that is done by or with insiders to an organization or
community, but never to or on them” (Herr & Anderson, 2005, p3). Because of the
participatory nature of an action research study, ethical considerations work in a somewhat
different way. All stakeholders have the same rights to care, safety and informed consent as
would apply in other forms of research. But in action research, the processes are transparent to
the participants allowing all to know what is going on as data are collected, analyzed, and
interpreted. The teachers in this study were asked to sign a letter of consent with the option to
refuse to participate or to withdraw from the study at any time but each agreed to take part in the
study. Together they decided to use pseudonyms to protect their own privacy in case comments
reported in the data are at all embarrassing. These accommodations have given the participants a
higher level of control than in a qualitative or quantitative research study and created a feeling of
mutual agreement about the conduct of the study.

The study was designed to allow all participants multiple opportunities for reflection and
dialogue about the partnership, the conduct of the research and the set of recommendations to be
made based on the study. These accommodations gave voice and a sense of ownership to the
participants.

Positionality
My role as the science education specialist who coordinates the summer academies puts

me into the action research category of “insider to an organization” (Herr & Anderson, 2005). It

13



is a complex role as | sit between the classroom teacher participating in the summer academy and
the scientist-mentors, in a sense, translating one world into the other — a sort of bridge to the
classroom. | work throughout the school year prior to the summer institute to help the
scientist(s) create a two week adult learning experience that is both meaningful and intellectually
accessible to the classroom teachers. | work with the classroom teachers, while at the lab in the
summer, to translate how the adult learning experience might look in the middle school
classroom and to connect the experience to their existing set of instructional materials. It is
through my lens as a former K-8 science specialist that | feel | can understand the classroom

from which these teachers come and can help them weave their learning into practice.

Because of my proximity to the research, a bias may potentially exist. Quite honestly,
my interpretations are seen through a lens of believing in this model of professional development
due to my years of working with PNNL on similar projects with elementary teachers. | must
guard against the inferences | might make based on my observations due to the passion I bring to
the belief in the power of these partnerships.

This action research study could also be considered “a collaborative form of action
research that achieves equitable power relations between insiders and outsiders” to the
organization (Herr & Anderson, 2005, p. 31). Many eyes other than mine will see the data.
Giving access to the participating middle school teachers and the scientist-mentors allows a sort
of “tempering” of my thinking with the thinking of others. In the end, this will allow me to
engage in critical reflection on both the process and the experience of doing this research from
my position on a team of researchers. The contribution to the knowledge base for improved
practice in partnership programs should result in the development of a set of recommendations

crafted from multiple perspectives.
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Organization of the Report

This report consists of four chapters. Chapter 1 provides an overview of the study. In
Chapter 2, | present a review of the literature in five major areas: (a) the need for science
literacy, (b) the learning of science, (c) the teaching of science, (d) professional development of
science teachers, and (e) scientist-teacher partnerships. A detailed report describing the setting
and the methods used in this action research study follows in Chapter 3, presented via the fully
articulated action research phases (Stringer, 2007) of “look, think and act.” In Chapter 4, |
discuss the conclusions of the study and recommendations for partnership programs at a National
Laboratory such as PNNL, along with my aspirations for further inquiry into the power of the

partnership model for professional development of science teachers.
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Chapter 2
REVIEW OF THE LITERATURE

In this review of the literature, | will discuss the importance of science literacy for all, the
challenges an education system faces in understanding how students learn science, and the
training high quality teachers of science need to teach science. Then, I will examine a
framework for the design of teacher professional development for the acquisition of content
knowledge and the pedagogy of teaching science through methods such as inquiry. Finally, |
will share what is known about promising models of professional development such as
partnerships with scientists and teachers as possible avenues for making the changes necessary in

professional development for science education reform.

The Need for Science Literacy

Science and technology are the foundations of a modern civilization in a world that has
become a global marketplace. New discoveries are being made and integrated into our lives at
an exponential rate (NRC, 1996). This age of scientific discovery brings daily debates of
complex issues of science and technology in the press, on television, and on the internet. All
around us the standards for technical and scientific literacy are becoming more stringent, not
less. As science and technology permeate our lives, they create a strong need for a scientifically
literate citizenry.
Science Literacy for All

Robert Hazen, in the book Science Matters (1991), describes science literacy for the
general population as the “knowledge needed to understand public issues.” There is a clear

distinction, according to Hazen, between “using science” and “doing science.” Scientists engage
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in the “doing science,” whereas the general public needs a basic understanding of science to “use
it” on a daily basis (p. xii). The average citizen should possess the foundations of science to
understand the national debates around science and technology and to be critical consumers of
that information. Therefore, Hazen reasons, scientific literacy is a mix of facts, vocabulary,
concepts, history, and philosophy.

The American Association for the Advancement of Science (AAAS) published Science
for All Americans in 1991. This seminal document addressed what constitutes adult science
literacy and recommended what it is that a person should know and be able to do in science,
mathematics, and technology by the time they exit a K-12 school system. AAAS explains that
literacy in science, mathematics, and technology helps people live interesting, responsible, and
productive lives:

In a culture increasingly pervaded by science, mathematics, and technology, science

literacy includes understandings and habits of mind that enable citizens to grasp what

those enterprises are up to, to make some sense of how the natural and designed worlds
work, to think critically and independently, to recognize and weigh alternative
explanations of events and design trade-offs, and to deal sensibly with problems that

involve evidence, numbers, patterns, logical arguments, and uncertainties. (p. 171)

Science literacy today can be seen as a union between science, technology, engineering,
and mathematics, (STEM) which comprises the scientific endeavor (NRC, 1996). Given that
STEM education has become a current topic of concern, the goal to sustain the scientific
enterprise with new scientists and engineers is coupled with the goal to improve the mathematics
and science education needed to develop a populace generally considered to be scientifically

literate.
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Student Science Literacy

In 1993, AAAS published a second influential document, Benchmarks for Science
Literacy. The intent of this publication is to “create a powerful tool to use in fashioning
curriculum” that “concentrates on the common core of learning contributing to the science
literacy of all students” (p. xiii). The publication outlines what students generally should know
and be able to do at grade bands of K-4, 5-8 and 9-12 to adequately progress toward science
literacy. For example, each grade band offers reasonable checkpoints for student progress
toward science literacy, but does not suggest a rigid formula for teaching. Benchmarks is not a
proposed curriculum, but should be seen as a tool educators can use as they design curricula that
fit their students’ needs and meet the goals outlined in Benchmarks.

Similarly, Yore (2007) developed a set of six important characteristics a student should
possess to be scientifically literate. First is the ability to build knowledge claims and make sense
of the world. Second is the need to critically analyze claims, procedures, measurement errors,
and data to uncover the truth. Third, justifying data as evidence for or against a claim should be
based on theory, not inference. Fourth is the possession of analytical reasoning abilities,
problem-solving skills and troubleshooting capabilities. The possession of the ability to perform
general processes of science is fifth on the list, with observing and measuring being two of those
processes. Finally, being able to plan and evaluate investigations completes the list.

Given that acquiring science literacy is so important, it is also important to understand
how children develop theories about the world and how it works (AAAS, 1993). In the next
section, | will share examples of the research that has begun to uncover the ways in which a

learner acquires new science knowledge.
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The Learning of Science

For more than 60 years, cognitive scientists have been observing how children approach
and solve problems. Their work has resulted in a body of research about the learning process.
Building on and modifying the foundation laid by Jean Piaget in the 1920s through the 1960s,
cognitive researchers have uncovered much about how students gain understanding. Michaels,
Shouse, and Schweingruber (2008) state that both children and adults, when faced with an
unknown situation, try to determine what is happening and predict what will happen next. We
reflect on the world around us by observing, gathering, assembling, and synthesizing
information. We develop and use tools to measure and observe as well as to analyze information
and create models. We check and recheck what we think will happen and compare results to
what we already know. Then, we change our ideas based on what it is we learn. These
processes can form the underpinnings of scientific thinking and can be used as a foundation to
build understanding, even in the early grades.

Other studies have shown that even young children have surprisingly sophisticated ways
of thinking about the world based on their direct experiences with the environment, as they have
made observations and tried to sort those observations into a conceptual framework for storage
into memory (Bransford, Brown, & Cocking, 1999). Ryder, Leach, and Driver (1999) and
Driver, Guesne, and Tiberghien (2000) have contributed significantly to the research around the
memories or understandings children possess. As children progress through their lives collecting
up bits of information and placing them in a conceptual framework, they gain misconceptions
that are often tenaciously held. These beliefs, or interpretations of the world, are difficult to
change and take concerted effort on the part of the classroom teacher to do so (Driver et al.,

2000).
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A ground breaking report, How People Learn: Brain, Mind, Experience, and School
(Bransford et al., 1999), significantly contributes to our understanding of how students learn
science. Three key principles emerged from this report. The first principle points out that
students arrive to any classroom with a set of preconceptions about how the world works. If a
student’s initial understanding “is not engaged,” the student may fail to grasp new concepts and
information presented in the classroom, or they may learn those concepts purely “for purposes of
taking a test and then revert to their strongly held preconceptions” (p. 14). The second principle
outlines that “to develop competence” in an area of scientific inquiry, students must build a
“deep foundation of factual knowledge, understand facts and ideas in the context of a conceptual
framework, and organize knowledge in ways that facilitate retrieval and application” (p.16). The
third principle is focused on the term metacognition, coined by John Flavel, a Stanford
University psychologist, in the late 1970s, to name the process of thinking about one’s own
thinking and learning (Keeley, 2008). This third principle tells of a “metacognitive approach to
instruction” that can help students learn to take control of their own learning “by defining
learning goals and monitoring their progress in achieving them” (p. 18). Evidence from this
research indicates that when these three principles are incorporated into instruction in the science
classroom, student achievement improves.

Research has consistently shown that K-12 students do not necessarily develop scientific
literacy through merely participating in a K-12 program of science (Lederman, 1992; Meichtry,
1992, NCISE, 1989). The National Center for Improving Science Education (NCISE) argues
that “the heart of the problem is not children’s inability” to understand science, “but that most
children are not taught science at all, and when they are, they are taught in a way that

progressively diminishes their interest in the subject and their confidence in their capacity to
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learn it” (p. 2). The NCISE document goes on to say “by the time the child reaches junior and
senior high school, they are expected to memorize science from a textbook” which is “seen as
boring, pointless and not to mention, too hard” (p. 3). Driver, Squires, Rushworth, and Wood-
Robinson (2005) also share this view. They state that school classrooms often present students
with images of scientific knowledge and thinking as “fundamentally different from common-
sense reasoning, and it may therefore be perceived by many pupils as inaccessible” (p. 7).
These views have implications for what is taught in science, how science is taught, how
to promote deeper understanding in science and the acceptance that science literacy is for all not

just an intellectual few (AAAS, 1993).

Teaching Science

If learning science requires conceptual change to occur in students who hold
misconceptions, teachers need to address students’ existing beliefs and knowledge and directly
confront those misconceptions (Bransford et al., 1999). To challenge these misconceptions,
Driver et al. (2005) contend that “learners need to be given access not only to physical
experiences but also to the concepts and models of conventional science” (p. 6). If teaching is to
“lead pupils towards conventional science ideas, then the teacher’s intervention is essential, both
through providing appropriate experiential evidence and making the theoretical ideas and
conventions of the science community available to pupils” (p. 6). The knowledgeable teacher can
guide students through an investigation in which they confront their misconceptions through
testing and discussion. Students work toward resolving conflict by accommodating the new

concept thus enhancing their understanding (Posner, Strike, Hewson, & Gertzog, 1982).
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The National Research Council (NRC), in partnership with the Merck Institute, recently
released a book, Ready, Set, Science (Michaels, Shouse and Schweingruber, 2008) based on the
report, Taking Science to School (NRC, 2007). The book summarizes studies of science
education practitioners who work with and support K-8 classroom teachers and speaks of a new
vision of science education accomplished through change in the way science is taught and
learned. In order to teach science well, teachers need to understand science differently from how
scientists understand science. A scientist understands scientific theory and its historical origins,
the questions being investigated and the ways in which questions are investigated in his or her
field. “But a scientist does not necessarily know how to convey scientific knowledge to children
or other non-experts, nor how to create appropriately structured opportunities for practicing
science” (p. 158).

Research has begun to uncover strategies educators can use to assist children in building
a more stable and well constructed conceptual framework for understanding the complexities of
science (NSRC, 1997). Research on the transfer of learning has shown that students’
understanding is greatly enhanced when they are asked to apply their knowledge to new and
different situations (Donovan et al., 2000). If the experiences they have engaged in have helped
them grasp the underlying principles, then they are more likely to be able to apply what they
know to new situations and remember what has been learned. Learners need time to wrestle with
new information, to explore underlying principles, and to make the connections between new
knowledge and their existing frameworks. Students need explicit messages about what it is they
are engaged in and why, while being taught by a knowledgeable teacher who is also scientifically
literate. These key elements of a learner’s development of understanding of the nature of science

encompass an understanding of the purposes of doing scientific work, an understanding of the
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nature and position of scientific knowledge, and an understanding of the science as it exists in
the political and social enterprise (Akerson & Hanuscin, 2005; Lederman, 1992; Schwartz,
Lederman, & Crawford, 2004).

Bransford et al. (1999) found that teachers can help their students become increasingly
self directed in their learning by asking them to ask questions about their new learning and how
they went about learning this new information. Being metacognitive about their own learning
enhances their ability to monitor their own processes and aids them in learning how to recognize
when they do not understand and should seek more information.

Teaching Science through Inquiry

For students to build deep knowledge of science, their teachers must do more than merely
cover the topics (Donovan, Bransford & Pellegrino, 2000). With a general consensus about how
people learn and develop an understanding of any concept, research from child development,
cognitive psychology, and educational practice strongly supports science inquiry and hands-on
science as effective teaching pedagogy (Bybee, 1997; Driver et al., 2005; Hurd, 1998; NRC,
2000; Weiss 1987). Conversely, direct instruction dominated by lectures or demonstrations done
in the front of the classroom may not build a deep or enduring set of conceptual understandings
(Ruby, 1999).

The National Research Council (2000), with the release of standards for teaching inquiry,
set about defining inquiry as:

a multifaceted activity that involves making observations; posing questions; examining

books and other sources of information to see what is already known; planning

investigations; reviewing what is already known in light of experimental evidence; using
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tools to gather, analyze, and interpret data; proposing answers, explanations, and

predictions; and communicating the results. (p. 14)

The National Science Education Standards (NRC, 1996) state that teachers should build
on a student’s curiosity about the natural forces of the world to stimulate scientific inquiry. The
science standards about teaching encourage teachers to provide their students with inquiry-based
science that emphasizes not only the knowledge and skills of scientific inquiry but also its
attitudes, and values especially intellectual curiosity. Not all students will choose to become
scientists, but the science standards ask teachers to simply “foster in all students, the awareness
of science as a dynamic, creative intersection of questions, observations, and evidence, data and
ideas, predictions and explanations based on evidence” (p. 12).

Scientific inquiry and hands-on science are not synonymous; many teachers do hands-on
science, but not inquiry (NRC, 2000). Many approaches to science teaching have used hands-on
activities but not student directed inquiry (Ruby, 1999). Bybee (1997), a staunch proponent of a
continuum of inquiry, believes that inquiry moves from being strongly guided, in which the
classroom teacher takes the locus of control, to an open ended form of inquiry wherein the
student decides on the investigation and is in full control of its outcomes. Whatever the form of
inquiry, the teacher should keep the focus squarely on student understanding.

The Pedagogy of Teaching Science

Effective teaching of science requires a deep knowledge of the content to be taught
interwoven with an adequate knowledge of pedagogy on how to teach science and scientific
inquiry. Teachers should comprehend how the ideas within their discipline are interrelated and
connected and what is to be taught to students (Abel, 2007). How to teach science effectively is

explained by Hewson (2007) as the pedagogy or the art of teaching.
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Two dimensions of any knowledge base in any discipline are the content knowledge and
the pedagogical content knowledge, as explained by Shulman (1987). The content knowledge
consists of the facts, concepts, and principles within the area of science and the relationship these
elements have to one another. On the other hand, pedagogical content knowledge is the blending
of the content into an understanding of how topics, problems, or issues are organized,
represented, and adapted to the diverse interests and abilities of the students. Michaels et al.
(2008) believe that “effectively changing science teaching and learning will require dramatic
changes on the part of those involved in the education system” (p. 26). They further state that
the educators who shape K-8 science learning should “reexamine their work in light of current
thinking about teaching and learning science. In order to be effective, science learning must be
supported by a broad, complex education system that supports and guides good teaching” (p. 26).

Teachers need to know science in light of the instruction of science. In other words, they
need to know both the subject matter and how to teach it to all students. They need
understanding of how science concepts are developed in the minds of students and what those
minds are capable of at various stages in brain development. They need to understand how the
correct approach to teaching science can create science learning opportunities that change what
students know and are able to do in science. A good grounding in science for any learner comes
from a foundation laid through early experiences leading to a perspective on the world and
nature as reasonable and understandable (NCISE, 1989). To accomplish this, a well prepared
teaching staff needs support through a rich program of ongoing professional development

informed by current research on how to teach science.
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Professional Development for Science Teachers
Professional development serves as the bridge between where prospective and
experienced educators are now and where they will need to be to meet the challenges of guiding
all students in achieving higher standards of science learning (U.S. Department of Education,

1995).

Because the world is changing so rapidly, learning science and teaching science are
challenging tasks for both teachers and learners. Many elementary and secondary teachers find
themselves in the role of science teacher without having received the preparation and support
they need to meet the demands of the job they have been hired to do. Sometimes that is because
they lack the familiarity with the content they are expected to teach due to limited exposure to
science in their own K-12 education, resulting in a partial development of scientific literacy.

Abd-El-Khalick and BouJaoude (1997) conducted research on professional development
for teachers to improve their understanding of the nature of science. They found that the
teachers’ knowledge base was both lacking in all areas of science and that the teachers
themselves held very naive views about the nature of science. The researchers further found that
the years of teaching experience and the class level(s) they teach along with their education was
not a predictor of their level of understanding. Thus, it was reasoned that teacher preparation
programs are not helping prepare teachers with the content knowledge base needed for teaching
science and that professional development should be intentionally designed with the nature of
science as a strong element of the programming.

Professional development is seen as a key factor in encouraging and supporting types of
instructional practices such as inquiry, but it must be understood that this type of teaching

science requires a high degree of skill and knowledge on the part of the science teacher (Loucks-
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Horsley et al, 2003). Teachers don’t just need to know the subject matter of science but also how
to teach the subject matter itself.

Zemelman, Daniels, and Hyde (2005) explain that we have more “resources and tools for
helping teachers implement new teaching methods than in the past. But professional
development takes time and should be considered more like cultural change than mere technical
training” (p.156). Professional development should focus teachers on developing the ability to

adapt their curriculum to build understanding for all students while promoting inquiry.

Research points to the need to know the essential ingredients of effective professional
development in science (Wenglinsky & Silverstein, 2000). An analysis of the performance of
more than 7,700 8th grade students on the 1996 National Assessment for Educational Progress
(NAEP) science exam, along with their teachers' responses to a NAEP survey of teaching
practices, found that student scores tended to be higher when the teachers' professional
development experience included significant training in four areas: (a) laboratory skills, (b)
hands-on learning, (c) instructional technology, and, (d) frequent formative assessment.
Overall, students whose teachers had received ongoing professional development in these areas
scored nearly one-half a grade level above students whose teachers lacked such training.
Teachers were more likely to avoid cookbook laboratory exercises and encourage more student
directed inquiry. Their students were asked to make connections between experiences and
underlying scientific concepts. Students who engaged in hands-on science inquiry once a week
as opposed to once a month or less were 40 percent of a grade level further ahead in science and
students whose teachers attended professional development that encouraged frequent formative
assessments were nearly a full grade level ahead of students exposed to less frequent formative

assessments.
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Thompson and Zeuli (1999) list five features that characterize professional development
seen as transformative for teachers: (a) a sufficiently high level of cognitive dissonance is
created for the teacher to disturb, in some significant way, the equilibrium between their existing
belief structure and their practices on the one hand and their experience with the subject matter,
their learning and teaching on the other; (b) provision of time, context, and support for teachers
to think — to work on resolving their dissonance through collaborative discussion, independent
reading, writing, and other activities that essentially amount to the crystallization and ultimately
the revision of their thinking; (c) ensuring that the dissonance-creating and dissonance-resolving
activities are connected to the teachers’ own students and context, or something very similar; (d)
providing a way for teachers to develop a repertoire for practice that is consistent with the new
understanding that teachers are building; and, (e) providing continuing help in the cycle of
surfacing the new issues and problems what will inevitably arise from actual classroom
performance and allowing teachers to make new understanding from this while translating these
new understandings into their practice.

Michaels et al. (2008) report that “professional development programs must be sustained
over the long term and provide clear, consistent linkages to subject matter and the core tasks of
teaching must be made available to teachers” (p. 157). They acknowledge that teacher learning
is the “by product of thoughtful design and system wide participation. Professional development
programs often provide teachers with opportunities to analyze phenomena, think scientifically,
represent and interpret data, build models, and engage in claim making and argumentation about
data” (p. 158). Further, professional development should share with teachers how to support

their students as they learn new concepts, skills, and attitudes.
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Teachers talking with colleagues about their learning is another strong component of high
quality professional development. According to Akerson and Hanuscin (2005), not all teachers
are willing to change their methods of teaching. A key feature of the professional development
that enables teachers to shift their science teaching approach to a more inquiry based model
seems to be the provision of an ongoing program to develop teachers’ conceptual frameworks as
well as providing the release time for them to explore, learn, and discuss changes in their
teaching together with colleagues.

Loucks-Horsley, Love, Stiles, Mundry, and Hewson (2003) agree that moving teachers to
a new way of teaching is not easy. They indicate that high quality professional development can
cause teachers to shed their deeply held beliefs and assumptions to embrace a new set of
understandings about science teaching and about how students learn, but the professional
development must be done intentionally and with planning tools such as their Professional
Development Design Framework (see Appendix A). This framework is based on the following

set of shared values and beliefs:

1. Professional development experiences need to have all students and their learning at

their core;

2. Excellent science and mathematics teachers have a very special and unique kind of

knowledge that needs to be developed through their professional learning experience;

3. Principles that guide the reform of student learning should also guide professional

learning for educators;

4. The content of professional learning must come from both inside and outside the

learning, and from both research and practice; and
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5. Professional development must both align with and support system-based changes

that promote student learning. (p. XXv—xxvi)

The framework is a map of a process that can be used to design both small- and large-
scale professional development. It guides design that is “an ideal to strive toward, rather than an
accurate depiction of how it always happens” (p. 5). The framework asks professional
development providers to commit to a shared vision and standards in the context of the
knowledge and beliefs of the learners and teachers for which it is being designed. Next, data and
the context surrounding the data such as the student demographics, curriculum in place, national
and/or state standards, history of professional development, and parent and community support,
should be analyzed to get a broader picture of the system. Goals for the professional
development program should reflect the critical issues commonly experienced, such as time
available for professional development, equity and diversity of the teaching staff, professional
culture, leadership structure, capacity for sustainability and/or scaling up. The professional

development is then planned, presented and evaluated so that the cycle can then be repeated.

Unique to the Loucks-Horsley et al. (2003) framework for professional development is
the set of 18 strategies to consider when designing experiences for teachers of science and
mathematics. These strategies are intended to be thoughtfully chosen after designers are
informed by all other inputs into the process of designing professional development. The
strategies share “common underlying assumptions about teaching, learning, and professional
development” (p. 113). Some strategies focus on developing awareness, so they are used at the
beginning phases of professional development when teachers are introduced to new approaches
or content. Some strategies focus on building knowledge in both content and pedagogy. Other

strategies help teachers translate new knowledge into practice or practice teaching. Finally, some
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strategies provide opportunities for teachers to reflect deeply on teaching and learning as they

examine their practice and assess its impact on their students.

Professional development is thus seen as a set of criteria that emphasizes the purpose, the
planning, and the rigor necessary to provide teachers the opportunity to learn the content of
science and the pedagogy of delivering science instruction to their students. Effective
professional development programs are sustained over a period of time and provide clear and
consistent linkage to the subject matter and the core ways in which students learn (Zemelman et
al., 2005). At the very center of professional development is the decision about which strategy
or approach to use. Every program, initiative, and professional development program should use
a variety of strategies in combination with one another to form a unique design (ENC, 1999).
The following section describes a particular strategy which shows promise for developing the

science literacy of classroom teachers in partnership with scientists as mentors.

Scientist-Teacher Partnerships

Loucks-Horsley et al. (2003) list partnerships with scientists and teachers as a significant
form of professional development for K-12 teachers of science who need to deepen their
scientific literacy and their understanding of the nature of science. This strategy is grounded in
adult learning research that indicates learning is enhanced through direct experience of the

science content and the processes of inquiry and problem solving.

According to Loucks-Horsley et al. (2003), partnerships between teachers and scientists
are as diverse as the individuals involved. An important characteristic of a partnership is that

both partners bring expertise to the experience with the ultimate goal of improving teaching and
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learning of science in the classroom. There are several key elements they have identified. First,
the partners must be seen as equal with a two-way exchange of resources and knowledge. The
scientists and teachers play different roles but must believe that each has expertise to share; each
must value the knowledge and expertise of the other. Second, the roles for scientists should be
clearly defined as content experts helping teachers become more confident in teaching science.
The scientists can model inquiry and provide new insights on the nature of the practice of science
in the real world. The third key element states that both partners need to ensure that their
involvement is guided by a shared vision that is consistent with the values, goals, and objectives
of the professional development program and that neither partner will undermine the process.
Partnerships involve significant allotments of time and energy, and both parties need flexibility
in their schedules and professional responsibilities. The fourth and fifth elements state that there
is a benefit to both teachers and scientists. The teacher benefit is in working closely with
scientist role models who can highlight real-world applications of the subject matter. For the
scientist, the benefit includes the opportunity to become familiar with the needs and realities of a
school system and to become an advocate for quality science education.

In 1990, the National Research Council’s Commission on Life Sciences convened a
committee to examine over 200 professional development programs nationwide to identify a list
of characteristics of effective programs. The findings, reported in the publication The Role of
Scientists in the Professional Development of Science Teachers (NAP, 1996), state:

The scientists have an obligation to assist in science teachers’ professional development

through providing research opportunities for practicing teachers; acting as scientific

partners; providing connections to the rest of the scientific community; assisting in

writing grant proposal for science-education projects; providing hands-on, inquiry-based

32



workshops for teachers; and providing teachers access to equipment, scientific journals,

and catalogs not usually available in schools. (p. 3)

Partnerships between teachers and scientists can be powerful learning experiences for all
involved; however, there are often challenges to face and obstacles to overcome. There are
cultural and communication differences between the two worlds. Each partner lives in a world
with its own language unique to their discipline. Sometimes the scientists feel they are present to
“fix” the school system, “believing the educational problems can be solved if only the teachers
knew more content” (Loucks-Horsley et al., 2003, p.145). Teachers sometimes fear intrusion by
outsiders, especially from those they might feel inferior to.

Partnerships can support the long valued view that teachers too need to be active instead
of passive learners in doing scientific investigations. According to Barab (2001), apprenticeship
or participatory learning occurs when teachers are under the tutelage of a research scientist in the
scientist’s lab, using the equipment of science that contributes to the scientist’s work, and where
the teacher-learner has a vested interest in the outcome of the investigation. Barab lists a number
of key characteristics of participatory or apprenticeship learning. First is that the learning be
carried out in an authentic environment supporting the learner while doing the science with the
goal of engaging the learner in authentic science. Second, a teaching/learning cycle is adhered to
where the learner is engaged in an authentic dilemma or problem to solve, not just an exercise to
complete. This allows the learner to become engaged in the hands-on learning instead of
memorizing a set of readymade knowledge. Third, learners must also be engaged in work with
others who have more experience and expertise than they do and that work must be done in

collaboration not in isolation. Finally, learners in these environments do not just complete a task

33



for some simple reward but are working toward solving a real-world need that they too have
identified as important to them.

Tanner (2003), in her research around approaches to teaching and learning and the
professional development that occurs when schools partner with universities, uses the term
“scientist-teacher partnership” to mean a collaboration among a group of college or university
scientists and K-12 classroom teachers, with the goal of improving science education along the
kindergarten through postgraduate educational continuum. Tanner writes about outreach
partnerships between the university scientists and classroom teachers by describing the largely
unidirectional way the partnership has come to be and the challenges and shortcomings of that
type of partnership for K-12 science education. She states that there must be a “demand that
both partners examine their own science teaching and learning and promote both external and
internal reform” (p.35). She believes that three major shifts must occur to take full advantage of
the opportunities for positive effects. First, the adoption of a mutual learning model of
partnerships must be undertaken. Each partner needs to understand and genuinely commit to a
model of mutual learning. It can no longer be the scientist as sole provider and the classroom
teacher as the sole recipient. A successful partnership can have providers and recipients residing
in both groups. Second, because the partnership can be a win-win for each partner, it is
imperative that the scientist engage in a “crash course” in teaching and learning so that the
scientist partner understands the ways in which content can be delivered taking into
consideration a variety of learning styles. Many scientists teach the way they were taught in
highly competitive courses that taught to the top. Third, the development of sustained
infrastructures for partnerships should not solely be dependent on grant funding so that this effort

of outreach can be moved to a level of sustained partnership.

34



The analysis of data from a study conducted at the University of Florida (Brisco & Peters,
1997) indicates that the collaboration of elementary teachers with higher education scientists
facilitated change in the teachers’ teaching practice, because it provided opportunities for the
teachers to learn both content from the scientists and pedagogical knowledge from one another.
The collaboration also encouraged teachers to be risk takers in implementing new ideas. The
analysis of interview statements showed that the partnership supported and sustained the process
of individual change in science teaching. The researchers chose to write about three pairs of
teachers who were representative of the successful partnerships in the study. After a lengthy
description of the three teacher pairs, the researchers summarized three assertions. The first was
that collaboration is an important process that assists teachers to learn content and pedagogical
knowledge from one another. The second was that knowing that a colleague would be there to
try similar activities and discuss successes and failures provided teachers with courage to take
risks that they would not otherwise have taken. Finally, weekly meetings provided a valuable
opportunity to reflect on what worked and what did not work in the classroom. The experiences
rejuvenated teachers and encouraged them to continue to use problem-centered activities. They
felt the major areas of change occurred in their integration of science into reading, writing and
social studies; the time to collaborate assisted them in picking up content and pedagogy; and the

collaboration was essential for them to support the change for the long-term.

Summary
In summary, the growing importance of science education has focused increased attention
on the science literacy of all in a well designed K-12 system of science education. Through the

development of a common view of science literacy and the creation of national standards and
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benchmarks, we have a better view of what students should learn in science classes. Research on
learning and teaching allows for deeper understanding about key aspects of the professional
development teachers need to prepare them to teach. Professional development frameworks can
assist in reminding planners to attend to critical factors necessary to target professional
development to the needs of teachers developing their expertise in science teaching. Strategies
such as partnerships between scientists and teachers exist and have been shown to be effective
ways to build unique and successful professional development opportunities for science teachers.
However, the scientist-teacher partnership research to date has primarily focused on partnerships
between teachers and university-based scientists. This research needs to be expanded to
partnerships that are not university-based. This action research study addresses this need by

focusing on scientist-teacher partnerships at a national research laboratory.
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Chapter 3
REPORT OF THE STUDY
Introduction

The overall purpose of this study was to (a) explore the experiences of middle school
science teachers involved in a partnership program between scientists and teachers at the Pacific
Northwest National Laboratory (PNNL), including the impact of the program on their
professional development, and (b) to improve the partnership program by developing a set of
recommendations based on the study’s findings. This action research study began as a
qualitative case study examining a professional development strategy of partnerships (Loucks-
Horsley, 2003) between teachers and laboratory scientists. The original case study was in
response to a class assignment in a qualitative research course offered at Washington State
University. The initial case study quickly evolved into an action research study intended to
address a problem identified through analysis of the case study data. The problem related to the
design of the professional development partnership program.
Setting for the Study

The Pacific Northwest National Laboratory (PNNL) in Richland, Washington was the
setting for the original case study and for this action research study. PNNL is one of the U.S.
Department of Energy’s (DOE) ten national laboratories, performing research to deliver
breakthrough science and technology to meet today's key national needs. The DOE, along with
PNNL, has a strong commitment to supporting science, technology, engineering, and
mathematics (STEM) education. At PNNL, the Science and Engineering Education Programs
link the human, financial and technical resources of the Laboratory with elementary and

secondary schools, colleges and universities, and other education-oriented organizations as
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education partners. To this end, the Science and Engineering Education Department (SEE) of
PNNL has as its mission: (a) promoting and facilitating strategic research and education
partnerships with post-secondary institutions; (b) enhancing science and technology literacy of
students and teachers; (c) contributing to the education of future scientists and engineers; (d)
promoting diversity in the science and engineering pipeline; (e) connecting academic learning to
the world beyond the classroom; and (f) providing an education forum for discussing science
Issues.

The Science and Engineering Education Department (SEE) is known for its exemplary
summer programming for pre-college, college, graduate school and post graduate school levels.
It annually offers a variety of partnership programs during the summer months that serve K-20
students as well as K-12 teachers. From simple one and two week long workshops on science
content to full eight week research appointments, teachers and students have the opportunity to
be immersed in the authentic work of science with a mentoring scientist from PNNL.

The Qualitative Case Study

To understand the timeline of both pieces of research, the original case study and the
continuing action research study, I will begin with an overview of the original case study and
how it set the stage for the continued action research study. In April of 2007, the PNNL Science
and Engineering Education (SEE) Department was successful in requesting funding from the
Department of Energy (DOE) to facilitate a cohort of teachers in the DOE’s Academies for
Creating Teacher Scientist (ACTS) Program. The application for funding requested that teachers
come to PNNL in teams of two or three from individual middle schools or school districts. Ten
middle school teachers were accepted into the program to begin during the summer of 2007. The

program required that they spend two full weeks each summer, for three consecutive summers,
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engaged in adult learning experiences. The partnership with laboratory scientists had the goal of
increasing the teachers’ science literacy as adult learners and as science teachers. Incentives for
the program consisted of a stipend for their participation in the two-week summer academies and
a yearly mini-grant they could use for classroom materials of their choosing.

As a doctoral student employed by the SEE Department as a Senior Science Education
Specialist and the lead on this project, | realized that the start of a new project with a new cohort
of teachers was a unique research opportunity. | applied to the Institutional Review Board of
Washington State University for an approval to conduct a qualitative case study starting in July
of 2007. The purpose of the case study was to explore the experiences of the middle school
teachers in the summer academy and their perspectives of the impact of the partnership with
scientists in professional development. | focused on two research questions: First, | wanted to
know the teachers’ perceptions of the impact of the partnership on their own science literacy
development; second, | wanted to know the impact of the program on them as middle school
science teachers.

In mid July of 2007, ten middle school teachers arrived from Anchorage, Alaska, as well
as Issaquah, Richland, and Tumwater, Washington. All but the local teachers from Richland
were housed near the PNNL campus in an apartment building in which they were paired in one
and two bedroom apartments, allowing for relationships to build beyond the academy itself. At
the beginning of the two-week summer academy, the qualitative research protocol was discussed
with the teachers. They all signed a consent form that clearly stated the option to participate or
not. Each teacher readily signed the consent form and chose a pseudonym to protect his or her
identity. | began collecting data in the form of field notes taken on a daily basis of the activities

the teachers were involved in and my observation of their reactions to the summer academy.
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During any scientist-teacher partnership program conducted at PNNL, the teachers are
presented a scenario following a teaching-learning cycle that was developed by the National
Center for Improving Science Education (1989). This teaching-learning cycle parallels the
approach taken by practicing scientists both in research and in applying science to create
technologies (see Appendix B). The PNNL staff feels that the original model, with some
modifications is very viable for the PNNL summer academies. The model can be described in
four stages. The first stage of the teaching-learning cycle is the invitation, which often takes the
form of a letter similar to an actual job request a scientist or engineer might receive as part of
their job at PNNL. A description of a real-world problem (science aspect) or a problem of
human adaptation (technology aspect) is shared, and the teachers are asked to solve the problem.
The teachers are given time to read the scenario and discuss with one another what they currently
know (preconceptions) about the problem. They generate a series of questions and list concepts
they need more information about in order to move forward. They categorize the questions and
outline the information they must gather in order to begin working on the scenario. At this point,
the stage is set for further investigation by the teachers. The challenge is to invite them into a
complex world in a manner that engages them but does not overwhelm them.

The second stage of the teaching-learning cycle includes exploration, discovery, and
creativity. This stage builds upon and expands the science learning initiated by the invitation. At
this point, it is critical that teachers have access to scientific investigations with ample
opportunities to observe and collect data as they organize the information. The teachers are
encouraged to think of additional investigations that might provide further information. This
stage is characterized by a strong element of constructive play and informal investigation.

Teachers begin to explore how new information gained from their investigations relates to
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previous experiences and their current level of understanding. At PNNL it is my role, along with
the scientist-mentors, to stage investigations and in-depth discussions that lead the teachers to
new discoveries and the formation of a conceptual framework of understanding. New
information is gathered and processed as they observe and ask questions. In this stage, teachers
exhibit many responses, such as awe, enthusiasm, curiosity, and the temporary suspension of
judgment, that are characteristic of scientists as they work.

The third stage of the teaching-learning cycle is that of proposing explanations and
solutions. In this stage, the teachers continue to refine their developing understanding of a
concept by merging their new views (based on evidence gained through investigations, lectures
from guest scientists, use of text resources, searches of the internet, and presentations by teacher
colleagues) with their prior understanding. Through analysis of all data, teacher teams are led to
consider alternative interpretations and discuss discrepancies. Guided by the team of scientist-
mentors and myself, teachers perform additional investigations to resolve conflicts between their
ideas and those of others while adding the new information to their developing conceptual
framework. The cooperation between teachers, scientist-mentors and me is an opportunity to
model qualities that characterize the nature of science: proposing and accepting alternative
points of view, listening and questioning, persisting in seeking solutions, and working together
cooperatively.

The final stage in the teaching-learning cycle is taking action. Once the teachers have
constructed a view of a concept, they are usually ready to act on that new level of understanding.
They might be asked to apply their new learning by creating a demonstration of a product that
incorporates the science concept, defend a point of view to a panel of experts, or write a letter to

local authorities. Their new level of understanding may, and frequently does, lead to new
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questions that provide the foundation for new explorations and subsequent refinement of
conceptual understanding. The scientist-mentors’ role is to encourage the teachers to take action
and to assist them in transferring their new knowledge to their developing conceptual framework
through guided inquiry. The teachers’ role is to acquire new knowledge as adult learners and
then to filter that information through the lens of the classroom teacher. My role is to build a
bridge between the scientists who deeply know their science content and the classroom teachers
who are grounded in the pedagogy necessary to teach in the middle school classroom but may
not have a full grasp of the science content.

To see how this teaching-learning cycle played out during the summer of 2007, the
teacher participants were given the invitation in the form of a challenge or design scenario (see
Appendix C) in which they were told that PNNL was looking for a blueprint of a new “green”
laboratory building. The scenario went on to say that they were being hired as teams of
consultants to submit proposals for the design of a 200,000 square foot office and laboratory
space to house 1000 staff members. The laboratory and office spaces had a number of specific
requirements and constraints that the teachers needed to learn about and address in their blueprint
of the building. They had two weeks to learn enough to complete a design and present it to a
panel of PNNL experts.

At the beginning of the two-week academy, the teachers were engaged in a brainstorming
activity designed to surface the content knowledge they lacked to solve the design challenge.
They generated the questions that needed answers and listed concepts to learn. In response to
this information, they were then provided a content overview of sustainable development and its
drivers, such as global climate change, water shortages, energy shortages, bioaccumulative

toxins, and biodiversity.
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A large part of the two weeks was spent in the exploration, discovery, and creativity
phase of the learning cycle as teachers worked as teams through the real-life design challenge to
collect additional information and create sample drawings of their building ideas. The teachers
experienced the process of building design and engineering tradeoffs through discussions and
fieldtrips on the PNNL campus and across Washington State. They engaged in a number of
hands-on investigations, including a game simulation on sustainability, and utilized mathematics
and modeling to evaluate the expected energy and water performance of design alternatives,
while learning how to assess the potential environmental impact of their team’s building design.
The experience incorporated systems thinking as well as detailed science, engineering, and
mathematics skills. Because the content information was delivered by a variety of experts in

their field, the teachers were exposed to additional guest scientists from PNNL.

Towards the end of the two-week academy, the proposing explanations and solutions
phase of the learning cycle was implemented. This phase saw the teachers trying out their
thinking by drawing the blueprint of their proposed buildings and engaging in discussions as they
reconciled their ideas. They accessed the lead scientist-mentor to acquire additional information
and she challenged their proposals by asking probing questions about design elements that she

knew needed work.

Finally, it was time for the teacher teams to take action by presenting their drawings to a
panel of PNNL scientists, their colleagues, and me. They shared their final blueprints and used
the data they had analyzed to justify the design elements they had included. They concluded
their presentations with a discussion of the costs and the environmental impact of their proposals.

After presenting, each team was asked questions and given feedback on the overall design.
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During the final days of the two week summer academy, the middle school teachers were
invited to participate in a focus group in which they were asked questions about the impact of the
experience from both a personal and a professional perspective. Field notes were collected
during the final focus group debrief. In response to open-ended questions, a fair number of the
teachers shared frustrations about the summer experience not meeting their expectations or their
needs. Clearly, additional information would need to be gathered to understand the breadth and
depth of these frustrations. The teachers were told that | would be phoning them after they
returned to their middle school classrooms in the fall to collect some additional information
about their feelings and to make recommendations on changes that should be made for the
second summer planned for July 2008.

One frustration seemed relatively easy to resolve when two of the teams told of not
having any materials from which to teach physical science. In fact, they explained, they had the
expectation of coming to the lab to “design a physical science curriculum.” The PNNL team
decided to purchase, for the teachers’ use, research-based instructional materials from a national
developer to provide equal access to high quality physical science materials across all four
teacher teams.

After the teams left the lab, I initially examined the data (field notes from the summer
academy activities and the focus group meeting) and generated three open-ended interview
questions (see Appendix D) that could be utilized in the follow-up interviews. Phone interviews
were conducted with each of the ten teachers during September, October, and November, 2007.
The semi-structured interviews provided the teachers an opportunity to describe the pros and
cons of the immersion experience and the impact on their understanding of the nature of science

and their developing science literacy. The interviews also allowed teachers to elaborate on their
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perceptions of the impact of the partnership with the scientists on themselves as adult learners
and as classroom teachers. The interviews were recorded and transcribed verbatim.

Using the constant comparison method of analysis (Glaser & Strauss, 1967), | read over
the transcripts and the field notes multiple times, looking for key elements or issues that could
become themes for focus. The frustrations, on the part of the classroom teachers, began to
emerge into five general themes. First, the expectations of some of the teachers were clearly not
met. Some believed they would be placed into a laboratory to conduct lab-based research at the
elbow of a scientist-mentor. This model is used during PNNL’s eight-week immersion
appointments but not in the two week professional development programs. Second, the delivery
of some of the content by the PNNL guest scientists was not perceived as constructivist in nature
and therefore difficult for the teachers to sit through and to make meaning from. The scientists
delivered what they believed to be well designed PowerPoint presentations and thought that if
the teachers had questions, they would have asked them. Third, the content and concepts of
sustainability, presented in the summer program, did not immediately appear to align with the
instructional materials or state standards from which the teachers were teaching, making it
difficult for them to see true connections to their teaching and their classrooms. Fourth, some
teachers had difficulty putting themselves in the role of a learner acquiring new information for
their own development of science literacy. Instead of being able to suspend their role as teacher
and thus participate as learner in a new environment, they continually saw any new learning
through the lens of a middle school teacher and wondered how to deliver the same information to
their students. Finally, their own misconceptions about the type of work done by PNNL
scientists and engineers caused a considerable amount of cognitive dissonance (Thompson &

Zeuli, 1999), when their first encounter with a scientist-mentor demonstrated that she did not
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perform experiments in a laboratory but rather collected data from research to use when
consulting on projects around sustainability.

As a follow-up to the original case study and its findings, in the spring of 2008, the
teachers and scientists were gathered together to collect one last set of data in a focus group
meeting. The outcome of the meeting was to be recommendations for how the summer
academy, being designed for 2008, should change and what elements were important enough to
the teachers to keep in place. Teachers were split into teams and asked to respond to questions
placed on each of four wall charts around the room. The charts contained the following prompts:
(a) How did your summer academy experience at PNNL deepen your understanding of the
relationship between science and technology? (b) Which science skills or habits of mind were
most impacted by your summer workshop experiences at PNNL? (c) In what ways did the
experience at PNNL encourage you to use a teaching-learning model in your own classroom that
reflects how scientists and engineers uncover knowledge and solve problems? and (d) What
elements of the past summer should be kept and what elements should change to make the
summer academy a more positive experience for you?

The responses were captured on the wall charts to be used both as data to examine later
and as commentary to be shared with the planning team for the next summer. The teachers
indicated, in conversations after the meeting, that they had greatly appreciated being asked to
share their thinking with the hope of making some changes for the following summer. The
teachers clearly wanted to keep several aspects of the two week summer academy, such as the
real-life scenario, working with scientists as partners, and learning new and challenging material.
They wanted to change the location where we spent most of the previous summer academy to a

laboratory space in which they could do some lab-based investigations. They were clear about
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changes they wanted in the way guest scientists made presentations and asked that a culture be
established to allow the teachers opportunities to interact with the presenter, to ask questions
during lectures or PowerPoint presentations, and to discuss difficult concepts so that they could
try to make sense of the new information together with the scientists (Rosebery & Puttick, 1998).

In late March, | brought together a planning team of the two PNNL lead scientist-
mentors, Kim Fowler and Eric Nyberg, and Science and Engineering Education staff members to
work together for the next several months to create the agenda for the second two week summer
academy. We were armed with a summary of the data - the themes that emerged from the
previous study and the recommendations the teachers made on what to keep and what to change
collected at the focus group meeting in March. While planning the second summer, | worked
with the scientists to make sure that the design of the summer academy would be more
constructivist in nature. The two lead scientist-mentors, Kim and Eric, for the next summer had
been working on partnership programs for many years with the PNNL Science and Engineering
staff so they fully understood the elements we needed to incorporate. With their help, we
brought on the next guest scientist and assisted him in weaving in elements of hands-on
laboratory investigations, multiple opportunities for teachers to play a more active role in
constructing their own learning, and a change in the guest scientist’s role from that of lecturer to
one of consultant and coach to the teacher learners.
The Action Research Study

What started out to be a qualitative case study now clearly presented itself as an
opportunity for an action research study aimed at examining and perhaps solving the problem of
dissatisfaction that had emerged from the first summer’s academy. In learning more about action

research and a strategy known as cooperative or collaborative inquiry discussed by Reason and
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Bradbury (2006), I chose to focus on designing an action research project that was going to be
done “with” rather than “on” people with an emphasis on participants being “involved in making
research decisions as co-researchers” (p.149). I also turned to Miller and Pine’s (1990)
description of action research as “learning through descriptive reporting, intentional
conversation, collegial sharing, and critical reflection for the purpose of improving practice” (p.
59).

In looking for a model of the process of action research, | decided to utilize the “look-
think-act” phases of research conceptualized by Stringer (2007), specifically what he refers to as
a “fully articulated model.” This model incorporates the following three phases: (a) the “look”
phase, which consists of the design and data collection processes and which asks the researchers
to carefully refine the issue to be investigated, to plan systematic processes in inquiry, to check
the ethics and validity of the work, and to collect data from a variety of sources; (b) the “think”
phase, which involves analyzing the data to identify key features of the issue or problem; and (c)
the “act” phase made up of both communicating the outcomes of the analysis to all research
collaborators, and taking action by using the outcomes to work toward a resolution of the issue

or problem being investigated. This model is represented in Figure 1.

LOOK PHASE
DESIGN
TAKE
ACTION

COLLECT
DATA

COMMUNICATE ANALYZE
OUTCOMES | | DATA

Figure 1: Stringer’s (2007) Fully Articulated Action Research Model
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| began to realize that the data collected and analyzed in the first summer (2007) could be
thought of as an initial round of the action research cycle itself. | had done the first part of the
“look” phase essentially on my own, but soon thereafter, | had included both the teachers and the
scientists in discussions about how to “think” about the data and how we might “act” in the
upcoming summer.

I embarked on a second round of the action research cycle and brought on board Kim
Fowler, one of the lead scientist-mentors on the project, to assist me in reexamining the data and
deciding what new data to collect for the summer of 2008. Kim was unfamiliar with action
research as a methodology but quickly gained appreciation for the idea as | shared with her
examples from the literature (Stringer, 2007; Herr & Anderson, 2005; Reason & Bradbury,
2006). We agreed on the use of Stringer’s fully articulated “look-think-act” model, and | shared
with her my thinking to date based on my initial analysis of case study data.

The “Look” Phase. | applied for a new IRB from WSU stipulating action research as a
methodology and readied for the teachers to return to the laboratory for the second two-week
academy in July of 2008. The purpose for this phase of the action research study was to further
explore teachers’ experiences in the program and their perceptions of the impact on their
developing understanding of the nature of science and physical science content, and their ability
to modify that content for delivery in the middle school classroom. We planned to use this data
to develop programmatic revisions and recommendations to PNNL and the field. The research
questions we asked in this phase were: (a) What are the perceptions of the middle school science
teachers of the value of the partnership model in regard to their own science literacy
development? (b) What are the strategies of professional development the teachers found most

valuable when working with scientist-teacher partnerships to develop their science literacy? and
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(c) What other elements of the summer academy assisted the teachers in developing their own
pedagogical content knowledge in order to deliver science as a classroom teacher more
effectively?

The teachers arrived on campus for the second summer. We began the academy with a
dinner the night before our first work day. The group consisted of the two lead scientist-mentors,
Kim Fowler and Eric Nyberg, the ten middle school teachers, and several members of the
Science and Engineering Department from PNNL. We met for casual conversation and pizza at
the home of a Science and Engineering Education colleague. The teachers seemed very relaxed
as they welcomed one another and joked about their past school year working with middle
school students.

On the first day of the academy, we met in a classroom at the Tri-Cities campus of
Washington State University. | introduced the action research model to the teachers and asked
them to join me in conducting research around partnerships between teachers and scientists in the
hopes that we could, together, design a professional development partnership experience that was
most beneficial in allowing them to grow as science literate adults as well as enhance their
abilities to teach science to middle school students. The teachers agreed to participate and signed
a new consent form. | overviewed for them the themes found in the findings of the previous
study, and we discussed the agenda crafted for the next two weeks with their recommendations
in mind. They seemed anxious as to what their role would be in the research process, but were
soon engulfed in the work of the summer, forgetting all about the research itself.

The teachers started the two weeks by participating once again in a teaching-learning
cycle. This time the cycle was preceded by a number of laboratory investigations, lead by Eric

Nyberg, to enhance their understanding of materials science, the sustainability of materials, and
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the impact of materials used in the transportation world. During the first few days of the two
week institute, the teachers investigated the properties of various metals, such as tensile strength,
conductivity, malleability, hardness, elasticity, and ductility in a laboratory space also on the
WSU'’s branch campus. They gathered data, compared data with one another, and discussed the
application of the concepts they were learning to their middle school classrooms. This change in
the way the academy started was in direct response to the feedback from the teachers the
previous spring. In hopes they recognized the changes made to the schedule, Kim and I asked
the teachers to do a reflection in their science notebooks on how things were going after just four
days. It was our intent to collect information from them early enough in the summer so as to
have time to discuss with them how to monitor and adjust.

As the two week academy continued, time was spent in lecture format focused on sources
of energy in the form of alternative fuels. The teachers heard from guest senior research
scientist, Pete Rieke, who works on fuel cell technology at PNNL about the various ways energy
is gleaned from the environment, both renewable and non-renewable, and the perceived impact
of each. The content was challenging. The technical content centered on the specific topic of
fuel-cell technology, which currently is a major research focus at PNNL. These presentations
were newly designed to deliver science content with the opportunity for the teachers to develop a
conceptual framework of understanding. During lectures, the teachers were engaged with the
scientists in wrestling with the difficult content through the ability to ask questions, viewing of
video clips, creation of drawings illustrating the connections from one concept to another, and
note taking in their science notebooks. At any time that I thought the teachers were losing focus,
I would interject a question of my own to stir a reaction from the scientists and/or the teachers to

generate additional discussion.
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Technical content was a huge area of concern for the teachers during the first summer,
but my observations and subsequent field notes did not detect those same frustrations in this new
model. | took advantage of the opportunity to take additional field notes from conversations |
had with the teachers in which I asked them why this summer’s content was not meeting with the

same level of frustration as last summer.

The teachers returned to the laboratory, where they were given a fuel-cell model and led
through a number of investigations utilizing that model to understand how the fuel cell functions
to produce usable energy. Explained simply, through the process of hydrolysis of water powered
by a photovoltaic cell, hydrogen gas is collected and used as fuel to power a simple motor
connected to a propeller, which demonstrates motion as it spins.

Next, a small model fuel-cell car was given to each teacher and they were asked to apply
what they had learned from the larger fuel-cell model to this smaller model. The model used the
same hydrolysis of water process to power a motor, but this time the motor was connected to a
set of axles and wheels which allowed the vehicle to move in a forward direction. After
problem-solving and troubleshooting the issues inherent in a model system, the teachers felt they
were beginning to develop a conceptual framework of fuel-cell technology.

Just before the end of the first week, the teachers were connected back to the summer of
2007 through a presentation of a complicated process of life cycle analysis, reminding them of
the central sustainability theme for the three year program. This was provided by Kim, the
scientist-mentor they worked with on this topic during the first summer, allowing the teachers to
come full circle in their learning.

At the end of the first week, the teachers were immersed in the teaching-learning cycle

once again. They were given an invitation in the form of a new scenario or design challenge (see
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Appendix E). They were asked to form design teams and use a creative approach to designing a
“machine that could do work” drawing from knowledge they had gained in the laboratory
investigations of materials science as well as the technology they had experimented with around
the generation of energy in fuel-cells. After collecting up their thoughts about what they still
needed to learn, they embarked on the second phase of the teaching-learning cycle in another
round of exploration, discovery and creativity. They split off into three teams consisting of
teachers that had not worked together before, as a way to model scientist teams that gather from
around the world to develop a solution to a technological design problem. Each team was told
they would have multiple opportunities to ask questions directly of the scientist-mentors on
materials science, fuel-cell technology, sustainability, and elements of the design of their
emerging “machine.”

Early in the second week, the teachers gathered more information through visits to real
world examples of materials science and fuel research in the workplace. Fieldtrips included
visits to local manufacturing plants and businesses that use a variety of metals and their inherent
properties for manufacturing purposes as well as opportunities to observe the production of
alternative energy generation through wind mills and solar engines. Several research
laboratories at PNNL were visited to showcase what is being done in materials science around
vitrification, use of polymers in vehicles, and an examination of alternative fuels such as the
production of biofuels through biochemical and thermochemical processes. The fieldtrips
embedded in the two weeks were again designed to show the teachers examples of how science
and engineering are impacting the world around us.

At the end of the first day of the second week, another reflection prompt was given to the

teachers to explore the science literacy they believed they had gained so far and to reveal the
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processes for learning the content the teachers valued most. This time we asked teachers what
they had learned (science content) and how they believed they had learned it (science process).
Because there had been a lot of very technical information imparted to the teachers, much like
the first summer, we had tried to include elements of discussion, visual images through
videotapes and models, as well as opportunities to question the scientist-mentors in an informal
setting. To address the prior frustration involved in making connections between the summer
content and the instructional materials and state standards from which the teachers were
teaching, we spent time talking about this and encouraged the teachers to continue conversations
after hours.

The teacher teams now returned back to their laboratory investigations with continuous
access to the scientist-mentors. Using the information they had gained from all available
sources, they entered the propose solutions stage of the teaching-learning cycle with the final
research and development being done on their “machines.” After much trial and error and
eventual success, the teachers were ready to take action and move into the final stage of the
teaching-learning cycle as they made presentations to the scientist-mentors and PNNL staff who
were gathered to judge and celebrate the teams’ successes.

Finally, at the end of the two week academy, we brought the two lead scientist-mentors
and middle school teachers together for a focus group in which we collected two important sets
of data. The first set of data involved thinking about the value of the partnership for a variety of
stakeholder groups, not just teachers or scientists. We asked all participants to number off into
new teams to do a “gallery walk” around a set of wall charts that displayed the name of
representative stakeholder groups. These groups were middle school students, the middle school

teachers attending the academy, the school districts the teachers represent, the scientists in
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partnership with the teachers, and the Laboratory or the Department of Energy or the society at
large. At each poster they were to ask themselves this question: “What is the value of the
partnership for the group represented on this piece of chart paper?”

The second set of data consisted of final reflections on the strengths, weaknesses,
opportunities, and threats to the success of the summer academy. This debrief used a protocol
often employed at PNNL that asks participants to respond to those four elements. This is called
a SWOT analysis which goes beyond the typical pro and con examination. The SWOT analysis
is intended to elicit subjective opinions from participants but is organized into logical categories
that serve as prompts. We asked the whole group of teachers and scientist-mentors to comment
openly as we recorded information on a white board. We asked everyone to watch as we
captured what they said so as to make sure we were recording it truthfully and accurately. The
SWOT analysis enabled us to do summary thinking about the summer and it gave us a chance to
deviate from a more typical protocol of what worked and what didn’t work. We chose to adjust
the SWOT analysis to include a final “S” meaning “solutions” so that we could put those
thoughts to work in the “act” phase of the action research cycle, in other words, as we planned
for the final two week summer to occur in 2009. This was done in a whole group setting so that
we could collaborate together through intentional conversations, collegial sharing, and critical
reflection to improve practice (Miller & Pine, 1990).

The “Think” Phase. In the fall of 2008, Kim and | began to read through all the data we
had gathered throughout the summer to try to identify elements that either agreed with my
previous case study analysis or might cause us to create new themes to capture thoughts and
ideas. Table 1 provides an overview of all data sources for both the original qualitative case

study and the action research study. We decided that my original themes continued to be a
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viable way to categorize and examine the new data collected in order to see whether we had

made inroads on the previous summer’s frustrations.

Table 1
Data Sources
DATA SOURCE WHEN COLLECTED DATA TYPE
Observations of Summer 2007 Fells notes’ t?ke” in
ST T T researcher’s journal
>
> > . . _
= g Interviews of teachers  Fall of 2007 ATPEEES BN [T e
|<£ P done by the researcher
-_ )
<_EI L Field notes in researcher’s
o< Focus Group Winter 2008 journal and the artifact of
o0 charts
Observations of Summer 2008 Field notes taken in
T summer institute researcher’s journal
©)
EE Reflection Prompts Summer 2008 Scans of Journals used by
L teachers
@ Field notes in researcher’s
v Focus Group Summer 2008 journal and the artifact of
CZJ > charts
=0 Writing submitted to the DOE
g:) = [R)gclzeggg:;al End of Summer 2008 website in evaluation of the
(9]

summer experience

The first reflection prompt from early in the second summer asked teachers to write about

what they were struggling with, and why, along with what they were feeling successful at, and

why. Responses to struggles varied from comments on being unfamiliar with some of the tools

being used in the lab and the units of measurement as well as the conversion of those units to the

basic mathematics needed to utilize them. It wasn’t that the teachers didn’t possess the skills;

they just had not used those skills “in a very long time.” One team member wrote of the

frustration of feeling rushed by her teammates to move more quickly than she was ready to and

that she was fascinated to realize that this was similar to frustrations often witnessed by her in
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her own students. Another teacher said, “The inquiry activity has helped me to experience what
my students might feel when not having a strong background in this particular content area.”

Teacher reflections included comments on feeling successful when given “the
opportunity to do hands-on investigations in a laboratory with small steps along the way to build
understanding.” This also seemed to meet the need for diverse learning styles of many of the
teachers. Another teacher wrote, “We were all engaged and excited to be trying out the creative
tests Eric had designed for us.” One teacher clearly appreciated the opportunity to be in a
laboratory space when he said, “this is something that | enjoy greatly and what I think this
experience should be all about. The idea that we learn the same way that our students do, with
hands-on activities, is very true.”

The teachers also appreciated the opportunity to compare data after their investigations
and to take the time to “wrestle with the discrepancies or experimental error.” They felt that
having to do continual “trial and error made it more real and less like a cookbook lab.” The
teachers suggested that new tools be introduced early in the summer experience with time to
practice using the tools before being asked to use them in investigations. Two of the teachers
requested that new science concepts be identified before the summer session so as to allow the
teachers time to read introductory materials ahead of needing to apply the content. This was

noted as a recommendation for the third summer academy.

In examining my field notes regarding the scientist’s delivery of the technical content, the
first teacher | talked with about the change to a more supportive type of presentation commented
that the presentations were “very interactive using a combination of direct instruction and visuals
to teach about tough concepts.” The second person I spoke with felt the scientists “did a great

job of thinking about how to bring the difficult concepts down to an inexperienced level.”
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Clearly these comments are in direct opposition to the comment of “death by PowerPoint”

received at the end of the first summer.

In my field notes regarding the fieldtrips the teachers participated in during the summer,
the feelings of two of the participants | spoke with were that the fieldtrips were indeed a valuable
aspect of this professional development experience. One teacher remarked, “The fieldtrips
deepened my understanding of how science and technology are intertwined.” Another teacher
said, “I learned many facts and have images of experiences that will be shared with my own
students to enrich their learning during our units in physical science.”

In the second reflection prompt that asked teachers what complex content they had
learned and how, teachers made statements such as *“the great graphics on the board kept my
interest and my mind growing as the explorations continued to grow.” Another teacher wrote,
“We have such enthusiastic scientists to work with; they seem to really want us to understand.”
The teachers certainly appreciated both the minds-on aspects of the discussions as well as the
visual aspects of the lectures and the opportunities to ask questions as they were constructing
their new understanding. One teacher wrote:

The interactive discussions while lecturing allowed us to wrestle with ideas and

ask more questions to get clarity. It was fun to engage in the pro and con discussions

with the scientists as they continuously asked us more questions to push our thinking.

Finally, I guess when they thought we really knew the stuff, they would give us their

opinion or finally answer our direct questions!

The teachers also commented on the value of the hands-on aspects of the labs that
demonstrated what the lecture had been driving home. A teacher wrote, “The lab activities done

in small steps, allowed us to begin to put it all together.” Then, when all the data had been
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collected and shared, one teacher said it well when writing, “I learned something about these lab
activities that I want to share with my students - scientists learn a lot more when the results are
unexpected!”

In the first final focus group debrief that collected participants’ comments on the value of
the partnership to each of the different stakeholder groups, teachers wrote down many statements
that pointed to the value of the partnership model of professional development. In regards to
relationships that develop between the teachers in the group as well as with the scientists,
comments such as “engaged dialogue with scientists and peers in collaboration is of tremendous
value” and “it is good to be involved in current research to get a glimpse of what the scientists
are thinking.” Responses also spoke about the content of science (science literacy development)
and the processes of teaching (pedagogy) in general. Comments such as “igniting curiosity and
passion in students due to teachers getting recharged through challenging discussions about the
application of learning to the classroom” and “learning about the different perspectives and
passions around science” were common on charts. We saw comments about acquiring a new
understanding of the nature of science and how to solve scientific problems, as well as an
increased awareness of each others’ work place. These statements seemed to capture positive
perspectives on the scientist-teacher partnerships.

In the second final debrief, the collection of information from the SWOT analysis,
teachers began with saying things about the strength of the involvement with scientists. They
felt a valuable take-away was the current thinking from the scientists’ perspective on issues
surrounding sustainability. The teachers appreciated a genuine look at the nature of science at
work through both the partnership itself and the field trips where they could see actual examples.

Comments about working together with other teachers showed that they appreciated the chance

59



to engage in “adult learning was a nice change” and hearing about “how things work in other
schools and districts” as well as the chance to “engage in dialogue with peers and to collaborate
with others.” They also appreciated the “adult learning activities to push their thinking” and the
“mix of classroom and laboratory work™ allowing them “time to make meaning with the
application of learning into design scenarios.”

The weaknesses highlighted were few and comprised mostly personal things such as “it is
hard to be away from home for two weeks” and “my background knowledge is lacking.” They
also commented about wanting to all be located in the same housing complex to continue to
develop their working and social relationships. In connection to what was a huge issue during
summer one, one teacher reminded the group that when they came to PNNL at the beginning of
summer one, “expectations didn’t match reality at first.”

When it came to sharing what they thought were the opportunities of partnership
programs, they said positive things about appreciating the financial rewards inherent in the DOE
programs. They said they valued things like, “funding for our classroom materials in the form of
mini-grants from DOE” and “the gift of instructional materials gives us the tools to deliver high
quality science to our students.” They also spoke of the opportunities for adult learning by
stating that the science content “challenged our way of thinking about sustainability in an in-
depth way so that we could learn some pretty difficult stuff.” When it comes to thinking of
themselves as classroom teachers, they said things like “layering of knowledge helps with
curriculum design and instructional strategies” and “we will teach with higher expectations for
our students.” They also said, “This will strengthen what it is we teach our students.”

The comments offered in regards to the threats to the scientist-teacher partnership

program revolved primarily around going back to their classrooms with new learnings and new
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sets of strategies. They wrote about being “worried about finding time in the day to teach
differently or to add new things,” and “fellow teachers at home don’t have the same passions as
we are going home with.” One teacher also wrote, “Our district or our teaching peers can punish
us for innovation.”

We next talked about solutions we could implement so as to turn the threats just
discussed into solutions. The responses centered on spreading the word about science education
and the need to move the entire system of schools into a new era of thinking. The group said
things like, “instill excitement in others,” and “model inquiry teaching and learning.” The
teachers felt the need to develop “advocacy statements for the resisters back home” and that we
all needed a good dose of “patience, persistence, and pacing!”

As Kim and | examined all the data captured during the summer, we generally believed
the teachers felt they had learned, at least at a basic level, some difficult content around energy
use, fuel cell types, properties of materials and the associated tests, as well as the differences
between the generation of energy from a fuel cell versus that of a battery. They also reported
learning about the limitations of each as well as the controversies surrounding this form of
energy research and the complex nature of doing life cycle analyses to get at the real truth about
the impact of one form of energy over another. It appeared that the laboratory activities
supported this learning as did the partnership that was developing between the teachers and the
scientist-mentors.

At the end of the two weeks, the teachers bid farewell and returned home for the rest of
the summer. They had one last deliverable to complete for the Department of Energy before the
start of their school year in the fall: the journal summary. The journal summary is done on the

DOE website and is intended to allow the managers of the DOE/ACTS program at the national
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level to tap into the teachers’ thinking about the two week summer experience. As the local
manager of the PNNL program, | too have access to these submissions. We had gotten verbal
permission from the teachers to use the summaries as data, so Kim and | turned to analyzing
them as well. We found evidence of a change in the level of frustration around the teachers’
expectations of being in a laboratory at the elbow of a scientist. The impression across all
teachers was that the summer was “a tremendous success!” One of the teachers, who had been
so disgruntled after the first summer, began his journal entry with “Overall this was a very
enjoyable summer. There was clearly lots of thought given to the audience, the tours that we
went on and the labs that we did. | am excited to get back to school and apply some of the ideas
and pass on some of the information from this summer.” Another formerly dissatisfied teacher
said, “The time in a hands-on lab, the lectures from the scientists, and the tours gave us an
incredible experience I will not forget.” Another teacher, who had not been associated with the
first summer’s frustration and in fact was angered by his colleagues speaking negatively of the
first summer, summed it up when he said:
Overall, I think this has been the best professional development experience of my life,
and if everyone could go through something like this, we’d have such a different level of
science education going on. On the whole, | believe that sometimes people just don’t
know how to operate in ways that are always looking forward, rather than focusing on the
negative or bringing up problems that in the eyes of others are not expectations we came
with in the first place.
The delivery of the content, done by the PNNL guest scientists, garnered a reaction very
different from the first summer. “The senior research scientist on fuel cells was our presenter

this summer. It was a fabulous and interesting set of presentations. He used a combination of
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direct instruction and visuals to teach us about very complicated topics,” wrote one teacher.
Another said, “The scientists filled my mind. They are extremely smart yet did a great job of
bringing the difficult concepts down to our inexperienced level.” Certainly the teachers had
noticed a change in the delivery of content. As mentioned earlier, we had decided to be very
explicit with the guest scientists as to how a more constructivist model of teaching and learning
could take place to support the teachers’ development of conceptual understanding.

During the second summer, as opposed to the first, teachers were able to make stronger
connections to the standards around the nature of science and their classroom teaching. In my
role as science education specialist, | tried to be intentional about connecting the nature of
science the teachers experienced at the Lab to the standards found in their state science
standards. The teachers and | discussed how difficult it is to meet the nature of science standards
using traditional science curriculum. They had experienced a rich model of authentic science at
work in such a way as to give them vivid examples of the nature of science principles. We spent
time trying to identify examples of each principle at work at the lab. | created a giant wall chart
of the principles and referred to them quite often as we attached narratives of real examples we
had identified. I also engaged them in hands-on investigations of examples of the nature of
science to share with their students to further cement the connections to the classroom. An
observant teacher wrote, “The nature of science in practice — it is authentic and chaotic! | think
the student examples will work with my students.” Another teacher said, “I can see that this
summer gave us a glimpse of what the scientists are thinking not just what the media tells you to
believe.”

Also connected to the teachers’ state standards were elements of communicating findings

to others in a variety of ways. | chose to showcase the science notebook as a way to access that
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aspect of a scientists’ work. | had actual scans of scientists’ notebooks to share with the
teachers. These powerful examples were taken from the notebooks of a materials scientist, a
computational chemist and an ecologist. I also spent time at the beginning of the academy as
well as at the end talking about student science notebooks and the ways they can be used to
uncover student thinking and learning. | implemented the use of reflection prompts to gather
data for the action research study but was also intentional about making their use transparent to
the teachers. | discussed how the prompts were being used to monitor and adjust the academy
and how they could use similar prompts in their students’ science notebooks to reveal thinking
and/or misconceptions. | talked about how I modified the academy in response to the data
gathered by the prompts and how they could use the information to modify their teaching.
Numerous teachers commented on this in their final journal summaries. One teacher wrote, “I
will make a concerted effort to try the skills and techniques with science notebooks taught to us
this year to see what my students are thinking and learning.” Another teacher described the
information on using reflections in science notebooks by saying, “We were given some great
prompting strategies that | am excited to put into use with my middle school students. It will
change the way | check the notebooks.” Finally, one teacher said, “For me this summer
combined the opportunity to analyze and learn more about science notebooks, assessment
strategies, the nature of science and more time in relationships with active scientists and
engineers.”

Based on their journal summaries, some of the teachers still had difficulty understanding
or separating the two roles we hoped they could play as participants in the partnership program.
The first is the role of adult learner engaging in experiences designed to develop their own

science content understanding. The second role is that of classroom science teacher in which we
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expect that they will filter the adult learning experiences through the lens of how it might be
adapted to the middle school student. For some teachers, their journal summaries did indicate
their ability to engage as learner and for them, the adult learning opportunities were very
powerful. Responses such as “this is challenging my way of thinking” and “these are real-life
applications of science” did not include the classroom science teacher filtering so often done by
others. One teacher wrote, “Adult learning is a nice change,” and another teacher said that the
summer “deepened my understanding of how science and technology are intertwined and are
major underpinning in our world.”

Of the teachers who had a more difficult time separating the two roles, some saw value in
the two week summer academy only if it seemed readily applicable to their own classrooms.
Those teachers wrote things like, “I might be able to bring in fuel cells to the students and give
them a deeper understanding of where the technology is taking us but I am not sure about where
it meets the standards” and “almost all of the laboratory tests could be easily replicated in our
classroom with our students, which is a very big plus.” They objected when the concepts were
too complicated or challenging for them, usually because they did not see how they could scale it
down to their own students. One teacher said, “This might work with my students but I would
have to do some serious modifications.” Another teacher wrote, “How in the world could | get
middle schoolers to get this heady stuff? It is hard enough for me.”

Another element emerged in many of the journal summaries. The value of the scenario
approach seemed to provide deep learning and a connection to a possible technique for the
classroom. “Scenarios are a good way to get depth out of the learning process,” wrote one
teacher. Another said, “We were impressed at how much we were learning about fuel cell

technology and engineering by having to do this project.” Finally, another teacher commented:
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A few of us on the team weren’t sure about the challenge because we felt that the fuel cell
itself wasn’t essential in energy generation. But this scenario idea was actually quite an
enjoyable activity coming up with ways to make a model that works and then figure out
what it would take to scale that up to a real production model. As a challenge, it was
both fun and educational. We were impressed at how much we were learning about fuel
cell technology and engineering with this project. We got to see, on a smaller scale,
some of the advantages and disadvantages of the fuel cell technology including working
out the approximate cost for our design.

Anticipating the “Act” Phase. To prepare for the “act” phase, we will gather the teachers
together in Richland, in the early spring of 2009, for another focus group meeting where we will
craft a set of recommendations for partnership programs in general. Those recommendations
will initially impact the final summer (2009) for the teachers, but more importantly, they will be
used to both inform the literature on professional development for science classroom teachers as

well as give future direction for these types of programs at PNNL.

Summary
From reflections in science notebooks to field notes of side conversations, from whole
group analysis of strengths and weaknesses to journal summaries of experiences, the second
summer academy was replete with many data points. We felt we had provided multiple
opportunities for reflection and dialogue to enhance our collective understanding of the value of
the partnership. The problems that emerged in the qualitative case study that first summer were

turning into opportunities to think about the partnership in a comprehensive way. We were also
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beginning to give shape to emerging recommendations for partnerships, which was the intended

outcome of the action research cycle.
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Chapter 4
CONCLUSIONS, RECOMMENDATIONS AND REFLECTIONS

The overall purpose of this study was to (a) explore the experiences of middle school
science teachers involved in a partnership program between scientists and teachers at the Pacific
Northwest National Laboratory, including the impact of the program on their professional
development, and (b) to improve the partnership program by developing a set of
recommendations based on the study’s findings. The research questions that guided this study
were: (a) What are the perceptions of the middle school science teachers of the value of the
partnership model in regard to their own science literacy development? (b) What are the
strategies of professional development the teachers found most valuable when working with
scientist-teacher partnerships to develop their science literacy? and (c) What other elements of
the summer academy assisted the teachers in developing their own pedagogical content
knowledge in order to deliver science as a classroom teacher more effectively?

In the following section, the conclusions reached by me and my co-researchers are
presented in juxtaposition to the recommendations we are making for future partnership
programs. | have chosen to represent the information in this manner to tightly link together these
final elements of the study. It is these recommendations that will shape the “act” phase of the
action research cycle as we move forward with the third and final summer (2009) of the three

year academy.

Conclusions and Recommendations

Through engagement in this action research study, we have reached five main

conclusions that center on the critical components of the scientist-teacher partnership for
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professional development. First, scientist-teacher partnerships form a unique contribution to the
professional development of teachers of science that is not replicated in other forms of teacher
training. Second, the role of the science education specialist within the scientist-teacher
partnership model is a unique and vital one, impacting all aspects of the professional
development of the teachers. Third, there is a paradox for classroom teachers as they view the
professional development experience from two different lenses — that of learner and that of
teacher. Fourth, learning for the teachers must be designed to be constructivist in nature. Fifth,
the principles of the nature of science must be explicitly showcased to be seen and understood by
the classroom teachers. These conclusions are further explained in the paragraphs below and are
explicitly linked to recommendations for partnership programs in general and for future PNNL
partnership programs specifically.

The first conclusion we reached was in regard to the strategy of partnerships between
teachers and scientists in an industry such as a national laboratory. We believe the partnership
model to be a powerful strategy of professional development that benefits both the scientist who
chooses to engage and the classroom teacher who chooses to enroll. But for partnerships to be
an effective way to impact a teacher’s thinking, teaching, or both, the partnership must be a
collegial exchange in which both partners trust they have something to gain. For the classroom
teacher, the gain is in a deeper understanding of the core content embedded in science as well as
an enriched idea of how science is done in the real world. It opens the teacher’s mind to a more
complex conceptual framework for understanding science itself — a real world application of
what a scientist does and how and why he or she does it. For the scientist, it is an opportunity to
become familiar with the realities of a school system and the need to become an advocate for

quality science education. It allows the scientist to perform a role different from his or her
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traditional roles in education as science fair judge or expert speaker; the partnership promotes a
more collaborative and authentic role of sharing one’s life as a scientist and deep knowledge of
science with classroom teachers.

This first conclusion of the study leads to a recommendation that scientist-teacher
partnerships be based on shared beliefs that guide the work, including that each member of the
partnership has a valuable role to play in educating the other about their differing worlds and that
each of those roles is important in the overall educational purpose of building the next generation
of young scientists and engineers.

The second conclusion, and perhaps the most significant one for me, was in regard to the
critical and complex role the science education specialist plays in partnership programs. Often,
the role is defined merely as establishing a relationship between the teacher and the scientist-
mentor, but we found the role to be much greater than that. The science education specialist, as
the significant third player, must intuitively monitor and adjust the professional development
program from initial conception to final closing. This role involves balancing the world of the
teacher with that of the scientist while being knowledgeable of the elements inherent in each
world. For the middle school teacher, the science education specialist weaves together
knowledge of the classroom and the pedagogy of teaching with an understanding of how adult
learners learn while helping the teachers link the science they are learning to their own classroom
teaching. The science education specialist needs to know the knowledge and beliefs of the
teachers, the context and critical issues linked to their teaching environments as well as the
design elements that are involved in creating high quality professional development planned for
the acquisition of science content. For the laboratory scientist, the specialist needs to know the

uniqueness of the laboratory setting in which the scientists practice, along with a strong
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understanding of the principles of the nature of science that exist at PNNL, and the needs of the
scientist-mentors who are taking time away from their busy schedules and demanding research to
partner with classroom teachers. Thus, the science education specialist’s role can be seen as the
builder of a bridge (see Figure 2) between the scientists who deeply know their science content
and the classroom teachers who are grounded in the pedagogy necessary to teach in the middle

school classroom but may not have a full grasp of the science content.

SCIENTIST CLASSROOM
content TEACHER
pedagogy

Figure 2: Role of the Science Education Specialist

The recommendation, related to this second conclusion, is to engage a science education
specialist who can bridge the two worlds of teacher and scientist, early on in the conceptual stage
of a partnership. The specialist should have a background in teaching as well as a developed
relationship with the various scientists who have expertise to share. The specialist should have a
strong background in professional development with teachers of science as well as former
teaching experience in the K-12 science classroom. Drawing on each of these skills to enhance
the pedagogical presentations given to the science teachers will bring a high level of credibility
to the role of specialist and to the partnership.

The third conclusion of the study centers on a paradox for classroom teachers as they
struggle with two roles they must play when engaged in the scientist-teacher partnership model

of professional development — the role of teacher-as-learner and the role of teacher-as-teacher.
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We found that some teachers were readily able to use a learner lens when engaging in adult
learning of science concepts, but other teachers were not able to settle into adult learning
activities without constantly filtering all new learning experiences through their teacher lens.
This filtering often caused them to reject a learning experience that was intended to develop their
own science literacy, because they could not imagine how to scale down the science content to
the level of their middle school students. All teachers were more willing to suspend judgment on
the applicability of a learning experience to their classrooms, when asked specifically to wear
their learner lens to wrestle with new conceptual understandings. They were willing to do this if
they knew time would be set aside later to wear their teacher lens and work collaboratively with
their teaching colleagues to make connections between the science concepts and the science
curriculum and state standards used in their classrooms.

The recommendation linked to this third conclusion is that the science education
specialist and scientist-mentors be very intentional about when each lens — the learner lens or the
teacher lens - should be used to filter the science content. First, when the teachers are engaged
as adult learners with a learner lens securely in place, the content should be sufficiently
challenging as to create a level of cognitive dissonance (Thompson & Zeuli, 1999) or challenge
their beliefs, making the learning transformative for them. These learner lens experiences should
include time for the teachers to discuss with one another and with the scientists and to challenge
each others’ thinking to make sense of what they have learned. Then, interwoven into the
academy, should be time to allow the teachers to wear their teacher lens as they work together to
situate their learning in the context of their classrooms (Loughran, 2007). They need time to
think together about what content is appropriate to their middle school students and how they

might approach the delivery of that information as a part of their teaching pedagogy.
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The fourth conclusion is closely related to the third conclusion. In order to accomplish,
through a scientist-teacher partnership, professional development that is meaningful both for
teacher as learner and teacher as teacher, a constructivist approach should frame the learning
experience. However, the scientists involved in these partnerships typically do not have the
intuitive or professional knowledge to teach in a constructivist fashion. The scientists bring the
critical asset of content knowledge to the partnership, and many have experience as didactic
lecturers. But to engage in a constructivist approach, the scientist must assume the role of
facilitator of knowledge acquisition, not deliverer of content, which, for most scientists, is a shift
in thinking about their role. The scientists involved in these partnerships typically need some
level of development to engage in constructivist teaching.

Thus, we recommend that the science education specialist play the role of “coach” to the
scientist-mentors in regard to delivering the content in a way that will be accessible to the
classroom teachers. The scientist needs to create a learning environment that is orchestrated
with opportunities for hands-on learning activities and discourse as each new learning is
constructed for the teachers. Since this entails reorganizing prior knowledge to accommodate for
the new learning (Schmansky et al., 1997), the scientist, with the help of the science education
specialist, creates a collaborative and collegial community of learners doing, thinking, talking,
writing, and reading about science.

Finally, the fifth conclusion of the study is that teachers involved in the scientist-teacher
partnership do not automatically acquire a sense of the principles of science at play in the work
of the scientists. Rather, beyond providing opportunities for teachers to observe the scientists at

work in the laboratory, the scientists’ work must be intentionally showcased and linked to the
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nature of science principles found in the science education standards (NRC, 1996; Abd-EI-
Khalick & BouJaoude, 1997; Lederman, 1999).

The recommendation linked to this conclusion again involves some work on the part of
the science education specialist who must be explicit and diligent in capturing examples of those
principles in real life vignettes for the teachers to witness in action at the laboratory. Since the
partnership offers potential for impacting the way teachers learn and subsequently teach about
the nature of science to their students, it is further recommended that the teachers have time to
search the internet and then discuss and adapt examples of activities that best model the nature of

science principles to their middle school students.

Reflections

If we are serious about the science education of children in our schools, we should be
equally serious about supporting the professional development of the classroom teachers who are
charged with the task of teaching science. If we are to meet the nation’s needs for a scientifically
literate citizenry, not to mention skilled workers, we should look to professional development
programs that give teachers the opportunity to expand their knowledge while developing their
pedagogical skills and laboratory expertise. It is my contention that partnerships between
scientists and classroom teachers are a valuable professional development model that shows
great promise.

One of the criticisms of partnership programs sponsored by national laboratories around
the country is that the impact sits solely with the teacher who participated and does not impact
the system as a whole (NRC, 1996). Perhaps this is true, but further research needs to be done

on the long term impact of programs such as the PNNL program in this study. We, at PNNL, see
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K-12 teachers who have *“graduated” from our partnership programs emerge as school district
leaders of professional development, as members or leads of curricular adoption committees, or
as participants on leadership teams working on science education reform. In addition, many go
on to identify themselves as building-level science specialists, or to move into science education
specialist jobs with laboratories to work on developing partnership programs.

My future research aspirations find me wanting to know more about the impact of the
partnership program in professional development at the student level. | want to examine what
happens in classrooms after the teachers leave the academy. What does the teacher do with the
new knowledge when teaching in their classrooms? What impact might this have on the students
they teach? Is it possible to see evidence of the partnership in student outcomes such as an
enhanced understanding of science?

I am also curious about the impact a summer academy experience might have on the
success of a professional learning community in a school building. What elements of the
academy could the science specialist design to create a learning community among the
participating teachers? How could the partnership play a more direct role during the school year
in developing professional learning communities where the teachers work? What role might the
scientist play in that learning community? How could the scientist be engaged in delivery of
additional content as the teachers work with their colleagues on the pedagogy of teaching
science?

In addition, | am interested in understanding how partnership programs impact teachers at
different grade levels such as elementary and high school. The content understanding of each of
these levels of teachers is significantly different. How does the constructivist nature of the

partnership change to accommodate elementary teachers who have little to no understanding of
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the content of science? How do we create powerful learning in those high school teachers who
have a high degree of understanding of their content?

Finally, I wonder about the difference in the impact of the eight-week immersion model
in which high school teachers are paired with a single scientist to conduct research versus the
two-week partnership program studied here, wherein a group of teachers and scientist-mentors
engage in a teaching-learning cycle embedded in a scenario. What is the role the science
education specialist plays in each of these venues? Can the science education specialist impact
the eight-week immersion experience as significantly as the partnership program? Which of
these programs, the immersion or the partnership, is the most valuable for elementary teachers,
middle school teachers or high school teachers?

I now see myself and my work in a different light. It is through this action research
experience that I truly have begun to more fully understand the critical role I play as the science
education specialist in partnerships at the lab. Certainly, | learned a great deal about
collaborating with others in action research and the sense of empowerment it brought to the
teachers in this study. I also know how important action research can be in learning how to
create a professional development design that is more powerful for teachers. | also learned about
my resiliency in the face of difficulty. After the first summer academy, when some of the
teachers railed against the professional development program we had crafted for them, it was
difficult, at best, to accept their frustrations without passing judgment on those teachers. | saw,
in myself, a willingness to focus on a serendipitous research opportunity, not a reason to give up,
and it is that aspect in my quiet tenacity that | believe has impacted me more than anything
through this research. | have such passion for science education and the professional

development necessary to achieve science education for all. It is that passion at my back that
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will propel me forward in my journey to uncover new understanding of professional

development design using partnerships as a venue and action research as a methodology.
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Appendix A
Professional Development Design Framework (Loucks-Horsley et al., 2003)

Professional Development Design Framework

Commit to Analyze
Vision and Student Set Goals [SVETE ]
Standards Learning and

Other Data
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Appendix B

Teaching & Learning Model at PNNL

NCISE (1989)
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Appendix C
Scenario/Design Challenge from Summer 2007

TO: DOE/ACTS Consulting Group
FROM: Management of Battelle — Office of Building and Management
SUBJECT: Laboratory Space Blueprint

DATE: July 23, 2007

Battelle is in the process of examining proposals of design blueprints for a new laboratory
building, the Physical Sciences Facility, to be located on the Horn Rapids Triangle just north
of the Pacific Northwest National Laboratory (PNNL) campus in Richland, Washington.

It will be part of PNNL's strategy for replacing nearly 500,000 square feet of office and
laboratory space, due to the demolition of many of the Hanford Site's 300 Area facilities in
Eastern Washington.

Battelle is requesting the DOE/ACTS Consulting Group to submit a proposal to:

Design a 200,000 square foot office and laboratory space to house 1000 staff members. The
laboratory space must include radiological laboratories and physics/engineering laboratories.

® The Lab space will have:
— no windows;
— once through air;
— approximately 200 cubicles of 500 sq ft each; and
— if radiological in nature, separated from office space and able to be closed off in
case of contamination.

® The Office space needs to be:
— as near as possible to the laboratory space;
— as near as possible to like groups (assume each group has 40 people in it);
— considerate of “quality”” of workspace; and
— as energy efficient as possible.
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Appendix D
Open-Ended Interview Questions — Fall 2007

The following open-ended interview questions formed the basis of the semi-structured
interviews conducted in the Fall of 2007 for the qualitative case study:

1. Tell me about your experience in the program at the lab this past summer? What was

particularly good/useful? Why?

2. What science content did you learn? How did you learn it?

3. Has this experience impacted you as a teacher? How? Why? Why not?
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Appendix E
Scenario/Design Challenge from Summer 2008

\ PRIZE | BT@

2008 X-Prize Fuel Cell Design Challenge

TO: DOE/ACTS Consulting Group
FROM: Robert K. Weiss, Vice-Chairman X-Prize Foundation
SUBJECT: X-Prize for Fuel Cell Machine Adaptations

DATE: July 25, 2008

The X-Prize Foundation of Santa Monica, California, in association with Pacific Northwest
National Laboratory (PNNL), is requesting your team to participate in a design challenge to
create a socially beneficial machine or piece of equipment using a hydrogen powered fuel-cell(s).

Your design must be based off of the fuel cell(s) provided to you at the DOE/ACTS Institute
during the summer of 2008.

In addition to a working model, your presentaion / submission must include the following:

Technical drawing and/or photograph of your prototype;
Written description of materials required;

The estimated cost of full-scale;

An energy flow diagram.

Eal NS

On Wednesday, July 30", your team will be presenting your model and the associated documents
to a panel of scientists gathered to assist you.
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