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interconnected ideas that build and support one another. As an example, | often see the results of this approach
when asking students to incorporate issues of social justice/equity into their science classrooms and they
respond, “We already did that in our Teaching in a Diverse Society course.” In my opinion, given the
experiences we provide these students, we should expect these types of responses.

Venture

Settlage (2008) reminds us to not lose sight of the past for the rich and important guidance that those ideas can
provide in a modern context. To this end, this venture borrows heavily from the progressive movement which
articulated that a holistic approach to teaching must take into account not only subject matter but also self and
social understanding to realize the democratic possibilities within education (Dewey, 1997/1938). Informed by
this Deweyian spirit and a reconceptualist curriculum lens, | wish to interrupt this disconnection using a multi-
layered holistic integration strategy.

I am currently working with my departmental colleagues to integrate our content-area courses within the
current structure of our teacher education program (social studies, mathematics, literacy and science). This is
being done through co-teaching and combining class sections around issues of energy, global warming, and
other large-scale easily integrated topics. This is made possible because all students, in our K-3 program, are
concurrently enrolled in a cohort model as well as field placement in local schools. The final 2.5 years in the
program are mapped out for students in this manner, which affords our program some flexibility in combining
sections and creating experiences for students to envision how classroom content intersects with important
social issues that span multiple content areas. In addition, we have blocked out four Friday mornings sessions
(12 hours total) where each instructor takes the lead in a particular integrated lesson/project. We feel this is an
essential element of creating dynamic elementary educators who better understand the complexity of providing
meaningful and intellectual approaches for children.

However, this initial approach feels incomplete in facilitating students to better understand the larger theoretical
foundations for their teaching choices made not only by their content area professors but also their own future
teaching actions. Thus, the second stage of the integrative process would be to reconstruct our undergrad course
sequence structure. Instead of several disconnected courses, students would sign up for 12-15 hour credit blocks
at a time (as opposed to four or five separate courses...although the transcripts would still list the individual
sections to address NCATE and State mandates). The goal would be to integrate curriculum and pedagogical
theory, political and socio-cultural issues, along with standards-based classroom content. This approach would
allow the university teaching team to clearly work through many of the essential elements of our teaching:
theoretical foundations informing aspects of curriculum, pedagogy, and assessment, particular political stances
embedded in our teaching actions, critiquing of institutional mechanisms that structure inequity, and lastly how

to develop meaningful content approaches within these larger issues. It is my hope that this venture would
mitigate the ever-increasing distance between theory and practice as well as restore a measure of intellectual
curiosity to science teaching and learning.

There exist many overarching questions surrounding this venture, which need further interrogation to refine
and negotiate future opportunities (listed in increasing importance to the author):

* How have others handled structural difficulties associated with transcripts and state requirements
associated with combining traditionally separate courses?

* With increasing grade level there is increasing content demands beyond the College of Education...how
does this complicate these ideas? Is it conceivable that this approach may be most appropriate for use in
K-3 or K-6 teacher education programs as opposed to secondary programs?

e Are undergraduate students developmentally [sic] ready to be presented these broad interconnected
ideas and be able to transition into schools that are increasingly compartmentalized...particularly in the
context of their own K-12 experience?

* Would this alleviate or exasperate the common refrain “just tell me what to do in my classroom” and
facilitate teachers viewing their classroom work as intellectual?

| believe that this approach offers fruitful avenues to begin to challenge future teachers to envision themselves as
more than just someone who can implement pre-packaged curricula. The hope is to develop teachers with the
passion, courage, and intellectualism to stimulate the beauty of learning in their students.

2-4 October 2008; Alta, UT



THE POST-TENURE PATH TOWARDS
SOCIAL JUSTICE IN SCIENCE EDUCATION
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My situation

I just received tenure at a teaching college—a public liberal arts college. This means, for me, finally returning to
what brought me to graduate school thirteen years ago: Social justice. I came to teaching in the first place, back
in 1987, as a venue where my talents and my political commitments came together. I loved teaching physics in
particular because it is both a high-status discipline and a set of very marketable skills. Preparing students of
color to perform well in physics suited me—I got to work with subject matter that I love (what could be more
interesting than physics?), and my students were prepared to both enter well-paid jobs (like engineering) and to
use the cultural capital that comes from scoring well on the AP Physics C exam. I taught at that rare place—a
very well-funded school with a population that was predominantly non-white and predominantly poor, and yet
that affluent white parents were happy with. Eventually, however, I became troubled with the way I saw the
status quo being reproduced even at this caring, academically excellent school; I went back to graduate school
hoping for some time to think about this system, study it, understand how it worked, look for its weaknesses and
devise ways to dismantle it.

Of course, that’s not exactly what happened to me in graduate school. I gained some theoretical insights into the
U.S. public education system, and I developed some tools that let me further those insights. I even identified
some points of weakness and how to apply leverage to those points, to pry the system open a bit. However, I also
got onto the academic train, a train with enormous inertia, from which one either is forcefully expelled or exits
only at particular stops. I got out at one of those stops, found myself on the tenure track, obligingly got onto
another express train, and did what I had to to stay on that train—I said what I needed to say and wrote what I
needed to write, and I bit my tongue so often that I'm afraid I amputated parts of it.

Along the way, my focus narrowed from school in general to science to science and higher education, due more
to a series of lucky accidents than to any considered decision. I never lost sight of my commitment to social
justice, and I have tried to live it out in every class I've taught; but at this point, I'm worried that my research
pursuits have diverged from that commitment so far that now I can’t straddle the distance between them.

Vexation

I want to figure out how to unite my research with the reasons I left high school teaching for the academy. Now
that I've got tenure, I don’t want to waste it.

In working through this, I've compiled list after list—of people whose work I admire; of the assets I can bring to
the struggle for social justice; of the obstacles I see, and the things I'm afraid of. My lists alone top the 1500
word limit for this proposal. Of all those lists, I think I would most like to end my vexation with the shortest
one—the two things I am afraid of: 1) That if I write what I want to write—radical feminist analyses of the
experiences of women of color in the sciences—I won’t be able to get it into press; 2) That if I do manage to get
my work into press, it will make no difference; it will languish on library shelves or in hyperspace, unread.

Venture(s)

In the short term (this year): Draw on great thinkers on social justice to a) justify the importance of studying
science education, and b) point to an appropriate theoretical lens for doing so. I've been working on this venture
on several fronts.

Front #1: What does multiracial feminism tell us about why and how we should study science?

Some background: According to Zinn and Dill (1996), multiracial feminist theories recognize that “systems of
domination” affect everyone, not just those who are on the stigmatized end of the systems. We live in what
Collins (1990) calls a “matrix of oppression,” and the same structures of race, class and gender which “create
disadvantages for women of color” also “provide unacknowledged benefits for those who are at the top of these
hierarchies” (Zinn & Dill, 1996, 327). Multiracial feminist theories examine both social structures and individual
agency; how “within the constraints of race, class, and gender oppression, women create viable lives for
themselves, their families, and their communities " (Zinn & Dill, 1996, 328).

2 . .
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So how do these insights apply to the study of science education? Why should we study science education? Who
should we study? What questions should we ask? How does this confirm or challenge some of the ways we're
currently conducting science education?

Also, a lot of research at the intersection of race, gender and science education uses the concept of identity.
However, it is used in all sorts of ways: psychologically—who people feel like they are; anthropologically—what
kinds of people are allowed, expected, celebrated, marginalized within certain settings; sociologically—the
common experiences of people who share particular characteristics. If we start from the insights of multiracial
feminists, is identity even a good way to approach the study of women of color in the sciences (my own interest),
and what definition would be appropriate?

Front #2: What s socially just science education? How can we identify it when we see it? How can we train
new science educators in it? 1 would like to explore the relevancy of some great thinkers on justice and
education to what goes on in elementary science classrooms. I've already begun this with two colleagues, Heidi
Carlone and Mark Enfield.

What we’ve started on: How does Ladson-Billings’ (1995) framework for culturally relevant pedagogy play out in
science classrooms? Does it work as-is, or need to be modified for science? If it doesn’t work, what could we use
instead?

Possible next steps: What other frameworks have been proposed within science education? What are their
strengths and weaknesses? What other frameworks outside of science education might be useful?

Another big question: Should this conversation be more wide-ranging, and if so, what formats could we use to
bring more people into the conversation? We have proposed an AERA session which includes a whopping 26
scholars, and is a good place to start—assuming it’s even accepted. But how can the traditional means of sharing
theory and research—journal publications, conference presentations—be used creatively to open discussion?
What other formats could we use? Who should be invited into the discussion, and how?

Longer term (sabbatical project next year?):

Bringing my ongoing research (a long-term ethnography of about twenty women of color who majored in science
and are now 77-9 years into their post-graduate careers) to a wider audience. I fantasize about having the impact
of Lisa Delpit or Jonathan Kozol. Their work is so immediate, so far-reaching, so much less obscure and less
exquisitely narrow than my own work. But I have so many questions about this approach that I don’t even know
where to start.

Is there even a larger audience interested in this intensely specialized topic? Alternate version: How can I tie in
the experiences of these women to themes of more general interest?

Should I re-interview all the women at this point in their lives? Or should I concentrate on getting the word out
about their college experiences, now ten years in the past? My fear, of course, is that I can never get current,
because interviewing and analyzing take so much time.

How do I keep myself from just generating lots more scholarly articles? How do I turn the results of
methodologically rigorous research into something readable and engaging, without losing the rigor but without
losing my intended audience either?
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PERSONAL IDENTITY AND INSTITUTIONAL VENTURE
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Vexation

As conference organizers, we maintain this strict rule of “all conference attendees are also presenters.” In the
Crossroads format and attitude, this is appropriate, but even I get frustrated with the amount of effort this
requires. It’s not so much the extra work required to produce a coherent paper, but the reconsideration
needed to come up with a new vexation and venture. For many of us, we have recurring vexations and we are
continually working on the same project. 'm always delighted to see people who evolve a previous venture
into a new one, or who are able to show progress and adaptation. In my case, I feel as though I haven'’t really
made progress on my past ventures, aside from new directions and the laying of foundations for future work.

The challenge in coming up with something “new” is that there’s a natural tendency to try to create something
new, and this “something new” seems to be something that you would either need to finish in the next year
(before you propose something else to Crossroads, provided you feel an intrinsic need to attend and/or you
are a conference co-organizer) or something with so many pieces that it has a continual vexation and venture
to be focused on. In many ways I've always pictured “vexation” as a natural and necessary state for
professional and societal change. I should always feel so “vexed” about my professional life — to feel otherwise
would be to be an inert body in an interactive field. I'd just be adding dead ballast to the vessel, and not doing
much to even entertain myself in the meantime.

On the other hand, the things I often feel troubled by and naturally want to address are things that simply
require more work. My office needs to be organized. I need to read some things. I need to put more effort into
writing. I need to push forward a course proposal. These, very necessary and sometimes even innovative
things, are still just the equivalent of making sure that there is enough air in the tires to get to the next
destination. Or, more analogously, these are the different turns that I need to negotiate and the hills I need to
climb to get things done. At a Crossroads, these aren’t always interesting to dwell on too much, and I feel like
I'd just be wasting the time of others to bring them to the table.

The Crossroads topics that get the most attention and care are those that have a radically new initiative, and
sometimes I wonder if we can individually sustain this. Or maybe I'm just getting lazy in my own proposing.

So here’s where I am left. I don’t want to bring the “I'm still working on that idea for a new (book,
journal, conference, etc. — fill in the blank); what should I do now?” Not exactly. I'm at the point where I need
to bring up the “I've been on sabbatical and I've really been thinking about my career and my identity as a
science education scholar.”

“Identity” is nothing new to this venue. It’s been a piece of research frameworks that many use to look at
learners (teachers and students) with, and individuals have considered their own identities as researchers
(Cox-Peterson, 2007), teachers (Ceglie, 2006), students (Drits, 2007), and even administrators (Meadows,
2007). My sabbatical has given me lots of things — time to walk the kids to school, time to write, time to plan,
but mostly time to think a bit about what I'm doing. There’s never enough of this.

I've long thought that one of my “problems” was that I could find too much to do. Some context: I'm stationed
in a department of physics within a college of science, where I've earned my promotions by doing research in
science education and teaching some of our science ed coursework, in addition to physics coursework. And,
where I'm positioned is at a regional, undergraduate-focused teaching university with a strong research
mentality in many departments — mine being one of those. That is to say, I teach generally 3-4 courses and
some labs each semester, as do my colleagues, and I and others still get a publication or two out in a year,
along with a couple of conference presentations.

The uniqueness of this combination means that I also get to do a fair amount of service. In fact, my service
and research and teaching blend fairly well, with Crossroads being one of the best examples of this. Being
within the walls of a college of science but doing research as an educator means that I'm called on often, even
though my position is not well understood all the time. This ranges from being literally in a circus show — a set
of physics demonstrations during an open house — to being called upon for committee work and task forces to
being the go-to-academic when a grant proposal needs an evaluator documented on the project team. Most
notable (beside Crossroads) are the efforts I've taken on that have strong community service components.

Science Education at the Crossroads
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This ranges from consulting with our planetarium and science museum to actually bringing an outreach
program to our public parks during the summer.

Back in those days when I was in graduate school, I really did dream that I would land this kind of teaching
position at an undergraduate focused institution, but be able to maintain a high profile research record. The
research record, I've realized and accepted, will never be award winning. I'm more hopeful, though, that my
combination of teaching, research, and service, will become coherent and notable, at least in a particular local
context. To make this really happen, though, I think I need a different structure.

Interlude

...shit young feller, you ain’t got started yet and the reason’s cause you trying to do it outside
yourself and ain’t looking in and if you wanna by god write pomes you gotta write pomes about
what you know and not about the rest...

David Lee, from “Loading a Boar,” in The Porcine Canticles
Venture

In the past at Crossroads I've Vexed and Vented ideas that were relatively grand. True, I placed myself in these
contexts and suggested specific courses of action for myself, but I considered fairly global issues, such as
reforming how we communicated as scholars in the field. I've derived a great deal of benefit from these
ventures, even as they haven’t completely taken shape. They are, I now realize, long term and enduring efforts
that I can’t jump into quickly. A part of me reached for these ventures, and I thought they were within my
grasp more immediately. I think, though, that (as our poet for this year’s Crossroads writes) I “ain’t got started
yet . . . ‘cause [I'm] trying to do it outside[my]self”. The venture I need to work on right now is me and my
immediate environment. As a fairly lonely science educator engaged in what a friend refers to as a
“burdensome undergraduate teaching load” — one I take on joyfully — I think I have a unique situation. I also
don’t think I can sustain this particular uniqueness forever.

I've engaged in a conversation with others in my college — a college of science — about what my role is within
the college and the university. Basically, it comes down to the fact that I can maintain a nice position with
some nice projects and some nice papers and some nice teaching. But I want to sustain a culture of science
education research, outreach, and interactivity within the walls of the university and beyond. Many ways exist
for this to work, and I could be foolhardy and continue to write outside myself and think too grandly and too
vaguely. I also need to be aware of what specific goals are tenable at my institution and within its environs.

So here’s what I want: a college of science that does not simply host a science educator here and there, as
departments see fit. We also should not separate a planetarium, natural science museum, and center for
science education into small, isolated confines with missions that do not get recognized in the grander mission
of the college. Instead, these entities for science education for the university and the greater community
should be united in their efforts, both through leadership and funding. Further, the college should specifically
push to engage departments in science education research by having faculty lines dedicated to scholarship and
service in education.

That’s a lot of want, especially if it had no particular direction. I realized this while sitting down with my dean
and department chair one morning in May. This doesn’t fly without funding or directive. That’s when I pulled
out of my hat one of my long term but still inside myself ambitions: we should host not just a center and
faculty with a mission, but an entire program that this will all fit under. This new program could be its own
department, offering the college’s first master’s program, in science education.

Typically in my venture, this is where I detail exactly how I believe this is going to go, what I'm going to do to
make it happen, what it should entail. But for this I'm at a loss. I need advice about if this is a good heading to
take, suggestions for models of the program I envision, and words of advice and caution. Is starting a master's
program in science education a viable step toward my grander vision? What issues must be considered when
trying to establish a comprehensive center? Are there aspects of my identity that I should be prepared to lose
if I move forward? Should I more thoroughly reconsider my identity as a science education scholar and where
I place myself? And how does one, pragmatically, push an institution towards restructuring (if that’s
necessary)?
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Vexation

As a science teacher educator in California, I find myself faced with a professional (and personal) frustration that
has me questioning my continued participation in pre-service teacher training and my identity as a science
educator. My entry into science education took the form of a chemistry TA as I worked toward my Ph.D. in
science, followed by some detours and then 5 years as a high school chemistry teacher. I then changed roles and
worked as a science educator and program coordinator at a natural history museum, where I worked closely with
elementary and middle school students and their teachers. As a result, I find myself with research and teaching
interests both in science teacher preparation, as well as understanding learning in out-of-classroom settings.
While I feel that these experiences and interests afford me unique perspectives, I sometimes find myself being
pulled in too many directions. Recently, some changes and mandates within our secondary science credential
program have left me questioning the utility of teacher education and subsequently my role as a science teacher
educator.

The root of vexation. Beginning this July, prospective teachers will be required to pass a series of high stakes
Teacher Performance Assessments (TPAs) in order to be recommended for a credential. Each of the four TPAs
presents different classroom scenarios and prompts—the future teacher must consider each situation and provide
answers to a series of essay questions regarding instruction. Students will be graded by trained assessors who
must examine every component of the TPA, looking for correct answers that are well-supported with examples:.

I am not necessarily opposed to a high stakes test where the future teacher must demonstrate a particular level of
competency. Prior to this, competency was based on passing a basic skills test (CBEST), a subject-matter test
(CSET), completing over 40 units of post-bac units, and a semester of student teaching where prospective teachers
were evaluated by a university supervisor and the cooperating teacher from the school. However, it would seem
that legislators (not necessarily educators) felt that this was not rigorous enough—so another assessment was
born. Personally, I think the spirit of the TPA is fine; I do feel, however, that this instrument is rather long and
repetitive. Although the reliability of the test and training has been established, there have not really been any
validity studies indicating that this particular assessment is a good predictor of teacher effectiveness or even
teacher retention.

Beyond validity, a major problem lies in implementation. With no funding available for implementing or
assessing, and an unwillingness of the university to pass costs on to students, it was decided that these high-stakes
TPAs would be situated within 4 of the 9 education courses required for credential students. So now we have
students taking tests designed as summative assessments of their teaching aptitude before they really finish the
program. Instructors are now required to become unbiased assessors who are required to grade TPAs (in addition
to their course responsibilities). What is worst is the fact that one of the TPAs had initially been situated within a
pre-requisite class, originally designed as an introduction to teaching science, providing students with a first-look
at what it means to be a science teacher.

This preliminary class features discussion of science teaching philosophy, demonstrations, science classroom
management, inquiry, instructional methods, and adaptations for specific learners is addressed. In addition,
students are required to complete at least 45 hours of fieldwork—observations and participation in local middle
and high schools. The course is a mile wide and an inch deep—not ideal, but it gives students a feeling as to
whether teaching is the right path for them. This pre-requisite class has been a challenging class to teach, and I
hope to have helped students begin to understand that getting a credential may have some logistical hoops to
jump through, but that there is also important information that they need to reflect on as future science teacher.

Questioning decision-making. The addition of a component of this high-stakes test to this already full course,
originally designed to help students confirm that science teaching is a profession they wish to enter, has led me to
doubt the wisdom of administrative decision-makers. The ‘TPA-added’ class would now be geared toward
preparing students for this test. Those who oversee these decisions have not yet admitted that the structure of the
class would or should change, again leaving me to question their objectives—supporting students, or finding the
easiest path for compliance. This August, with less than a week until the start of classes, the TPA was removed
from this introductory course and re-positioned in another of the required credential courses. I believe that
changes in administration, along with persistent ‘nagging’ across the university helped to facilitate this change.

Though it might sound as if I am resisting more work, resisting change, I would suggest that there was not enough
change here, and that placing the high stakes test in this class represented a lack of foresight, and sent an
inappropriate message to prospective teachers. That message sounds to me like “So you want to be a teacher?

| Sanéples of TPA assignments can be found at http://www.ced.csulb.edu/single-subject/resources/documents/tpa.cfm
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Great! Here’s a high stakes test—better get used to it.” This experience with the TPA, coupled with other

observations of top-down decision-making, has strengthened my concerns about how political the ‘field’ of

education can be and how potentially difficult it is to promote reform. I see too many examples of educated

educators who seem to have lost touch with the bigger picture and ignore good practice. I find it difficult to ignore

this broader picture, although I know that I may be better off if I simply follow directions and do the best I can
within the constraints as they are handed down.

Venture

This experience has led me to a crossroads where I question my role as science educator. While I like to think that
I can still help prospective science teachers as they discover the excitement and challenges of the secondary
classroom, more and more I find myself at odds philosophically with top-down mandates (from the state, from the
university, etc.) that seem to ignore good pedagogy. I am finding it hard to shrug that off. As a graduate student
in education (not science), I was quite interested to read about dissenting opinions explaining that the role of
colleges of education was obsolete. With my five years of experiences as a professor, I find myself questioning my
association with a college of education, and my role as a teacher educator.

Venture 1. One possible venture would be to refocus my energy on another area of science education. As
mentioned, I am also interested in science learning beyond the classroom and much of my research agenda lies in
this area. This informal or free-choice science learning, as it is sometimes called, is often associated with learning
in museums or similar venues, or learning from media (TV, gaming, etc.) and is characterized in part by the
learner’s ability to choose when, where and with whom they will learn. Much of my research has examined how
teachers navigate informal science settings via fieldtrips, and I have continued interest in the interface between
formal (schools) and informal (museum) learning settings.

I recognize that no organization is without politics, and museum settings and the like have their fair share. Yet
these institutions are faced with less regulation and fewer mandates from government agencies regarding their
methods of science education. They are not told what to teach or when to teach and there are no standardized
tests used to see whether visitors are learning or whether staff members are explaining concepts effectively. This
is not to say that evaluation does not have a place in these institutions—rather that the goals and objectives are
defined by the institution more than external legislation. The challenge here, of course, is whether those who lead
these institutions understand how people learn in museum settings is in fact different from the classroom. Or if
these leaders have other agendas and issues that take precedence over the educational effectiveness of the
institution.

Leaving teacher education completely and refocusing on informal learning research has multiple implications. As
a faculty member at a teaching university, I must consider whether the department is flexible enough to allow for a
departure from secondary teacher preparation classes. I must also consider whether such a change would involve
Academia, or would require a shift to another institution for research or evaluation. Wearing two hats (formal
science education and informal science education) has been challenging (and exhausting at times)—focusing on
one may ultimately have positive personal impacts.

Venture 2. Certainly, a different venture would be to maintain my current balance between these two ‘realms’ of
research/teaching interest, and continue to push back at external forces that may be eroding what I feel is
important for the preparation of future teachers. (Note that it is not just about what I feel is important, but what
researchers and reform efforts suggest is important.) Perhaps my ‘nagging’ helped to made a difference in this
case—I would have hoped, however, that decision-makers at the college level would have understood the
implications of such changes for our students’ success (and retention) as future teachers. Of course, making my
concerns known takes much energy, and involves risks.

I might consider refocusing my research agenda to examine the effectiveness of the teacher preparation
programs—or at least the programs as implemented where I am currently a faculty member. How are these tests
impacting teacher success, retention, and ultimately, student success. I am unsure how best to do this, however,
and fear that the learning curve may be excessive (e.g. familiarizing myself with the literature more deeply.) It is
not a matter of avoiding extra work or confrontation, but rather a fear that as a professor going up for tenure, I am
already struggling with managing work (too much) and personal (not enough) time. And I'm simply not sure I'm
ready to table or limit my research related to informal science education.

Change is difficult, as we are faced with leaving the known and venturing into uncertainty. At this point, I'm not
sure whether either of these ventures are valid options. I recognize that such decisions are rather personal—
however, I hope that this discussion might serve to help those of us with multiple interests with ways to maintain
balance, foster satisfaction, and ultimately contribute to the profession of science education.
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Vexation

After thinking about situation recognition, I realized that a significant aspect of my current situation, as is likely
the case for a number of Crossroads participants, involves working with graduate students. As I began to work
through my vexation I set my sights on the science education doctoral program at my institution. We have a
large doctoral program housed in a large college of education. Certainly there are advantages associated with the
size and scope of our program, but there are notable disadvantages as well. Although a large program may have
its unique issues, I suspect some of the issues we face are common to programs of all sizes. In particular, I find
myself wrestling with questions regarding the purpose of our program, as well as how to structure a program in
a way that is flexible enough to meet the diverse interests of our students yet provides enough structure so that
students become well-versed in issues facing the field of science education.

As mentioned, there are benefits associated with being part of a large college of education. The most noteworthy
benefit, in my mind, is that faculty and students have access to a wide variety of scholars and a wide variety of
perspectives. The challenge that parallels this advantage, however, is that doctoral preparation is distributed
across a variety of departments and an even wider variety of faculty. From a student’s perspective, I wonder if
the experience lacks cohesiveness in terms of seeing how all the pieces come together. I also wonder how well
this arrangement works in terms of orienting students to foundational conversations in science education.
Faculty members associated with a particular program area should help students see cohesiveness and
understand key concerns, but even this can be challenging because developing a shared vision among faculty is
not a trivial task. At best, witnessing faculty with diverse interests negotiate the same working space may model
for students how to converse with others. At worst, I wonder if students become accustomed to seeing faculty
represent various factions. In the spirit of preparing students, faculty ought to have honest conversations about
what we hope to accomplish in graduate programs. What role should coursework serve? What kinds of research
experiences are appropriate and/or necessary for graduate students, especially those who aspire to pursue
research-oriented careers? What kinds of qualifying exams (or other ways of demonstrating competence) reflect
the ideas we hope to instill in our students? Ultimately, what does it take to ensure that a student is competitive
for—and prepared for—his or her dream job?

As is likely the case with other programs, we have a variety of students in our program—current and former
teachers, people transitioning from science to science education, full time and part time students, etc. Students
cite a number of reasons for pursuing a graduate degree. Some intend to become faculty members at institutions
of higher education and will be responsible for teacher education and educational research. Others intend to
remain in classroom positions, while others intend to work at the district or state level. In short, our doctoral
program, like many programs around the country, is responsible for preparing people for a variety of
responsibilities associated with education positions. In the spirit of reflective practice, it is important to consider
the strengths and weaknesses of our program in terms of preparing students to meet the demands they will face.
Beyond the particularities of our program, it is interesting to consider broader questions about the nature of
doctoral education and the training of educational researchers. How can a science education doctoral program
be structured to (a) ensure that students are well versed in practical and theoretical conversations in science
education and (b) model ways to contribute to important conversations taking place in the field?

I know the questions above are ones I need to answer for myself. But as I work through revising this paper I
realize I would really like to hear how my program faculty—and perhaps even the department faculty—would
respond to them. (The science education program is in the Department of Mathematics and Science Education.)
I would also be interested to hear how other programs approach these questions.

An issue related to graduate education is how to get students associated with research in ways that all parties
benefit from the arrangement. Within the field of science education, there are many people who have been
successful at building research programs that (a) focus on interesting questions and (b) bring together faculty
and students in productive and sustainable ways. I am impressed by people who have been able to build the kind
of research infrastructure that supports a steady stream of work. I am also impressed by people who are able to
build productive research groups. One advantage of a research group is that a group can accomplish much more
work than an individual researcher. Additionally, research groups can serve as a training ground for doctoral
students. Ok, I'll admit it—I'm enamored with people who have been able to build successful research groups. I
can easily see benefits associated with having students associate with research groups. Are there potential
downsides to such research groups? If so, how do you compensate for these downsides?

8 . .
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Venture

The comments in my vexation allude to my venture. It would be wonderful if someone would hand me a
productive research infrastructure, but we all know that that is not a plausible reality. I also realize I have to
start on smaller scale. As a beginning point, I am interested in building a research group for myself and the
doctoral students with whom I work. One reason for this venture is to sustain my own work activities in a
manner that is consistent with the expectations of my institution. Another reason is that I believe this activity
has benefits for doctoral students, particularly in terms of getting involved with research activities and learning
about the expectations associated with these activities (e.g., dealing with comments from reviewers, responding
to editors, etc.). There are many science educators who have successfully established and sustained research
groups. I admire what they have been able to accomplish, especially now that I have a greater appreciation for
the infrastructure needed to support research groups. In my mind, establishing a research group requires a fair
amount of work on the part of the lead researcher, but also involves buy in from faculty and students in the
program. Thus, working on this venture means working along at least two fronts.

As I mentioned earlier, one of the issues associated with having a large doctoral program is that responsibility
for preparing students is distributed across departments and faculty. Given this situation I think the science
education faculty should consider whether or not students should be expected to enroll in core science education
courses, and, if so, what such courses should look like. This is where having a common vision would be helpful. I
would be interested in learning about whether or not other doctoral programs have core science education
courses, as well as how the content of these courses is negotiated among faculty. I would also be interested in
hearing whether or not people believe core courses contribute to the effective preparation of doctoral students. I
would also be interested in hearing about what people think would be important conversations to include in core
courses, as well as what students should be asked to do to demonstrate that they understand the dimensions of
these conversations.

A second point seems to be getting students on board with the purposes and goals of a research program.
Students often enter doctoral programs with ideas about the kinds of research they would like to pursue, and
their ideas may be more or less informed by existing research (which may or may not be a problem). Asking
students to participate in a research program may mean that they are being asked to focus on an area that does
not interest them. However, part of educating doctoral students includes enculturating them into important
conversations in science education. In terms of my role in this venture, I believe there are some steps I can take
within our doctoral program. Obviously, I can find ways to include doctoral students in research activities and
try to support their understandings of the issues and ways to address these issues. Additionally, I can encourage
students to participate in conferences and to begin to build their own networks. There are also steps I can take to
facilitate their network building (e.g., starting a research group with my doctoral students, inviting other
scholars to share their work with us, etc.). The more challenging aspect of this venture seems to be changing the
culture of our science education program, although this aspect is important for making sustainable changes. I do
not yet have answers about how to instigate these kinds of changes.

2-4 October 2008; Alta, UT 49



NURTURING A COMMUNITY OF PRACTICE THROUGH SOCIAL
NETWORKING TOOLS

April Luehmann

University of Rochester

Vexation

I have spent the past six years carefully considering how we, who work in science teacher preparation, can
effectively support secondary science teachers in developing identities as reform-minded science teachers. We
operationalize this identity as understanding, appreciating, being committed to and competent with reform-
minded pedagogy as a means to address issues of equity and social justice. The model I developed and
implemented in increasingly stronger forms each year over the past five (because of lessons learned along the
way) incrementally scaffolds participants in addressing the dilemmas of reform-minded science teaching as
articulated by Windschitl (2002) in his analysis of the challenges facing constructivist teachers. Known as “Get
Real! Science” (GRS) this program was grounded in two design principles:

(a) The need to create safe places and scaffolded ways for beginning science teachers to try on and develop their
identities as reform-minded science teachers, which includes capitalizing on the unique opportunities of
practice teaching in out-of-school contexts; and

(b) The need to offer pre-service science teachers opportunities to be recognized, by self and others, as reform-
minded teachers through ongoing, structured, and supported reflection.

Throughout their engagement in multiple formal and informal experiences, participants concurrently engage in
a number of complementary and unique opportunities to have their participation in reform-based practices
recognized (by self and significant others) including: ongoing blogging, collaborative debriefing after many
teaching experiences, presentations at professional meetings, and the construction of programmatic portfolio
narratives.

We have evidence that the preservice program has been successful in preparing science teachers who are
committed to student-centered science instruction through inquiry (e.g. Tinelli & Luehmann, 2008). The
problem lies in the crossroads for them — specifically, what happens next? The challenge really does lie with
situational recognition of graduated reform-minded science teachers — If we are successfully
preparing reform-minded science teachers for a practice that is not the norm in the schools where they are likely
to be employed, how, in these local school and departmental contexts that are likely to be void of such practices
and priorities, can these science teachers receive ongoing opportunities to be recognized as competent and
effective, reform-minded professionals? How can we construct new supportive contexts for them that are not
constrained geographically or temporally?

We attempted to understand this problem through one avenue this past year that lacks transferability to a larger
scale. We developed the next step of the model for Get Real! Science and delivered it through the structure of a
course. Specifically, we worked with 19 practicing science teachers on the topic of “Implementing Curricular
Reform in Science Education” by giving them the identity-developing (learning) experiences that included
common design and implementation of a reform-based pedagogy, individual or paired action research
developed in small groups, stimulated recall debriefing sessions using video recordings of teaching, and ongoing
blogging throughout the course that served as both a place for participants to wrestle with ongoing dilemmas of
reform-based practice and engage with like-minded social network from whom they received advice,
encouragement, and commiserations (Luehmann & Tinelli, under review).

Though the 19 participants represented approximately 10 different school districts and 15 different schools (i.e.,
vastly different professional contexts), we offered them uncommon situated recognition of reform-based
practice and learning that was not constrained by their school-based professional network through participation
in this course. Within this context, they demonstrated evidence of thoughtful and rigorous participation with
and reflection of reform throughout the varied course experiences including published blog posts and their final
public presentation of their work and findings to their colleagues and administrators. The designed supportive
learning contexts intended to cross local contexts for these participants included engagement in the activities
described above in 1) course meetings on campus (once every other week) and 2) through social networking
through blogging. This model (Model One) seemed to be an effective but unrealistic design beyond this one
iteration due to the uncommon opportunity to offer six graduate credits and instructional resources free of
charge through the grant as a means for participants to justify (for themselves and others) the significant time
commitment and effort required.

Prior to this intensive course, I had remained in contact with Get Real! Science graduates through monthly
“Food for thought” meetings, which, though each meeting had a theme to nurture discussion and resource
sharing, primarily served the purpose of maintaining networked support with like-minded professional peers
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(Model Two). Due to infrequent and inconsistent participant engagement, this model did not appear successful
in giving science teachers consistent or meaningful opportunities for either participation or recognition work
with respect to reform.

Thus, the question I am pondering is, “How can we offer reform-based science teachers ongoing support that is
not constrained temporally or geographically in an ongoing, meaningful and sustainable structure?”

Venture

One perspective that we have been talking about within our GRS research group is a mindset we are referring to
as “in and not of.” In other words, our science teacher graduates will certainly be “in” non- (even anti-) reform
contexts; however, they do not need to consider themselves to be “of” these contexts. The question, thus, is how
do we offer non geographically-defined, ongoing supportive contexts for professionals committed to reform. As
in previous years, this year we intend to offer interested GRS graduates and their colleagues an opportunity for
structured support for ongoing professional learning with respect to reform.

In order to develop a sustainable model for this program, I will consider how to more effectively use social
networking technologies to nurture and sustain a community of practice. Assuming the initial foundation for a
community has been established (through our intensive time together last year conducting action research in
474 as well as the common background with GRS teacher preparation that many of us share) AND will be
nurtured through 4 face-to-face meetings, what participation structures are needed to effectively support one
another in implementing reform through social networking tools such as a blog and/or a ning?

A proposed model - Get Real! Science 2.0: A community of practice

Practicing science teachers (mostly graduates of Get Real! Science preparation program) will meet in person 4
times this academic year, the final time (late March) to share the insights we have gained through systematic
action research of our personal attempts to implement reform in our science classrooms - we will share these
insights with our peers, local colleagues and administrators.

The first meeting (mid-October) will focus on clarifying what we mean by “reform” through a) a common
construction of a reform-based tool that we can all implement in our classroom (such as a very large, interactive,
course map); b) discussion of a reading; and c) co-construction of a subset of reform-based goals. Our second
meeting (early December) will focus on sharing our action research designs — research questions and
investigation protocols — to solicit support and assemble resources. Our third meeting (mid January) will focus
on two things: 1) analysis of initial/pilot data collected and 2) setting up video debriefs sessions for all
participants, each consisting of 3-4 people (including the teacher herself), watching and debriefing video of a
lesson taught that day from the action research project.

I can foresee many challenges and hurdles: Teacher-participants might have a hard time making time to do this
deep thinking work if we don’t meet in person; Teacher-participants might have a hard time making meaningful
or timely progress that will allow them to complete the project by late March; Teacher-participants may not feel
adequately supported with only three meetings before the final presentations; Reading and integrating research
may fall to the back-burner and therefore not be explicitly used to inform teachers’ research; and I, as the
instructor, may feel too stretched, with respect to time, to participate as I feel I need to in order to offer sufficient
support.

With these challenges in mind, how can social networking technologies be effectively employed to complement
and further the work of this community during and between face-to-face meetings? There are multiple
questions you could help me wrestle with: What types of agreed-upon participation structures should we aim to
co-construct (e.g. every one will blog once a week; everyone will read and comments on posts XX times a
month...). How (if at all) should we involve outsiders (such as other professors, mentors, others) to support and
motivate use of the social networking tool? (Who, how, when?) What should my role as instructor/facilitator be
on the blog/ning (Consider two things a) that I am not getting paid and b) that my online presence/opinion may
shut down differing input from others given my position of power as professor). How should the time we have
face-to-face be used to nurture the online participation? In addition to blogging, what other social networking
tools should be integrated and how? For example, a ning would afford the blogs as well as discussion threads.
I'm not sure if they allow “chats.”  Could/should synchronous virtual meetings be an expected part of the
experience?
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BUILDING THE BRIDGE FROM RESEARCH TO PRACTICE

Julie Luft
Arizona State University

Vexation

“Research is Practice” is a vexation that is familiar to all science educators. We contemplate this as individuals
and wonder what it means to link research and practice in our own work. We also contemplate this topic as
communities and want to know how practice can impact research, and how research can impact practice. At
either level, the positions we hold about this important topic are often influenced by our community affiliations.

Within our communities, we have a culture that has norms, values, traditions, relationships, and expectations
that are influenced by our history, location, language, and social class. Within cultures are sub-cultures that
share qualities of the more encompassing culture. The larger science education culture, and the sub-cultures of
teacher educators, teachers, and researchers (for example), hold different positions about how research and
practice are and should be connected to one another. As a science educator, I am interested in the positions that
these different sub-cultures have about research and practice.

The connection of research and practice has been contemplated over the years and has been presented in
different ways. Richardson (1996), for instance, suggested that practical inquiry (research by teachers) and
formal research (studies by researchers) do have a distinction. She suggested that practical research strives to
explore classroom practice as it is occurring and helps a teacher build her knowledge. Formal research tends to
be conducted to contribute to more theoretically based notions and is for communication within a specific
group. Kelly and Lesh (2000) reinforced the importance of the research conducted by teachers when they
included a chapter on action research in their handbook on research. More recently, Labree (2003)
contemplated the difficulties of turning educational practitioners into educational researchers. The views that
have been presented by these and other scholars describe for example; different ways that knowledge is
constructed, various assumptions about the importance of certain forms of knowledge, theories or events that
drive the resulting forms of knowledge creation, or barriers to crossing cultural borders.

The different views of scholars that contemplate the research and practice gap seem to stem from the different
cultural positions. In the examples above, the culture that proposed and contemplated the issue of research and
practice was comprised of academic scholars. Essentially, these are people who are rewarded to contemplate
such issues and to share them publically with their peers. I would also like to take a similar cultural position as
these academics, but I would like reach directly to the practitioner. Specifically, I want to know if the points
presented by academics can really help bridge the gap of research and practice.

I realize that my position creates different perspectives that may be viewed as “us” and “them.” My ultimate goal
is to reach beyond us and them and see if I can understand the enterprise of knowledge creation within culture.
By starting with myself and teachers, I am hoping to create a basic understanding of my own knowledge and
perceptions in this area. This will help me move towards understanding other positions (even beyond teachers),
and then perhaps identify cross-cutting notions that surround research and practice as it relates to student
learning (the goal for those in education). It may be in this journey I have to visit the idea of cultural knowledge
(see Neito), cultural border crossings (Aikenhead), or other positions. In the end, my understanding or
conclusion should help me come to some understanding of how I can best bridge the research and practice gap
as the Research Director for the National Science Teachers Association (NSTA).

In my quest for areas to contemplate, these are some of the topics I am considering:

e Value — Is there a value on certain types of research in the different communities? What makes research
valuable? Should there be a different value?

¢ Worldviews — Are there conflicting world views that are really insurmountable?

* Translation — Is it how the research is presented that makes is important to consider? Is it an access issue
for teachers? Is it how teachers present their research to researchers that keeps researchers from drawing on
their work?

* Responsibility — Are we (researchers and teachers) being responsible for our profession by not attending to
the research of teachers, or the research of researchers?

e Participants in this discussion — Who should participate in the research to practice discussion in education?

Are these appropriate questions to begin this discussion with? If not, what should I start with or include in my
list?
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Venture

I feel that there is a need to connect research to practice. In support of my interest, I recently had the chance to
listen to a discussion by national leaders at the Congress of the NSTA. During their discussion about research
and practice it was striking to hear practicing teachers ask for “research-based approaches to improve student
learning.” They clearly valued educational research (most at least), but just wanted the bullet points or the
conclusions so that they would know what to change in their instruction. They acknowledged that they were busy
and didn’t have the time to sift through research journals to advance their knowledge. As they brought this point
forward, I was surprised that they didn’t recognize their own practical research as valuable in the learning of
their students. The researchers in the crowd offered a different position that involved research on student
learning, theoretical grounding, and robust methods of data collection. They then sought to inform teachers
about new forms of research that would be valuable to the teachers. By the end of this conversation, I felt the
teachers really didn’t have a voice and that the researchers weren’t hearing the teachers.

As an active member in the Association of Science Teacher Educators (ASTE), the National Association for
Research in Science Teaching (NARST), and NSTA, I am determined to think about how to connect research and
practice.

In doing this, my first thoughts are very practical and emerge from my cultural position. As I study and
contemplate this issue, I hope to revise my preliminary model to be more practically situated and cognizant of
the different communities. It is difficult to say what the ultimate product with be, but my starting point is with
teachers and researchers and can be expanded to different perspectives and communities.

At this point, I have a several ideas to bridge the research to practice gap. Space restrictions allow that I can only
submit a few here and these are:

¢ What Research Says — One-page summaries written by educators who are familiar with research and
who work with teachers. These have the goal of summarizing research for teachers, so that it can be used
in the classroom. These will be developed with the assistance of ASTE, NARST, and NSTA members and
published in NSTA journals and placed on web-sites.

e Teacher as Researcher day — NSTA conferences have a Teacher as Researcher day and it is one of the
most popular events for teachers. Researchers need to be present at the NSTA sessions, and ASTE and
NARST should host a Teacher as Researcher day. Teachers, of course, would attend ASTE and NARST
for free.

e Sharing of teacher friendly material at conferences — NARST members handed out research materials at
the last NSTA conference, and teachers valued these materials. This needs to be instituted at NSTA
conferences.

¢ Research placed in NSTA journals — Researchers have a responsibility to share their work in journals as
it relates to teachers. Encouraging researchers to do this will be a problem.

¢ NSTA presence at ASTE and NARST — Why is NSTA not at ASTE and NARST conferences? This would
allow these communities to see the work of NSTA and understand how they could participate in this
community.

* Teacher forums at NARST/ASTE — Panels of teachers to talk about the research they would like to read,
research that has been valuable to them, and their own practical inquiries.

* Reduced journal rate for full-time teachers — The Journal of Research in Science Teaching and the
Journal of Science Teacher Education should be offered to teachers at a reduced rate, or in combination
with their NSTA membership.

As I continue to think of these solutions, I would like to situate them within my vexation, consider a framework
their organization, and identify other ideas. Perhaps this is a matrix that could be constructed, which has a
horizontal axis that moves from individuals to communities, and a vertical axis that consists of passive to active
participation. Within the matrix, examples can be placed.

Relation to Situated Recognition

I think this problem is important to all science educators. When I think about my position on this problem - I
lean towards the research side. However, I am very cognizant of the teacher’s perspective and often depend upon
the ideas of teachers as I look at my data and pose questions to study. Could I do more? Should I do more? Can I
work between the different groups involved in this problem? I am certainly at the Crossroads of this problem as
a professor, a member of NSTA, and as a science educator in ASTE and NARST.
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Kathy Manning
Shaker Heights Ohio City Schools

Vexation

Please excuse the allusions to the Zen lesson that urges us to leap and the net will appear. But recently
I have felt only the air underneath me. A few weeks ago, I accepted a position as a middle school art
teacher. This would not be surprising if you had met me 30 years ago when I had changed my
undergraduate major (again). It would also not be surprising if we have chatted over my concern for
my fellow science teachers in the past few years. The “rookie” teachers always had two bubbles above
their heads: the bubble to the right had images of you, their “fairy-god” professors encouraging and
reminding them that there’s no place like inquiry. Unfortunately above their left shoulders appeared
administrators and BOE members repeating the mantra “pass or practice saying unemployment five
times fast.” Our veteran teachers, experienced in the cyclical ebb and flow of educational reform
pressures, were now being carried out on stretchers (3 last year) and taking time off to “rest” (only 4
times last year!) from the pressures of teaching in our current classrooms.

At the start of each of the last twenty-five school years you would find me in a middle school science
lab. On weekends and summer time, you would find me working with teachers throughout Northeast
Ohio engaged with various curriculum consortiums, professional educational associations, or teaching
courses at local universities. Instead of pulling me in opposite directions, my summer activities
enhanced my efforts during the school year. I loved being able to take from the research community at
the universities and sharing with the worker bees back in our schools. Alas, my enthusiasm began to
hit a few speed bumps. The first bump took the form of state mandated testing. Please understand that
I appreciate the benefits of having a common curriculum. I also like having a way of measuring
student progress. But I am curious about students’ enthusiasm for learning science after the annual
testing is over. I have not seen research about attitudes but I suspect there is something like a “post
test-taking traumatic syndrome.” From a science teacher perspective, it has been horrifying to see all
the excitement for learning being extracted from the students.

The second speed bump is poverty. My middle school is considered an inner-ring suburb to the city of
Cleveland. Last year, 33% of my students transferred from the Cleveland School District, and tend to
be the poorest of the poor. Chronic poverty and the effects of lead poisoning are at the root of so many
academic and behavioral problems. Mental health needs of these students are overwhelming our staff.
More tragically, the economic situation has lead to a reduction in the number of psychologists and
social workers. But I continued to operate with the belief that it was my responsibility to help all my
students learn science. I accepted them as who they were and did all that I could to move us forward.
However, it did not feel as if I was making any progress. Each school year, I would receive a new
group. It felt like my reward for investing so much of myself in the most challenging of the students
our school serves was that the administration would send even more my direction. I tried to deflect
feelings of despair but gradually the realities began sinking in. I realized that a change was needed.

I began what I now call my 30-day retreat. It started as a New Year’s “Restitution:” instead of
resolving to do a better job of taking better care of myself (that typically lasted 2.3 hours), I chose to
make restitution with myself. Restitution is defined as an act of restoring something. I needed to
restore my faith in my ability to teach, to know the child that I have been presented to learn with, but
to do it in a way that still honors my love of the subject science. I recalled previous Crossroads where I
heard participants sharing their “change in the cosmos” stories. After re-reading a few of their
ventures (and realizing that I could then blame John and Adam if this decision didn’t work out) I
discerned a few nuggets of wisdom. Each week for four weeks I met with trusted friends and advisors.
These were carefully selected for their ability to be honest with me about my questions, creative
enough to think outside the box, yet realistic enough to help me solve these challenges while still
maintaining an income that would allow my daughter and I to still eat. The process provided me the
following insight: First, I love teaching students at the middle school level; I'm not ready to quit
teaching. Second, I want to continue to teach science in some capacity, but not in the same way I've
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being doing it. Three, I still enjoy working with the other amazing science teachers who have become
part of my network. I wrote it all out, and then I leapt. I applied for a position in the art department.
After much grief from my Board of Education and Superintendant, I was given the job. I hope and
believe that this change will allow my to reconnect with the joy of teaching. I also have a desire to
invent ways for infusing science into the art curriculum. I am in the same school working with the
same populations. And yet I am optimistic because I have smoothed over the testing speed bump.
That might be enough to re-invigorate me toward my career and calling.

I'm going to teach art for the 2008-09 school year. I am so excited that most nights find me sleeping
only 3-4 hours. I feel like a kid in the candy store and there’s an unlimited budget. Of course, then I
wake up.

Venture

My vexation contains two “big ideas.” The first begins with an old favorite: nature of science. How
does this compare to art? One of my primary goals is to help kids reclaim their ability to ask great
questions, especially philosophical ones. As a science teacher I tried to emphasize problem solving and
conceptual understanding. How might that translate to art? Many of our greatest scientists were (&
are) artists in their own right. I also would spend a considerable amount of time helping my science
students to determine what kind of a learner they were, and then use that insight to help them study
and learn more efficiently and for a lifetime. Again, how will that translate into art?

The second vexation would require your input about the suitability of my art curriculum ideas for this
age group. Trying to encourage my students to combine their real life experience into the art that they
will be creating will take some creative coaching.

Over the years, through trial and error along with extensive study, I have developed a certain amount
of cultural competence. I have come to recognize the need to set aside my own background in order to
more effectively serve my students. But along the way, my filter about what I'm willing to try has
always been about science. So I'm puzzling about ways to bring culturally responsive teaching from
the realm of my old subject area and use that to my advantage and my students’ benefit within the
context of teaching and learning art. Some of my ideas include matching my curriculum with our
History Course of Study. The primary focus this year includes world cultures. So far, I've included the
making of Chinese kites, while attaching a disposable camera to them so that we can take a few aerial
shots. We may study international alphabets and systems of communicating like Chinese pin-yin and
calligraphy. I've asked our English department and foreign language department to submit some
famous/favorite quotes from literature etc. for us to work with. Masks will be another project. We’ll
begin with their own face relief, and then they may choose a style of mask from another world culture.
My list of ideas seems to grow daily, but I would cherish your thoughts and ideas. After all, you are a
part of “my net.”

2-4 October 2008; Alta, UT %5



USING A STEM WORKFORCE DEVELOPMENT PROJECT FOR
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Vexation

I became involved with a project funded by the Department of Defense almost immediately following my move
to my current institution. The project was initiated very quickly, and rapid performance was expected. There was
no time for setting up a research study, nor was there a lot of guidance and support for research. There was an
explicit long-term goal of recruiting students for the Armed Forces research initiatives that seemed so critical to
national security, and the short-term goals were undefined (!!). It became clear that the branch of the Armed
Forces that we were working with — the Navy-- functioned from an approach similar to the King of Siam (so it is
written, so it shall be done) or possibly the Field of Dreams (if we say it, they will do it). The alpha males in the
group were convinced that all that was needed to convince students to go into STEM careers (and into the “Naval
research enterprise”) was to take the students to a base and shoot off the big guns. (Boom! Boom! “That would
do it!”). The start-up was bumpy. Who would be the target group of K-12 students? What would be done with the
target group? Start-up was complicated by the push from the Navy to get in the schools and do something
practically immediately. The project would be implemented that spring.

The really amazing thing was that it worked. We put together a project for middle school teachers and kids that
used Lego robots and problem based learning in science, mathematics, social studies, and language arts.
Scientists, engineers, and mathematicians (S&Es) from a nearby Navy lab co-taught and served as mentors.
After four years, our records show that over 3000 middle school students, 80 teachers, and nearly 50 S&Es have
participated in program activities, both in regular classes during the academic year and in summer camps. To
the present day, despite the exigencies of federal funding — monies were “pulled” in total in the third year of the
project, monies returned in the fourth year — the schools, teachers, and administrators continue to implement
the project, and more school systems are coming on board. The data collected included_survey data from
teachers and engineers, asking for judgments about effectiveness, and also focus group interviews with students,
teachers, engineers, and administrators. Trained observers used a classroom observation rubric to show
implementation fidelity. We designed our own instruments to determine content knowledge gain, and used a
variation of the STEBI-B for teacher efficacy. We get feedback that is almost uniformly positive.

There is something very good about this project. From my perspective in the K-12 classroom (18 years) and in
the university setting (16 years), this is one of the best projects I've been involved with. Nonetheless, the research
community needs information that is focused and tied to a research base that is recognized in the community.
That’s how we decide whether and how much to pay attention to something. I believe this project has some
important messages to tell, messages that can support similar projects in other settings. I need help in figuring
out how to glean those messages from the mass of information I have. My vexation is distilling what I know
about this project into information that the research community will hear and benefit from. How might I obtain
data from the project or how might I turn the data from this project into such information?

Here’s some information that might help. An area that yielded undeniably positive results from students,
teachers, and administrators was the use of cooperative learning groups. In focus groups, students offered
comments such as: “I learned to cooperate with people who are different.” And “The point is to get everyone to
work together on it. By the end of the 2 weeks, you could adapt and work with other groups of people or people
that you do not really know.” Teachers defined the success of the project by the ability of students to work
together, “When the greater majority of students learned to cooperate with people they dont know or
normally get along with”, and by their own ability to use cooperative groups, “I learned to trust the students to
find the information on their own. It was scary not to answer, for me and the kids! I'm a better teacher as far
as using cooperative groups more often.” Structured observations of classes during the implementation of
project activities showed “A remarkable number of students on task.” There were indications that issues of
gender bias and isolation of students with special needs and of students whose primary language was not
English were successfully dealt with in the context of working through the group tasks. There were also
indications that students who were habitually truant attended class regularly during project activities; and
students who were behavior problems purposefully stayed out of trouble so they wouldn’t miss the activities. It’s
unclear whether it was the group work or other aspects of the project (or a combination) that yielded these
results.

The topic of the use and impact of cooperative learning groups is one line of inquiry I could pursue, from
student, teacher, administrator and other perspectives. I could ask about the impact of the use of cooperative
learning groups on socialization of students, on attendance, or on achievement. I could ask about the impact on
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RESEARCH THAT THE SCIENCE EDUCATION COMMUNITY CAN HEAR

Juanita Jo Matkins
College of William and Mary

teachers. How do teachers use what they’ve learned and applied in this project to classes that are not part of this
project?

We had an interesting outcome in a small subset in student achievement in the context of this project. Pre- and
post-test results for content knowledge for one class of seventh graders (23 students) in Portsmouth, a high-
needs, high minority urban school system, yielded statistically significant gains at the .001 level in science,
mathematics, and robotics. These results were further analyzed for a breakdown by minority or majority and
revealed that both minority and majority groups had significant gains on all three tests. On two of the tests,
mathematics and science, minority students showed greater gains than majority students, indicating the
activities helped to narrow the achievement gap.

A content-based assessment instrument set similar to the one used in Portsmouth was also administered to a
larger group of King George students. King George is a small rural school system. Again, extremely statistically
significant gains were achieved. The content results from these two settings indicated that students are learning
science (and mathematics and robotics) as a result of project activities. The science test for both groups was on
coral reefs, and was a 10-item fill in the blank test with a word bank provided. I'd like to know what other probes
and measures could be used to complement this, to get at the question of what students are learning and what
aspects of their experiences supported their learning. Of course, an intriguing question embodied in Table 1
above is why there was greater gain for minorities, i.e. what aspects of the project (or other contextual factors)
supported the differential and encouraging gains in the this group?

Another aspect of the project is the embedding of a problem-based learning scenario into the curriculum. Some
teachers are saying they can never go back to teaching the way they used to teach, and they’re going to use the
problem-based approach in all their classes. The research on cooperative learning that was summarized in the
newest Handbook on Science Education Research (Treagust, 2007, pp. 383-384) focuses on “how” cooperative
learning is used, and emphasizes that these group strategies require rich curricula if they are to encourage
cognitive, social, and affective development of students. The problem-based learning scenarios we developed
provided a rich context for the activities, and may explain in part why the results seem so positive. I could focus
on change in teacher practice, and might operationalize teacher practice by their use of cooperative learning
groups and problem-based learning, recognizing full well that “cooperative learning groups” and “problem-
based learning” will likewise need to be thoroughly described.

Forming the heart of the in-class component of the project were robotic challenges that required the solution of
programming and building problems using LEGO MINDSTORMS™ equipment. We know that the use of the
robots contributed much to the level of student and teacher engagement in the project lessons. It provided a
context for authentic group division of labor and for involving the S&E’s in a meaningful way in the classroom,
since the S&E mentors were extra adults available to help and advise student groups during the programming
and building. We also saw in our classroom observations and heard in focus group interviews with teachers and
students that the presence and participation of S&E mentors enabled all the teachers to challenge the student
groups to a higher level of accomplishment and satisfaction. Thus, there’s the aspect of the use of robots and the
additional aspect of the involvement of the S&E’s in the classroom. How did the use/manipulation of robots and
the presence of STEM professionals influence students’ perception of science? (The Navy would like to know
how much the S&E’s really contributed to the outcomes, particularly because these professionals are a pricey
commodity in the grant’s budget.)

For the short term, I see that it will be important for me to narrow the focus and start with an aspect of the
project that I can describe. It’s also important to me to work with aspects of the project that I find interesting.
I'm not particularly interested in how many students become scientists, engineers, or mathematicians, but I am
interested in changes in students’ knowledge, skills, and attitudes in the context of these experiences. I'm also
interested in change in teachers’ practice.

I've already begun to narrow things down, and have proposed a poster presentation at NARST on cooperative
learning in the context of this project. This project is on-going and my involvement continues, making it very
feasible that more data could be collected in any aspect of the project that shows promise. I'm looking forward to
the next steps.
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WHERE’S THE LOVE IN TEACHING AND LEARNING?
Maria S. Rivera Maulucci
Barnard College

Vexation: Where is the love in teaching and learning?

I miss teaching middle school. As a middle school teacher, I knew just how to love my students. The right
combination of humor, fun, hugs, safety, and deep engagement in learning seemed to come intuitively. While I
made mistakes, my students were forgiving of me, and I was forgiving of them. As a Latina, Biology major, and
successful college graduate, teaching Black and Latino/a children, I felt comfortable in my skin, confident in my
knowledge of science, and hopeful with respect to student learning. Since entering the university classroom as a
teacher educator, I have been grappling with the question, “Where is the love?” How can I prepare prospective
teachers to attend to what I believe is a fundamental component of social justice teaching and learning when
many of the structures that shape college classrooms interfere with establishing loving relationships? Although I
inevitably fall in love with each of my students, (and for me, it is the moment when I become cognizant of their
hopes and dreams and begin to direct my activity to further their dreams), I find myself trying to hide how much
I care.

I teach at a college that expects excellence in teaching, and as a teacher educator, I set the bar much higher,
because I must model for my students the types of pedagogy that they should engage in. Yet, traditional
structures, such as seminars that meet for only two hours a week over fourteen weeks, student competitiveness,
my role as evaluator, the sheer amount of material I feel we need to cover, all mitigate against establishing
collaborative, fun, and loving learning environments. There is also a culture that worries about “grade inflation”
and accepts that some students should receive C’s, D’s and F’s, a culture at odds with my sense that failing
grades indicate I am not doing my best as a teacher. While I am convinced that a more engaged pedagogy will
narrow achievement gaps and transform the very nature of teaching and learning, I am also beset by fears. Most
of my students are comfortable with traditional student-professor relationships, what if I make them feel
uncomfortable? How might close relationships interfere with holding students accountable for their
professionalism and scholarship? What role might my ethnicity and gender play in how students respect and
respond to my philosophy of teaching? How will students perceive their intellectual and emotional engagement
in a class that privileges emotions, not just ideas? How do I even have time to develop and sustain such
relationships if I hope to get tenure?

Venture: How might love transform my college pedagogy?

I believe a teacher who places love at the center of pedagogy attends to at least four elements: identity, self-
efficacy, motivation, and classroom tone. I will elaborate on each element drawing on the case of a middle school
student, Ruth, who participated in an afterschool science program and use her case to pose questions for my
teacher education pedagogy.

I define identity as a personal process of individuation—one’s self-image, self-esteem, and self-memory system—
and a social process of taking on roles or membership in groups. Both processes are mediated by the social
context, which specifies the rules for behavior, tasks, and resources that are available to enact our identities. In
the classroom, identity is both who we are and who we are becoming. Costa (1995) developed a series of
categories including potential scientists, other smart kids, I don’t know kids, outsiders, and inside outsiders.
Importantly, she stressed the ways potential scientists, students for whom the world of family and friends was
consistent with the world of science, would have smooth transitions into science, while students who were
outsiders would not. As a sixth-grade student in a bilingual class, Ruth did not see herself as a scientist, she
claimed she did not “really like observing things, and asking things, and making hypotheses.” She also said she
would not want to become a scientist. Her goal was to become a lawyer, like her aunt. According to Costa, Ruth
might fall into the category of “other smart kids,” because the world of family and friends was consistent with
doing well in school, but not with science. For Ruth to achieve in science, I needed to get to know Ruth and her
positionality with respect to science and ease Ruth’s transitions into the world of science. In the afterschool
program, students posed questions and designed experiments to answer those questions. In reflecting on the
program Ruth said, “Probably we were acting like scientists at that time.” How can I attend to my current
students’ identities, as they are becoming teachers? For some of my students, the worlds of family and friends
might be very consistent with the world of social justice teaching developed in our program, but for others it is
more of a struggle. How might my students be able to look back and say, “Probably we were acting like social
justice teachers at that time.”
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How can I help ease my students’ transitions into social justice teaching in ways that are respectful of, and
responsive to, their identities?

Self-efficacy refers to one’s perceived capabilities for learning or performing specific activities at designated
levels and is also related to the outcome expectancy of completing a task, or the beliefs about consequences or
rewards of action. While students with high self-efficacy tend to demonstrate confident, appropriate action and
high cognitive engagement, students with low self-efficacy may exhibit resignation, apathy, withdrawal, self-
blame, or depression. When I asked Ruth about the level of support she received during the program, and
whether it was adequate, she said, “When you came, you told us what we needed help in, and the rest we could
do by ourselves.”

How can I attend to my current students’ sense of efficacy and build their appreciation for what they can do by
themselves and where they might need help? How can I foster the idea that teaching competence or ability is a
changeable, controllable aspect of their development as social justice teachers?

Motivation refers to the process whereby goal-directed activity is instigated and sustained. Ruth and the other
members of her group wanted to know what happens when yeast and pond water are mixed. Ruth recognized
that in her regular science class, she would not have been able to answer this question because they focused on
more general ideas, not details. She also said, “I liked observing the things and seeing how they moved, and
seeing things I've never thought of looking at before.” Her question instigated her interest and the newness of
her observations sustained her interest, even through the difficulties of drawing what she saw.

How can I attend to my current students’ motivation to learn about social justice teaching? How can I foster
opportunities for their questions to drive their inquiry into teaching and learning?

Classroom tone is a dynamic variable that may range from positive feelings of enjoyment, hope, curiosity,
satisfaction, pride, empathy, and love to negative feelings of boredom, anxiety, hopelessness, apathy, anger,
shame, jealousy, and hate. A positive classroom tone tends to support deeper engagement, more elaborate
processing strategies, generative and creative thinking, increased intrinsic motivation, mutual focus, and
solidarity. On the other hand, a negative tone increases cognitive load, and individuals are less willing to make
mistakes, and show decreased intrinsic motivation and mutual focus. Ruth described how one of her teachers
created a negative classroom tone, saying, “She was always focusing on instead of the good things you do, the
bad things you do. And instead of focusing on the excellent work that you do she just like came out with the
negative things.”

How can I build a collaborative community of reflective teachers who respond to the challenges of teaching in
urban schools with creative and generative thinking, mutual focus, and solidarity?

I do not want to make it seem like all love is lost in my classroom. I have slowly but surely been making strides to
align how I teach with my philosophy of teaching and how I hope my students will teach. However, this has been
a subversive project, mostly hidden, and gradually revealed, so that they get it by the fourteenth week. At the
beginning of the semester, students write a teaching autobiography. This assignment helps me get to know my
students and begin to understand what motivates them to teach. Rubrics, detailed assignment descriptions,
classroom practice, and opportunities to submit drafts help students develop a clear sense of what my
expectations are and what they have to do be successful. I also work to establish a learning community, where
small group structures foster friendships and collaboration, position students as teachers and learners, and
allow me to engage in frequent dialogues with students. Finally, across the semester I draw on stories from my
teaching experience, including triumphs and failures to help students see the ways teaching is an
individual/collective journey embedded in the constraints and possibilities of the teaching context. These are
some of the ways I attend to issues of identity, motivation, self-efficacy, and classroom tone. Yet, I have now set
a new goal for myself. I want to begin on day one with the premise that love is the heart of teaching and learning.
So I am filled with many questions and seek to share strategies and discuss the pros and cons of gradual versus
radical love in teaching and learning for social justice. In doing so, I draw on the wisdom of bell hooks (1994, p.
21), who wrote, “Engaged pedagogy does not seek simply to empower students. Any classroom that employs a
holistic model of learning will also be a place where teachers grow, and are empowered by the process. That
empowerment cannot happen if we refuse to be vulnerable while encouraging students to take risks.”
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Scott McDonald
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Vexation

The specific context of my vexation begins with my career as a Physics teacher in high school. During my teacher
preparation program, I spent an intensive year studying science teaching and living it in a classroom. I had read
about inquiry in the National Science Education Standards and the AAAS Benchmarks. These were ambitious
ideals with some inspiring examples of how these ideals played out in classrooms. What was missing was a set of
realistic principles that could make my teaching more like the ideal. Suggestions from the Standards, such as
“learner formulates explanations from evidence”, were not enough to tell me how to enact inquiry in my
classroom. The idealized examples were too far from my experience with teaching science to help me move in
the direction of inquiry. I needed guidance about how to enact inquiry science pedagogy in my classroom that
took into account both educational theory and authentic practice.

To seek guidance, I left the classroom to pursue a degree in science education to immerse myself in the research.
I hoped to use any understanding I gleaned to help shepherd other teachers along in understanding this elusive
form of teaching. I joined a team of educational researchers engaged in systemic reform of middle school science
in a large urban district. It seemed the perfect context to articulate the middle ground between theory and
practice in the rough and tumble of real classrooms.

The general approach of my team (one common to reform efforts) was to develop curricula, in collaboration with
teachers, which served as the primary vehicle for reform. My role within the group was to provide professional
development for teacher participants to support their enactment of the curricula to the highest possible fidelity
within their local constraints. During this time I came to three significant realizations: (1) curricular
interventions, even with the support of professional development, did not significantly change practice; (2)
teachers could not enact inquiry curricula, regardless of their design, without a more abstract set of principles to
guide them; and (3) current theoretical descriptions of inquiry (including standards) were not adequate to
provide this guidance. I had found the schism between theory and practice present even in a context of a
resource intensive attempt to eliminate it.

I believe the reason for this persistent gap between the ideals of the standards and enactment in the classroom
lies in the act of teaching itself and how it is theorized. The standards focus almost exclusively on the students
and the activities they engage with in an inquiry classroom. Particular examples of practice lack any framework
of principles that made it clear what made the lesson inquiry. There needs to be middle ground theoretically, a
meso-level of theory useful to both researchers and teachers. This meso-level theory needs to provide principles
for differentiating inquiry and non-inquiry teaching. My vexation turned toward the question of what this
guide/framework/theory would look like for classroom inquiry science teaching.

Kerr (1980) suggested the field of teacher education needed a theory of teaching in order to advance. She
specifically differentiated this theory of teaching from theories of phenomena. She suggested a theory of
teaching should be a theory of practice — essentially an operational (quality) definition of the practice of
teaching. This description of a theory of teaching seemed to suggest an answer to my vexation. However, in the
thirty years since Kerr’s suggestion a great deal of attention has been given to learners and learning, including
teachers as learners. A great deal of energy (and funding) has been put toward the development of innovative
curricula to influence classroom science pedagogy. A great deal of the research in science education has focused
on cognitive factors (e.g., knowledge and beliefs) of students and teachers that impact learning. There has been
a focus on theorizing learning (a theory of phenomenon) and not theorizing teaching. This focus has left science
educators, and in particular science teachers, with implications from learning theory, but no well developed
theory of classroom inquiry science teaching grounded in authentic practice. My final vexation, that remains for
me in spite of years of working and thinking about it, is that I understand and can articulate very little about
what differentiates classroom inquiry science teaching from teaching that is not.
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In response to my vexation my on-going venture has been working toward contributing to Kerr’s vision of a
theory of teaching, which for me must be grounded in authentic practice. I am attempting, with a group of
colleagues, to analyze examples of classroom inquiry science teaching in hopes of creating a functional set of
descriptive principles. The work has been iterative — going from data to theory and back again — in an attempt
to develop something both theoretical and practical.

The process began in the fall of 2005 when a group of practicing teachers agreed to be part of a study group
focused on inquiry science teaching. I was lucky to get a group of exceptional classroom teachers who also took
educational research seriously. I explained I was interested in understanding classroom inquiry science
teaching and articulating that understanding in a way that was useful to teachers and researchers. Initially, we
engaged in discussions and readings in an attempt to clarify a definition of inquiry, which is not clear from the
science education literature (Abd-El-Khalick, 2004). We also felt the need to work from concrete examples, so
each member brought in video of a lesson they felt represented inquiry science teaching. We began to analyze
these lessons in an effort to capture elements of inquiry, pieces of the elusive definition we could see evidence of
in the samples of practice.

As analysis continued it became clear we needed larger grain-sizes of practice to identify some of the elements
we were interested in, and thus we began to analyze sets of multiple lessons. Over the summer of 2005 initial
elements of inquiry began to emerge (McDonald, Criswell & Dreon, 2007). Also around this same time there
was an opportunity to add prospective teachers to our group. The student teachers were placed with members of
the group and also participated in the analysis of practice examples. The novice teachers provided both
interesting insight as well as significant challenges. They forced us to be much clearer, cleaner and more specific
about the framework we were describing.

For the past two years the group has analyzed classroom practice with the specific eye toward deep research-
based understanding that naturally translates into guidance for real classroom practice. What we have found is
that we have some ideas, but we remain vexed. What does a theoretical description of practice (i.e., abstracted
from specific examples) look like that can guide prospective and practicing teachers when they attempt to enact
inquiry science? How do we know classroom inquiry science teaching when we see it? When we agree we see it,
what is it about the teaching we see that makes it inquiry? These questions play out in the context of the
individual classrooms of the members of our research group as they struggle to enact classroom inquiry science
pedagogy. Specifically this vexation plays out for me whenever I teach a science lesson and then try and
articulate to someone else (my preservice teachers for example) to what degree my lesson constitutes an example
of inquiry. Justice Potter Stewart famously said of pornography: "I shall not today attempt further to define the
kinds of material I understand to be embraced within that shorthand description; and perhaps I could never
succeed in intelligibly doing so. But I know it when I see it.” I don’t believe our field can afford to take this view
of classroom inquiry science teaching. My venture is to define inquiry in a way that others can know it when I see
it.

Questions for the incubator forum:

»= Can you imagine principles of inquiry teaching that are more specific than standards, but less specific than
concrete examples of practice? If so, what would they look like?

= Both practitioners and researchers use “inquiry” to stand for “the best possible type of science teaching”, but
to what degree does “inquiry” overlap with “excellence” in science teaching? By extension then, should a
theory of teaching be concerned with excellence, inquiry or both?
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URBAN SCHOOL REFORM RECONFIGURED:
RESEARCH AND MEANINGFUL ACTION

Jacqueline T. McDonnough
Virginia Commonwealth University

Vexation

The goal of my current research is to collaborate with secondary science teachers to create inquiry-
based, culturally relevant science instructional strategies, design effective classroom management
strategies, and assist teachers in building caring relationships with students in an effort to produce
learner-centered classrooms which will alternately result in higher teacher self-efficacy. I have spent
the past seven months planning and implementing this study. To date I have solicited the teachers to
be involved with the study, interviewed the one volunteer, surveyed all the teachers about their science
professional development needs, and planned and conducted one professional development
experience. On the day I conducted the professional development workshop while I walked along the
hall I was assaulted by grimy walls, unkempt floors and the sounds of foul mouthed children. Teachers
smiled and nodded but most of the students avoided my eyes. I asked myself, “Are these the children I
see on the block?”, “Do their parents know they speak like this in the presence of adults?” Here I am a
community resident, a parent and a university researcher, conducting my study with science teachers
and I am totally overwhelmed by the environment. What am I trying to do here? Are my efforts with
the teachers going to have any impact on most of these students? How can I, in good conscience, not
try to do something about what I'm seeing here? What does any of this have to do with science
education research? Thus my vexation stemmed from the sense of disconnect I saw between my
research and the situation “on the ground” in that school community.

My journey with this vexation began two years ago as I was struggling to formulate a research study
that would answer my question of how to increase the science achievement of students in urban
schools. As I began to carry out my research study I started questioning the initial questions that led
me to conduct the study. Should my questions narrowly focus on inquiry-based, culturally relevant
science instructional strategies and classroom management strategies when the root of the student’s
dismal performance in science has little to do with effective science education and much more to do
with global economics, racial relations, and historical power politics? What I was witnessing at this
school (in terms of physical plant, science curriculum and student and teacher actions) was the end
result of decades of policies that has continually subjected residents, usually of color, in urban
communities to inferior schools and seem to exactly reflect the words of Norm Fruchter (2007) “As a
nation we have always failed to effectively educate poor students of color.” The conditions I witnessed
in that secondary school are by no means unique and have been documented nationwide (Ruby,
2006). So how does one address this issue in the context of educational research within the sphere of
science education? Or maybe the question should be, should one address this issue in the context of
science education research?

These are the times that I remember how frustrated I felt as a teenager in New York City with an
awaking interest in grassroots organizing. There I was a sixteen-year old with a desire to get the folks
organized so we could get our block cleaned up and demand better services from the municipal
authorities. Neither I nor the few adults who were interested had any idea how to do that. Yes, we
were able to do the block clean-ups and secure a few summer jobs for youth but we never really
accomplished much because we really didn’t know how to effectively organize for concrete outcomes.
Is that the answer for urban schools? Do parents and interested others need to organize to fight for
quality education? Richard Riley, former U.S. Secretary of Education (2004) states “strong,
sustainable education improvement requires the engagement and mobilization of parents, business
people and the public at large ... they must demand, own and protect reform (p x).” I am willing to go a
step further by adding education researchers to that list. Who better to work with parents and other
stakeholders than the academic community that have been immersed in education reform for the past
20 years? This is our opportunity to combine what we have learned about how people learn,
conditions that have hindered learning, and reasons for the achievement gap, with the reality of the
dismal state of education for high poverty urban students to help bring about real change.
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Venture

After an initial review of the literature (Mediratta, Shah & McAlister, 2008; Fruchter, 2007; Sexton,
2004, Mediratta & Karp, 2003) I have come to the conclusion that by building capacity of parents and
other stakeholders in my local community through community organizing for school reform I can have
a far greater impact on science achievement than any professional development I can personally
deliver. The impact of community organizing for school reform in historically underserved urban
areas has had notable effects at the community, school, and district levels. The Annenberg Institute
for School Reform document “Organized Communities, Stronger School” (Mediratta, et al, 2008)
reported that this type of organizing produced significant impacts on schools and student educational
outcomes, and levels of parental involvement, civic engagement, and educational aspirations.

Given these far reaching impacts it makes imminent sense for my energies to be directed towards
investigating models for a community-based entity focused on school reform. So here some are
questions I will need answers to: 1) what entities have made commitments to school reform using a
holistic approach? 2) are there published studies documenting their successes? I can then compile my
findings into a literature review. Concurrently I would secure a commitment from my dean that the
School of Education would support this effort. The major task at the university is pulling together like
others who would be part of the venture. What suggestions might you offer to accomplish this? This
would allow me to organize a team in my university unit that would consist of members from
Educational Leadership, Teaching and Learning, Center for School Improvement, and Educational
Assessment who have an interest in urban education/social justice. What lines of research can we
generate from these alliances? I envision a team of community members and university faculty united
to work towards school reform while each has its needs fulfilled. Community members including
parents, students, and other stakeholders will get the effective schools they desire. University faculty
would have an opportunity to engage in community-based research in action and use the knowledge
we have amassed about effective learning, teaching and school administration in the last 40 years.

I think this is the true purpose of what I should be doing as a researcher. In preparing for my initial
pilot study I had to explore issues in urban education. As a result of this exploration I have arrived at
this juncture. My choice is to either delude myself into thinking that my individual work with teachers
at my local secondary school will change educational outcomes for most of their students or face the
reality that unless there is systemic change within that school community, education outcomes will
remain static. This venture is my attempt at systemic change.
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IS THE BEST WE HAVE TO OFFER ONLY IDEAS?

A PROPOSAL FOR REFORMING SCIENCE TEACHER PREPARATION
Duane Merrell

Brigham Young University

Vexation

In an era of reform and change (not to sound too political), what does science education research tell a
secondary science teacher to do? How can I leave a teacher education program with more than just ideas? Can
one accelerate the process to help teachers become effective in the first years or will it always be a time based
system where some gradually become effective teachers, others leave and even worse others just survive for 30
years and then take retirement, never having developed tools to teach with that effectively help students to
understand.

In 1985 after graduating from college with a degree in teaching math and physics I was lost when I finally was
given my own classroom of students. I have reflected back to those first years often and wondered if I did
anything to help the students I taught understand some math and physics. I left college with ideas, but that was
about it. I liken my experience in education courses as being one of the only math and science teachers and that
made me an anomaly in the education classes I was enrolled in. The education courses gave me wonderful ideas
but almost no concrete tangible things to take with me when I entered my own classroom. It seems that the
courses were building a foundation that can be thought of as the quiver for your arrows. I had the normal
courses, adolescent psychology, classroom management, math and science for teachers, measurement and
evaluation, student practicums and student teaching. When I received my license to be a teacher and stood in
front of 30 students a period, 6 periods a day for 180 days the quiver of ideas was not even close to being able to
meet the needs of my students let alone my needs as a teacher. All of a sudden teaching became, “Let’s all read
section 4.1 to 4.4 today and do the odd numbered problems on page 77-79”, that was the reality.

Now I look back on those first years and wonder what could have happened in my education courses that
perhaps would have helped me to be able to do more than to have my students read a section of the book and
work on the chapter end problems. Could there be a way to not only build a nice pedagogically sound set of
ideas, (the quiver) and also put some arrows in the quiver, arrows that become the tools to make the ideas help
students learn. These arrows would help a new teacher move from ideas to the reality of being the teacher. Or
what is lacking in today’s preparation of teachers that would help them to have tools to use when they get in the
classroom not just a quiver of ideas!

One can study Bloom’s Taxonomy, Gardner’s Multiple intelligences, Karplus Learning Cycle, the 5 E’s of
Instruction, the Moral Dimensions of Teaching, Direct Teaching techniques, Inquiry based learning and a
myriad of techniques but without any tools how far can these ideas take you?

25 years after leaving the College of Education in the University that I attended I don’t see much different of an
approach to the preparation of Secondary Teachers. Same names to the classes, same bunch of ideas, and still
very little in arrows that can be put in this quiver. My vexation is how to design science teacher preparation
programs that not only build a strong quiver for my students’ ideas but gives students arrows that will work in
the first year a new teacher walks into that classroom with 30 students 6 periods a day for 180 days.

As for my efforts as a first year teacher I worked hard but fell back into the read section 4.1 through 4.4 and do
the odd numbered problems because the ideas were great but the application had not been emphasized, just the
idea. Hence an empty quiver! I always wonder it I should contact all of those students that I taught in the first
few years and see if they think of the classes that I taught the way I saw myself struggling being ready to be a
teacher everyday. Maybe someday I can offer them a refund for the experiment they became for me.

Venture

The basic course work to receive teacher Utah Teacher License through BYU consists of: PhySci 276,
Exploration of teaching physical science (40 hr practicum in schools); PhySci 377, Teaching Methods and
Instruction secondary physical science; PhySci 378, Practicum in Secondary Education (32 Hours in schools);
PhySci 476, Secondary Student-Teaching Internship (15 weeks). In addition, students take: CPSE 402 ,
Teaching students with disabilities; IP&T 286, Technology in Education; Sc Ed 350, Adolescent Development in
an Education Context; Sc Ed 353, Multicultural Education; and, Sc Ed 379, Classroom Management. The course
work that is in a physical science teachers’ field of focus is taught in the College of Physical and Mathematical
Science. Yet during the second year when following student teachers I found that they fell back to practices that
even they would have weeks before said were not effective, just to survive. Back to the read section 4.2 - 4.5 and
do the problems on page 87-88, kind of teaching.

My venture began to find away to help the students have some tools to go with the framework of ideas that they
had been given. I wondered if engaging students using inquiry techniques was a feasible way to change the core
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fibers of the young teacher to see student engagement as the behavior modifier to look for in identifying if
student learning is happening.

Since doing a new power point on inquiry based teaching does not seem to change the inner fibers of a young
teacher, would an inquiry based course that they participate in as a student promote the change? This led to an
idea with two premises. First: If students could actually go through a course that was for them, that was inquiry
based for a 15 week semester would it promote change that was significant and lasting? Second: Would I be
able to see the difference as I observed them as student teachers, interns and first year teachers where possible?

Physics 313r, Modeling Methods in Teaching Physics was the first attempt. Modeling is what I would call a
guided inquiry in the learning physics. Students would actually be taught the Modeling Physics curriculum that
was developed at Arizona State University. Then they would student teach and I would observe if the
fundamental ideas of the methods and modes that effect student understanding would follow through with these
new teachers or would they fall back to the textbook being king and section 4.7- 4.9 would again rule the ideas
the teacher had for students learning.

Physics 313r, Castle Electricity was the next class offered and it is a scripted inquiry class in that student set up
circuits and measure and observe electrical phenomenon. After each observation of an experiment the students
tweak their understanding of electricity and adjust the model they have for electricity. It is much scripted to
elicit understanding of what is happening in the wires to electric fields and movement of electrons. The kits
needed to teach the Castle Curriculum are quite simple electrical components, batteries, bulbs, compass,
capacitors, resistors, genecons (hand held generators), transistors and things general to electricity, but it is
important to have the materials that are listed for the class as the manual needs them because of the scripting of
the inquiry.

These were added to the physics teaching students options for upper level physics classes they could take. They
were able to substitute one of these courses for another 300 level, like advanced optics or another advanced
class. Most students who take one of the inquiry courses also take the other course just because of the effect that
the first inquiry course has on there understanding of how students learn.

After the first two go ‘rounds of these two inquiry courses I have been able to watch student teachers who have
taken these courses and those who have not student taught. I am impressed with the effort that the students
who have been through these courses have had in trying to engage students in the understanding of physics
verses just telling the students what they know and expecting the students to learn what they have been told.
Much more than just an inquiry course, the physics 313r course seems to change the way a student thinks about
teaching and learning.

In the inquiry course the dialogue of why this method is different and how it differs in helping students learn is
discussed often. The inquiry course is not just a content course taught by inquiry methods, but it becomes
another teaching methods course. Yet in this inquiry method of learning course the college student is the
learner and going to be the practitioner of this type of student engaged teaching. The goal is that by going
through the process, looking at the changes in the type of instruction that engages the students in learning by
inquiry the new teacher will start to change how they feel students learn by the core value they see in a type of
instruction they are now experiencing which is teaching for understanding.

In the end what has happened is that students who chose have up to three science teaching methods course with
two of the course being specific content to physics teaching. In the first science teaching methods course we
have all the physical science teaching majors in the same section. Earth Space, Physics, Chemistry, Physical
Science students are all together. We discuss that wide range of topics that fall under science methods types of
courses. But in the final two inquiry based physics courses they are content specific and students experience
them as the student in the course and become immersed in the topics being modeled by inquiry styles of
teaching. If a student takes both inquiry courses it is a full year in changing the thought process of what does
help students learn for understanding.

All in all I feel that one science methods course in the development of young teachers is not enough. I also feel
that another venture for another time is the need to talk about what we are doing for the first year teachers by
way of induction even after they have left our schools. We may say that they have graduated and moved on so
they are not our responsibility. My experience with visiting them is they still need good mentorship during these
first years especially the first year. Another vexation and venture for another time.
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Vexation

My vexation builds upon Amy Cox-Peterson’s (2007) Crossroad venture: “So, my venture is to do
something different, to think differently, and to act differently. I can now work under my own rules. I
am puzzled about what I actually want to do because I have not really thought about it....” Her
presentation at last year’s Crossroads was a reflection upon her course of action following tenure until
she “graduates as a professor” coincident with her son graduating from college. Well, I am at that
latter stage — my daughter graduates from college in 2009. I feel very restless, unsatisfied and
perplexed that, at this stage in my life, I still struggle with the question “what (who) do I want to be
when I grow up?”

Starting at a very early age children are used to being asked this question. The questioning gets a bit
more frantic when they are teens in high school and, even more so, as they approach college
graduation. I think at these stages of youth everyone expects that there is AN ANSWER - that there is
a goal to be reached — that there is a destination in life. One of my daughter’s friends was recently
bemoaning a situation and said something to the effect “well, I guess this is part of growing up” — as if
there is a point where you are “grown up”, as if “grown up” is an end to something.

What I have started to see, however, is that asking “what do I want to be” doesn’t seem to end. While I
don’t hear this from younger colleagues, I find that many of my older friends, with kids out of the
house, are also still asking that question. Like Heidi Carlone (Crossroads 2007) I am also drawn to the
quote cited in John Settlage’s (2006) Crossroads keynote address: “To live is to be continually
deciding what we are going to be. Do you see the fabulous paradox that this holds? A being that
consists not so much in what it is as in what it is going to be and, therefore in that which it is not yet”
(Ortega y Gasset, 1966).

Although I take some comfort in understanding that this unknown future is a common dilemma — that
doesn’t bring me any closer to a solution/resolution. I am drawn to this at the moment because I am
asking myself almost daily now, what do I want to be — am I doing what I want to be doing? This is my
situation, it is a personal one impacted by a “job” that is no longer fulfilling. I have never been a “live
to work” person. I am lucky in that I have a job that is relatively secure, somewhat useful with some
wonderful colleagues. Why am I not happy and fulfilled? Is it suicidal to consider leaving this safe
haven and want more — and what more can I realistically expect to find? As an academic, I don’t think
I am well trained (or trained at all) to think about my skill set and/or what I most like doing — we
teach, do research, some type of service. Some colleagues acknowledge and are open about their
“outside” life, but most are less so — as if our noble academic pursuits are all that matters. I don’t
recall ever being asked to think about what brings me joy and rarely have I thought about what it is
about my job that I most enjoy.

To set the stage a bit, my employment history is that I have been a life science faculty member at a
couple of universities, mostly “soft-money” positions with some teaching and research responsibility.
Then, I was founding director at a nature center and finally, my current position involves significant
responsibility for science education (training of science teaching majors) and outreach (programs to
help teachers teacher science, get students interested in science and, because I don’t have enough to
do, run a small science museum). This path has involved increased administrative responsibility and,
for a while, the new skills needed and new programs developed or improved were a satisfying
challenge. Because I enjoy the challenge of doing new things, I now find myself with a plate that is too
full, nothing I believe I can give up to make room for a new challenge and, frankly, insufficient time to
do some of these current tasks as well as I would like.

I think that the reason for my current situation - feeling restless and dissatisfied, increasingly
impatient, is that I have been at the same job for a decade — “been there, done that” and I am not sure
how to keep being challenged in a way that I enjoy. For the benefit of the program, it is probably time
for someone with different ideas, with the excitement and energy that I cannot seem to find anymore.
But (the big BUT) is that I don’t feel that I am past my usefulness, I am not ready to be sent out to
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pasture. I still have a skill set, I hope, but I don’t know how to identify it or what the next step should
be. I understand the value of risk, but have never been comfortable with it and I would be less anxious
with the idea of this venture if instead of “walking away” I can be “walking toward”.

While, on the one hand I consider my situation a highly personal struggle, as I began to work through
this, talked with others, read a bit including many previous Crossroads articles I realized that this
questioning is an on-going and common process. I was still hesitant to write about this for Crossroads
until one evening when Steven Colbert interviewed Maria Shriver about her new book “Just who will
you be...” If this topic is good enough for Steven Colbert!!, perhaps at Crossroads 2008 it is ok to
question and focus on the WHO rather than the WHAT we will be and that this is an ongoing part of
“growing up”.

Venture

Walk away from my comfortable job and find something new to bring happiness. Do something
different, think, act and feel differently. Where is my crystal ball? How do I find the courage to walk
away — it feels like opening a door into the abyss, taking that step with faith that the parachute will
open. Part, a big part, is of course the economic worry — was there ever a worse time to retire (I am
reasonably sure that answer is yes — don’t most potential retirees have this stress). A lesser stress, but
ultimately more important, is will I find something to do that will be satisfying? Boredom isn’t an
issue, I have plenty of things I can do. It is the feeling that comes from being useful, of value and
creative that I want.

My interpretation of the Dylan Thomas poem is a very loose one, I am not raging against imminent
physical death but a fear of irrelevance, uselessness. I (quite egotistically) want to have mattered, at
least to a small subset of the population (outside of my family). There are several categories of
options: I could do more of the same in a different location, seeking employment as an education
consultant at a university or with the Utah State Office of Education. Teaching youth requires skills
that I know I do not have and moving is an option that would be quite difficult. Maybe I could find a
donor to take Science Olympiad to another level. What I need help with is thinking outside this box -
part of me wants the courage to try something totally different: what is the skill set that most of us
have and how/where else can this be applied? Should I teach SCUBA to a cruise ship audience or plan
and run art programs for a local volunteer organization. I rant against poor writing, can that energy
be channeled somewhere. Science Education is my comfort zone, but I am looking now to identify and
explore some of the paths not taken. If I need to rage, maybe it should be against a facet of the
Depression era parenting we baby-boomers received, where a career was for life (my Dad had only one
job, as have my two siblings) and change greatly feared.

It might seem that my venture is to identify something to “walk toward”, however, that has never been
part of my career path. I have never left one position to go to another. For one reason or another one
position has ended and, soon after, another has become available. The cliché of “when one door closes
another opens” has actually been true for some aspects of my life and thus my venture is to find the
courage to take that first step - to walk away from my current job with all its comforts and see what
happens, trusting that the parachute will open. Preparing this presentation has been incredibly
helpful and the differences in the perspective of my academic friends compared to those in other
careers quite enlightening. After so many years of focusing on what “needs to be done” it is incredibly
hard, as others have indicated, to even think about what we WANT to do, what do we find joy in doing,
WHO do we want to be.
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Vexation

My vexation stems from seven years of professional development with science teachers in an urban high-needs
high school in upstate New York. The focus of this effort has been helping educators bring more authentic and
relevant science instruction into their work teaching within a curriculum focused on high-stakes testing. While
this work has been held in high regard by the teaching faculty, there has been little effect on curriculum or
student achievement. Simply put, my vexation regards getting a group of overstressed science teachers to go
around and beyond a strictly defined curriculum that most of their students can care less about.

It has become clear to me that the high stakes test represents an oppressive barrier to the achievement of both
teachers and students in this population. The testing framework forces the teachers to administer an abstract
curriculum that is largely disconnected from students’ lives. In the low socio-economic community served by
this school, fulfilling simple basic safety and security needs can often be the most important focus of a student’s
attention. Performing well on an abstract curriculum is not a real concern. The upshot of this attitude inhibits
students from fully engaging in the school experience. Students are typically tenuously connected to school, 200
of the entering freshman class of 400 will drop out prior to graduation. Numbers are bleakest for black men.
Only about 15% of them will graduate. That school is something so many opt out of, due to disinterest and a host
of other pressures, shows that even the natural attraction of being around one’s peer group isn’t enough for the
students to endure the drudgery of slogging day after day to master a curriculum that is irrelevant. That we
continue this practice is its own type of madness.

Teachers find themselves in a “Catch-22.” Large numbers of students failing the year-end assessment and
thereby failing the class has induced the school district to prohibit the teachers from actually using the results of
the high-stakes test as a basis for grading. Savvy student have quickly learned that they really have no incentive
to actually take the test they have been preparing for all year. Teachers are disheartened; most students limp
along, a few dropping out each month, the few high achieving students persevere. There is little, if any, mention
of cultural relevancy or social justice. Ties to other curricular areas are weak and any authentic mention by the
teachers of connections to good literary sources or current events is seen as, “not helpful for the test.” Demands
of teaching towards a high stakes test have limited student experiences to largely an abstract exercise in reading
comprehension.

Venture

My venture is to develop and tryout, with the teachers, a curriculum that is specifically geared to break down
issues in student lives, with a focus on providing concrete examples of how to apply the processes of science.
Using discrete units of instruction to identify oppressive forces in society that inhibit students’ ability to flourish
personally, socially and academically could provide an “antidote” for the drudgery of science instruction geared
towards the test. Students become most interested in instruction when it is delivered through provocatively
discrepant introductory level experiences, extending into elaborations and applications that connect
substantively to their lives.

Possible, science oriented, focusing questions that might particularly pique student attention could be drawn
from topics of: transportation, consumerism, self-expectancy, sexuality, violence, disease, pollution, criminality,
racism, gender and disability issues. Students are disengaged and capable of much more than what they are
challenged to do. Any substantive opportunity to develop problem-solving investigations that truly engage
individual attention in a thoughtful, reflective manner could greatly help the overall climate for instruction.

Two exemplar curriculum units I'm calling “How many bubbles in a bar of soap?” and “Weighing fat” illustrate
the type of personal experiences that may ignite student critical thinking and problem solving skills in a manner
relevant to their lives. Changing how teachers and student perceive instruction is a lot to ask from any one
curriculum unit. Key to the success of this effort is institutionalizing the rewarding of teachers to plan for a
more transformative learning process.

“How many bubbles in a bar of soap?,” is an invitation to consider aspects of social justice in the context of a
Fermi question, that was asked as a poll question in the Jim Crow south. Students first consider the historical
context of disconnecting Black citizens from their right to vote in the racially segregated south and then in a
learning cycle format explore the chemistry and physics of soap bubbles. Students reconnect to the theme of
social injustice by coming back into discussion of aspects of race, including the historical creation of the idea of
race as a social phenomenon. The idea of a bubble, a series of membranes and intersecting planes becomes an
important metaphorical image in discussing this content. Also exploring the, at times, dark history of science
contending with race is a fascinating saga of how science and society interact and an excellent case study in the
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nature of science. Discussing the concept of race in a clear, creative and expansive manner is a provocative and
potentially meaningful aspect to include in student school science experiences.

Another personally relevant curriculum that engages students in considering how science impacts their lives is
looking at the biological effects of a continual high fat diet, in the context of a low exercise lifestyle and over-
consumptive habits. Students begin this learning cycle by discussing their experiences with fast food and
overeating. The critical inquiry of this exercise involves students weighing out lumps of fat. “Crisco” works well
because it looks a lot like what one imagines fat would look like in your body. Further, the manufacturing
process involves adding air to the product, decreasing the density, thus increasing the volume of the mound of
white fat that represents a typical fast food meal and heightening the visual impact on students. Students are
typically amazed at the size of the amounts that they weigh out. Additionally, weighing out the piles of refined
sugar and salt in a typical fast food meal provide a great basis for discussion of the serious nature of childhood
obesity, high blood pressure and the increasing prevalence of diabetes. Extending the investigation into
unhealthy and healthy eating habits during an elaboration phase tasks students with applying what they know
into a culturally relevant discussion of positive lifestyle choices. To be most effective, learning experiences must
delve deeply into each student’s psyche. Meeting this goal should be the singular focus of curriculum
development.

Both these, and other similarly constructed units of instruction, if presented as intended, through powerful
investigative moments, defy the ability to be encapsulated within the context of high stakes testing. Due to the
nature of controversial discussions and idiosyncratic presentations possible through the transformative nature
of this curriculum, it is impossible to construct valid and reliable test questions on a large scale that actually
reflect the curriculum. If we value positive personal science experiences for our most disadvantaged students,
then we need to seriously rethink what we present in instruction and how we intend to assess the experience.
Concept driven curricula fail to engage students, particularly students of the greatest need. Expansive lesson
ideas and conceptual presentations that strive to connect, in a personal way, to students, could meet today’s
educational challenges.

The context for this work is one that many teachers face today. Even if they bring a personal interest, strong
teaching skills and good content knowledge, they still face an overly dogmatized curriculum that promotes
mediocrity in statewide achievement and at the same time promotes disengagement, particularly among
populations of individuals most in need of an inspiring educational experience. Teachers in urban settings try to
sow the seeds of complex and abstract ideas in ground where it is difficult to grow anything, under any
circumstance. The rocky, barren, thinness of an unyielding curriculum, designed to funnel students through a
high stakes test, ensures everyone must persist through instruction that students don’t see as relevant to their
lives in any real way.

The crux of this venture is to work towards supplanting a curriculum that works against the best interest of the
students it is supposedly designed to serve. It is the nature of change to not abandon a strongly held view until
overwhelming contradictory evidence presents itself. Teachers have a great stake in the curriculum. The
framework in place has a tremendous inertia, replacing it wholesale with a more stimulating course of study is a
real challenge.

Years of working in urban classes shows that, among large numbers of students, there is a pervasive lack of
desire to meet the challenges of meaningful and authentic learning. The current situation is the fault of
everyone in the system: students, parents, teachers, administrators, everyone. Teachers however, are the only
ones in place to implement the curriculum; they are the only ones capable of starting the change process. It is
incumbent on them, and ultimately it is incumbent on professional developers as “initiators” of teachers to
develop experiences that have potentially transformative properties, which draw all stakeholders into making
change. This work is intended to take a creative and experimental tone. Constant iterations of trying out
complex and meaningful curriculum, embodies the nature of scientific investigation and has a potential to
engage learners in an manner that transforms how they relate to the school experience. It is the intended nature
of this proposed transformative curriculum to examine relevant and controversial ideas. In a school climate
geared towards the blandness of high-stakes testing, this work necessarily pushes teaching into being somewhat
of a subversive act. Convincing teachers to work within this framework entails getting them, to some degree, to
work against their own interests. Teachers satisfied with the status quo, or resistant to change would tend to
cling to the old curriculum, despite prevalent student dissatisfaction and high dropout rates. The tremendous
need that exists in stressed urban environments begs for a change in viewpoint of what an effective curriculum
means and an all hands on deck approach to implementing the work necessary to realize the great potential of all
students.
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Vexation

About five years ago, I transitioned from a background in wildlife biology to the field of science
education, but I always expected to stay closely tied to my roots in science. As I get further into the
field of science education, however, I feel myself being pulled away from science. The disconnect
between science and science education seems to go both ways. Not only are many science
organizations struggling to successfully incorporate education, but science education programs also
struggle to stay current with and connected to science. Very few of the faculty or graduate students in
my Science Education department at UGA are in contact with scientists on a regular basis and vice
versa. My vexation, therefore, is that there is a gap between the fields of science and science education.
I am concerned that, at least for me, the gap will grow as my career continues unless a concerted effort
is made to bridge the gap. Currently there are few easily accessible venues for scientists and educators
to interact and cooperate with each other.

Through high school and the beginning of my undergraduate education I remained more or less
uninterested in science. I majored in environmental biology because I cared about the environment,
and honestly, because nothing better had come along. It was during a summer internship, after my
junior year of college, working on wildlife research projects that I realized the importance of biology
and the process of science. I had to see the application of the principles that I had learned in class to
understand their relevance and to become truly curious and creative in the way I viewed science. After
the internship I had new direction and enthusiasm. I finished my undergraduate classes with a
concentration in wildlife biology, and learned more in the final year of my undergraduate career than I
had in the previous three. After graduation, I spent a year doing behavioral research on marine
mammals then completed my MS doing research on the population dynamics of black bears. During
my masters education I was a TA for a number of wildlife biology classes, which I absolutely adored. It
was so cool to expose students to different questions and methods related to the conservation and
management of wildlife species. Sharing the connection between science and practical application that
had turned me on to science just a few years previous was satisfying and rewarding, so I began to
think about science education as a career.

After completing my masters I taught high school for four years, teaching Biology, AP Biology, AP
Environmental Science, and Wildlife Ecology. In each of these classes it was important for me to have
students understand the connection between the science they were learning and larger issues such as
personal health and environmental conservation. As a science teacher it was important for me to
remain connected to the current research in science, so I tried to regularly read journals that I had
read during my masters such as Ecology and the Journal of Wildlife Management. Last year I began
working toward my doctoral degree in science education with a focus on students doing science
research in high school and college. My experience working on a research project had a great impact
on me, so I am now interested in exploring the experiences of students participating in research. My
focus is now on science education, but my foundations in science, specifically wildlife biology, are still
fundamental to my motivations and interests.

In an attempt to remain connected to the science community that I used to feel a part of, I presented
at the Wildlife Society’s annual meeting last fall. I had presented my masters research at this meeting
a few years previous and several of my old colleagues were present at the meeting. Although I felt
socially at home at the conference with all the familiar faces, I also felt that the work I was presenting
— a small mammal track tube project that I had done with the high school wildlife ecology class that I
taught — was marginalized at the meeting. Most scientists realize that producing the scientists of
tomorrow relies on the science education today and more tangibly that education is an integral part of
most current NSF grants, but education is not necessarily something that all scientists see as a
fundamental component of their community of practice. And in talking with former colleagues about
teaching I found that they were, not surprisingly, unaware of much of the research that has been done
in science education. I am frustrated because I know that important work is being done in fields of
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science and in science education, but the transmission of information from one to the other is not
fluid. Students would be much better served if we had more avenues for communication between
science and science education.

Venture

The Wildlife Society has several working groups that function as forums for members with common
professional interests to network and exchange information. There is an Education working group
within the Wildlife Society, but it has not been very active for the past few years. The information on
the website is outdated, and there is no indication of future activity. My venture is to join the
Education working group of the Wildlife Society and to help revitalize it. This group could bring
together researchers, practitioners, and educators with the common goal of sharing wildlife science
with students and communities. I see the education working group meetings as a forum for discussion
regarding the present state of wildlife science education, as well as a venue to share research,
educational approaches, curriculum, programs, methods, ideas, and concerns. The discussions and
ideas shared within the group would work toward bridging the gap between science and education in
wildlife science. By establishing and maintaining communication among the members of the group,
the gap will hopefully continue to shrink.

My first attempt to address my vexation was on a very personal level. I thought that at the very least I
could make sure that I did not lose contact with the scientific community that I had been a part of
since my masters program. I promised myself that I would attend a meeting and/or submit a
publication to a science organization at least once a year throughout my career. By doing so I thought I
might maintain the connection that I felt slipping away. Thinking about it more, I realized that my
feeble venture would have little impact on others who also felt the gap between science and science
education. I want to do something that others could participate in or that they could emulate in their
own area of study.

Most science journals and conferences have an educational component, but it is usually scientists with
an interest in education that are doing the educational work in their field. All of the most recent
members of the Wildlife Society’s Education Working Group are wildlife biology researchers. None
have backgrounds in science education. It is admirable that they value education and are interested in
working together to better education in their field, but without a connection to science education they
may be selling their efforts short. The work that is being done in science education could inform the
teaching approaches of scientists teaching courses and could help them understand the effects that
their teaching can have on students. By focusing on bringing scientists and science educators together
at conferences, we could work toward bridging the gap between science and science education.

I do not have experience with working groups, so I would benefit greatly from others’ input as to how
to get this ball rolling. I have contacted the individuals who were last listed as members of the working
group. I heard back from one member who said the group will probably meet informally at the annual
meeting this November. This group member also gave me the contact information for the current
chair of the group, but I have not heard back from that individual as of yet. I mentioned in emails with
past group members that I am interested in joining the group and attending any meetings at the
conference in November. I hope that the Crossroads meeting will help me prepare to address my
vexation at the conference. I want to do what I can to contribute to the working group and to increase
the connections between scientists in the group and science educators, but I do not want to give the
impression to the current group members that the work they have been doing is sub-par. I would
appreciate suggestions on how to contribute effectively without overstepping any bounds in the
process. If others have been in similar situations, I would be eager to hear their experiences, and I
would be very receptive to other ideas and advice as I pursue my venture.
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Vexation

Culturally relevant pedagogy (CRP), in its original form proposed by Gloria Ladson-Billings (1995), captured the
practices of elementary school teachers who were deemed successful with African American children. The major
elements that comprised culturally relevant pedagogy were as follows: 1) Academic excellence — teachers
believed the students could achieve and expected them to do so; 2) Cultural competence — teachers valued the
students’ cultures and provided avenues for them to maintain their cultural integrity while simultaneously
encouraging students to be proud of their cultures; and 3) Critical social consciousness — teachers
acknowledged and worked to change injustices and promoted this critical social consciousness in their students.
Although the research includes numerous qualitative studies, the research to date has been characterized as
anecdotal. My vexation is how to operationalize the second and third elements of culturally relevant pedagogy so
that it can be employed and researched in a systemic fashion on a larger scale.

I situate CRP within my

research agenda on social - Chronological Time
contexts. To think about and ¢

accommodate contexts in a I
critical way, I synthesized !
three theories posited by I

cultural psychologists (see

diagram taken from Parsons, .

in press). The synthesis began I

in Crossroads 2006. The |

model synthesized Michael - ’
Cole’s  cultural  historical I ‘
activity theory (CHAT), Urie
Bronfennbrenner’s ecology
systems theory, and Wade
Boykin’s triple quandary.

In Coles’ CHAT, culture is I
central to humans’
interactions with their
surroundings and is conceived I
as socially inherited cultural
practices. I do not delimit
culture to socially inherited I
practices as contended by Cole
(Cole, 1996, 1998) that are
acquired, developed, and I
refined through individuals’ -
prolonged immersions in
communities as asserted by I

Past Future

. Contextual T;{ne

|
I Cultural-Historical

Guiterrez and Rogoff. (2003). The TQS CHAT-Ecological Model created by the superimposition of the triple
Because some practices are quandary onto the CHAT-Ecological Model.
unconscious and exist outside

cognitive awareness, I also view culture as consisting of deep tacit processes that are resistant to change (Lee,
2002). These cultural practices are passed consciously and unconsciously from one era to the next, from one
generation to another (Cole 1996, 1998; Guiterrez & Rogoff, 2003). Cole captures this transmission in several
time domains. In my work, I emphasize the (a) cultural-historical, the history of the cultural group in which an
individual is born; (b) ontogeny, the history of an individual; and (¢) and microgenesis, moment-to-moment
interactions encompassed in an experience. For example, when examining an African American female teaching
middle school science from a CHAT perspective, I would consider her life experiences and worldviews in relation
to the cultural-historical events of slavery, Jim Crow, racial and gender discrimination, Civil Rights movement,
etc. Ontogeny would consider her specific life history with respect to individual circumstances like family
structure. Microgenesis would examine her work and practices as a science teacher in a middle school
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classroom. In addition to viewing cultural practices with respect to time, Cole also asserted that these practices
must be examined within the institutional arrangements in which they occur. Bronfenbrenner’s ecological
environment system is one characterization of these institutional arrangements.

Bronfenbrenner posited that an individual’s direct and indirect connections to and interactions with settings
comprise the individual’s ecological environment. An individual’s ecological environments are represented by a
set of nested, concentric circles that are treated as a system. The system includes multiple layers of contexts in
which individuals of interest directly participate (microsystems, mesosystems) and life-impacting ones in which
individuals are not directly involved (exosystems, macrosystems). Microsystems may involve an individual’s
home, community programs, and science classrooms and the mesosystem refers to the relationships among
these settings. Individuals are not directly involved in the exosystem but what occurs there affects them. For
example, standardized testing enforced by a school district is an illustration of the exosystem. The macrosystem
encompasses the wider society, the ideologies and values that constitute its culture. In the macrosystem, various
groups are positioned differently. Within the context of the United States (U.S.) macrosystem, African
Americans occupy a status and position distinguishable from any other group. Boykin (1986) characterized this
positioning as a triple quandary.

The triple quandary consists of three interacting spheres-oppression, mainstream U.S. culture, and African-
rooted Black culture. When one considers the cultural-historical aspects of the African American experience in
the U.S., racial oppression (the systematic, prolonged, and race-based denial of a group’s access to material and
symbolic resources that have the potential to advance the group within the power structures of society).and
cultural hegemony (the domination of one culture over another) are dominant themes. In the triple quandary,
oppression encompasses racial oppression and the relationships between the mainstream U.S. and African-
rooted Black culture capture cultural hegemony. The triple quandary casts mainstream U.S. culture as the
valued culture and African-rooted culture as its antithesis (Boykin, 1994). In brief, a few cluster values
distinguish the mainstream U.S. and African-rooted culture. In the U.S. culture, individuals and their rights are
paramount whereas the group and relationships among group members are of greatest importance in the
African-rooted culture. Human interactions in a situation are highly valued in the African-rooted culture; in
mainstream U.S. culture, tangible products from those interactions are key. Mainstream U.S. culture advocates
the development of rational thought and the repression of emotion; in contrast, African-rooted culture nurtures
emotional expression as a part of rational thought. To make sense of reality, reality is separated and reduced to
the observable and material in mainstream U.S. culture; in the African-rooted culture, reality is perceived as a
harmonious whole that extends beyond the realm of the physical into the spiritual.

The synthesis of Cole’s CHAT, Bronfennbrenner’s Ecological Systems Theory, and Boykin’s triple quandary
resulted in a two-tiered model. The first layer is applicable to all groups in a society. In the figure, the box
earmarked with the CHAT time domains and the concentric circles representing layers of context comprise the
first tier. The second tier consists of the large and small banners and the triangle; these symbols represent the
triple quandary. My present vexation is situated within the micro- and meso-levels in relation to the triple
quandary, specifically with respect to science classrooms and the homes and communities of African American
students. Although the macro is not explicitly included in the foci, what occurs in the micro is influenced by the
broader contexts surrounding it.

Venture

My venture lies with the second and third components of CRP. At present, I contemplate ways to develop a
systematic way to ascertain and assess cultural competence and critical social consciousness on a large scale
within the contexts of science classrooms. Do we create checklists of characteristic language and events and
determine the frequency of their occurrences inside and outside (e.g. places of significance to student groups of
interest) the classroom?
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Vexation

For better, or worse, the governor in Minnesota read and took to heart the National Academies’
report, Rising Above the Gathering Storm: Energizing and Employing America for a Brighter
Economic Future (2006). This report details recommendations for enhancing the United States’
science and technology enterprises. There is a growing concern that the U.S. is losing its competitive
edge. The situation is exacerbated by continued drastic under-representation of minorities and
women, as they do not enter the science and engineering at rates consistent with their populations.
Enlarging the pipeline of students prepared to enter and successfully complete STEM coursework at
the college level was a main focus of this report. A related report, Tough Choices or Tough Times: The
Report of the New Commission on the Skills of the American Workforce (National Center on
Education and the Economy (NCEE, 2007), categorically stated that “the core problem is that our
education and training systems were built for another era, an era in which most workers needed only a
rudimentary education.” Our fast-moving, global, multidisciplinary industrial environments will
require future graduates to not only have the traditional technical knowledge of their predecessors,
but also a new and broader skill set. They will also need to understand and apply several disciplines to
solve complex problems, adapt to new technology and changing situations, combine ideas to
synthesize creative solutions, and work effectively on teams while having excellent communication
skills (Corleto, Kimball, Tipton, & MacLauchlan, 1996; Shuman, Besterfield-Sacre, & McGourty,
2005).

These documents have lead to the recent creation of “STEM specialty” schools in Minnesota and a
push for the promotion of technology and engineering standards in the state — not as separate, stand
alone standards but embedded into the science standards. Both of these state level decisions are
forcing K-12 schools and institutions of higher education to consider what it means to embed
engineering into science courses or even more broadly to consider what STEM integration might look
like in the classroom. And so the vexation, integration across STEM in K-12 classrooms, became a
collaborative venture between schools and faculty at the University of Minnesota to bring engineering
curricula to all students not just the high-achieving male students with pre-existing interests in STEM
careers.

One of the obstacles to enlarging the STEM pipeline is simply getting students interested in these
subjects (Jolly, Campbell, & Perlman, 2004). Arguments have been made that student interest can be
gained by providing relevance through real-world contexts. A recent study that is part of the National
Academy of Engineering Public Understanding of Engineering Project indicated several messages
about engineering that tested extremely well with young children, teens, and adults in terms of overall
appeal, believability and credibility (Baranowski & Delorey, 2007). They included, Engineers make a
world of difference; Engineers are creative problem-solvers; Engineers help shape the future;
Engineering is essential to our health, happiness and safety; and two strategic favorites emerged --
Because dreams need doing and Turning ideas into reality. Common arguments for K-12 engineering
education include:

* Engineering provides a real-world context for learning mathematics and science
* Engineering design tasks provide a context for developing problem-solving skills

* Engineering design tasks are complex and as such promote the development of
communication skills and teamwork

* Engineering provides a fun and hands-on setting that will improve students’ attitude
toward STEM careers.

These arguments form a compelling case for the potential of engineering education to make a
significant and unique contribution to student learning, particularly for women and minorities.
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However, given that the inclusion of engineering in K-12 settings is fairly recent, there remain many
questions that need to be answered. Mathematics and science teachers are concerned that they do not
have the context expertise to implement engineering into their curriculum. And as a science educator,
I remain cynical about the need to teach engineering in the K-12 setting and the power of engineering
to teach science concepts.

Venture

So the issue for me was do I pick up the venture or just let the engineers take over the asylum? As a
member of the new state science standards committee, it became clear that engineering standards
were not open for discussion but that they will be part of the new science standards for Minnesota.
The new standards will require high school students to take three years of science — a full year of
biology, a full year of chemistry or physics, and a third year of science. This third year could be a full
year of engineering — Project Lead The Way are already promoting their curriculum and despite the
cost for schools to implement this is the current fad in Minnesota. So as science educators do we fight
this trend or embrace this trend? And so for me the venture begins with the broad question in mind of
“Can engineering be used as an integrating theme for students to learn across the STEM fields?” The
venture will take us into both formal and informal settings but with the same question in mind, can
engineering be used as a vehicle for teaching math and science.

The informal setting is a NSF funded ITEST project on the White Earth Reservation in Minnesota.
This project brings STEM activities to students in grades 5-9 during summer and after-school
programs. For five week this summer students worked on a variety of design challenge problems:
launching a chemical rocket with an egg cargo that needs to return safely to earth, designing three
wheel bicycles, an egg drop, and rubber band cars. We took the reasons for including engineering very
seriously — there was real-world context (eggs symbolizing cargo on the Mars Rover), problem-solving
(how many fins? How long should the rocket be? How big should the parachute be?), team-work, and
not forgetting FUN. Students did a lot of measuring, data collection and graphing — many skills that
can be “checked off” in the column of mathematics and science standards addressed in these activities.
Yet, I am still left questioning whether the student learned scientific concepts during their project.

At this stage the venture is back on the drawing table with some more clearly focused questions for the
project team: What are teaching strategies that facilitate learning across STEM in a single project?
What is the right balance of instruction in the different STEM areas? How can projects be designed
such that teachers can focus student attention on specific subjects at the appropriate time (when do
we step away from the project formal to introduce a mathematics or science concept? How do we stop
the activity getting in the way of student learning?
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Vexation

Research, teaching and service. These are the three legs of the stool that holds the golden promise of tenure. At
my large state university, the research leg may be chunkier than the others, but none is spindly. Historically,
this “teaching university” received glory for excellence in teaching with significant levels of service to the larger
community of local school districts. While the path to promotion now includes far more research, it still carries
with it heavy teaching and service expectations. I like all three. But, I am vexed by my inability to balance all
three and do them well. My colleagues talk about being overworked, but I often feel that I am more
“unbalanced” than others.

Our department of teacher education has professional development schools and partner districts. These
connections with schools were a major draw for me when I was seeking a faculty position. I wanted, and still
want, to stay close to K-12 classrooms. I teach methods courses on-site at local schools and I spend, on average,
more than one day per week teaching in K-12 classrooms. I believe, wholeheartedly, that education professors
need to be in classrooms. In science education, more than in science, I think it is easy to enter an “ivory tower”
state. On occasion I, like many of my colleagues, fall into the trap of presenting an ideal image of teaching,
without remembering the challenges. Spending significant time in the schools reminds me of the challenges,
keeps me current with the issues facing teachers, and feeds my soul.

Our university has won numerous awards for high levels of research among universities that do not offer
independent Ph.D programs. Our faculty members consistently bring in remarkable levels of external funding,
considering the teaching loads and lack of independent Ph.D. programs. We do have joint doctoral programs
with other universities, so there is some access to graduate students, but the numbers are very small. The
number of master’s students is much higher, but almost all of these students are teaching full-time and
attending classes in the evening. Very few of them work as graduate research assistants. In fact, I do not believe
there have been any in science education in the nine years I have been at the university. Given these limitations,
one might expect that research is an after-thought. It is, however, the primary criterion for promotion and the
highest status marker in the College. The development of research ideas and proposals, the review of the
literature, and the discussions with colleagues around the country fulfill my intellectual need that was never
touched as a K-12 classroom teacher or as a wetlands biologist. Ilearn so much with every project. I feel that I
am continually growing and stretching myself in a different way than I do with any other aspect of my life.

I am a teacher. Itis a defining part of my self-concept. It is not just what I do. It is who I am. In the past I have
taught elementary students, migrant students, biology students, chemistry students, and environmental
education students. Even when I had a job as a wetlands biologist, I found ways to teach part-time. Now I am a
science education professor, but I continue to refer to myself as a teacher. I know it confuses people and I often
must clarify, but I still define myself with that language. Teaching is fun. I delight in seeing students make
connections among ideas, concepts, and terminology. I receive immense pleasure from figuring out a different
way to help people make sense of an idea that had previously confused them. Just as water would satiate a
parched man, the declaration “I get it, now” leaves me eager to continue to the next adventure. In the
department of teacher education at my university, we teach four 3-unit courses each semester, unless we use
grant funds to reduce our load or we successfully compete among our colleagues for assigned time. Although I
rarely teach four courses a semester, it is common to teach three. International programs are also emphasized
for students at our university. We are located near an international border and we have a goal to increase our
study abroad programs. I believe that students gain much insight from international programs and I have
developed a student teaching experience in Mexico. Watching people learn and grow, in a multitude of contexts,
is exhilarating.

“So”, you may be asking yourself, “it sounds like you are engaged and active in your career. Why is this vexing?”
The vexation is that I cannot do it all, nor do it as well as I would like. And, if I can’t do it all well, I don’t know
how to prioritize and decline opportunities. Sometimes I wonder if there is a gender component to this vexation.
Are women more prone to feeling they need to do everything? If a colleague asks me to work on a research
project, or a teacher asks me to come and model a few lessons out at a school, I find it very nearly impossible to
decline, unless I already have a commitment for the same time period. Part of the reluctance to say no is that I
find the tasks inherently compelling. But, I also feel like it is part of my job (You know...research, teaching AND
service!). This feeling is particularly strong because there is so much work that needs to be done in our field of
science education. We are still early in the evolution of our research base. Many of our elementary schools are
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including very little science in the curricula. Underrepresented groups of students are still performing poorly on
numerous measures of science understanding. The needs are daunting.

Yet, spread too thin, I cannot do my best work. For example, despite having successfully competed for external
funding and collecting large amounts of interesting data, I have not published in several years. In a career such
as ours, with so many opportunities and demands, and a fair amount of autonomy, how does one carve out a
work-life that feels rich, satisfying, and enough without losing all life outside of work.

Venture

My venture is still fuzzy. There are days when I think it is simple. I decide that I should look at the current
priorities of my university and divide my work hours accordingly. On other days it seems equally simple, but in
a different direction. I decide that I should look into my heart and prioritize my time based on what most feeds
my soul, even if it has promotion consequences. Occasionally, I think that I should just walk away from the
career because it should not be this hard to feel that I am successfully meeting the demands of my job. Most
days, I beat up on myself for taking on additional commitments. Then I chug away, doing the best that I can,
saying “If T only had a little more time, I know I could do this better” or “I'm sure I can catch up over the
summer.

While I think this is a general vexation for many people, I believe the solution must be different for each person.
My current plan is to identify ways to be more successful in writing during the next few years. I have tried two
common recommendations, including setting aside a particular time each day to write and seeking a mentor, but
neither has been effective. Writing has not felt “urgent” since receiving tenure, while teaching and working in the
schools is always urgent. In addition, I find it very difficult to ask for assistance from my colleagues because
everyone is so busy.

I continue to seek ways to make myself accountable and to improve my writing skills. My first thought is to find
another person who needs to do more writing. Perhaps we can be accountable to each other. I have started
looking into writing courses. If I can find a course that focuses on academic writing, I'll enroll in it. My first task
will be writing up findings from my project focusing on the social and academic experiences during extended
science field trips for urban secondary students. In this project, I worked with an urban high school with the
following demographics: 2500 students, 100% free and reduced lunch, 60% English Learners, the highest
juvenile crime rate and the highest pregnancy rate among 15-19 year olds in the city. The project included taking
students to Baja California, Mexico to study marine biology for five weeks. Many of the students have never
been to the ocean, despite living less than 15 miles from the coast. I looked at how the trip influenced students’
academic and social perspectives. I learned a lot about why traditional science education can fail urban
students. It is a fascinating project with ample data for articles for researchers and practitioners.

However, the real mystery for me is to find a way to make writing seem as enjoyable as school-based service and
teaching. Becoming more active in writing may not provide me with additional time, but I think it would make
me feel more successful in the career and it would give me the illusion of more balance. Because the truth is, I
never complain that I have to do too many school-based grant proposals or projects.

I am hoping that by sharing my vexation in an environment of trust with colleagues who may face some of these
same feelings and experiences, I will be better prepared to find an acceptable, if not perfect, balance. Maybe, if it
isn’t too much to ask, a balance that leaves time for laundry and an occasional visit to the gym. But, I think I
need a deadline. If I don’t find a way to put the pieces together in a sustainable manner within five years, I will
consider a career change.
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Vexation

I have recently defended my dissertation and have taken a position at Chico State as an assistant professor. The
dissertation has uncovered some insights that I believe would be informative regarding culturally responsive
science teaching. My study of African American young men attending an inner city school focused upon the
reasoning that guides their decision-making in an everyday cultural practice: a card game called Spades. Even
though my research has reinforced that these young men possess funds of knowledge that could enhance their
learning, the study did not focus upon science concepts per se making the link between scientific reasoning and
everyday practice problematic. Consequently, I am looking for input about how to bridge those two realms: the
academic world versus the lived experiences of African American young men. So that the reader can provide
informed input, the focus of the first section of the paper is to summarize the central findings from my
dissertation and to highlight the problematic nature of relating my findings to classroom practice. In the second
section, I propose a venture in the form of a university level course to be taught at Chico State.

The research question guiding my dissertation was as follows: What kinds of models or model-based reasoning
are learned and developed by African American young men playing the culturally valued game of Spadest? I
asked this question in order to provide a lens that might facilitate making connections between what the players
learn through the practice of Spades, and what scientists do when they engage in modeling, a practice central
science. The underlying purpose of the study was to gain insight into how we might improve educational settings
for African American young men, as they currently occupy the lowest levels of achievement in science education.

In the exploration of the research question, the study highlighted a number of central findings. Through the
diachronic analysis (i.e., taking place over time), I found that Bid Whist and Spades are common cultural
practices in African American communities which taken together date back nearly 150 years. Players have
changed the game of Spades over the past 70 years, and the players at the high school where I conducted my
study continue that dynamic history by creating and changing a game that they now call New School Spades.
They continually change the game in order to keep it enjoyable and to maintain a competitive edge over their
competitors for the purpose of maintaining status and respect in their peer-based community.

Through the synchronic analysis (i.e., taking place during single events), I found that expert players have
developed an ethic of conservation to consistently win tricks with the lowest possible card. To do so, the expert
players use a number of resources including the ability to strategically and simultaneously talk, count cards,
selectively memorize cards played, assess risk, bluff, read partners as well as opponents, estimate probabilities,
and predict outcomes. By using their resources the expert players win games consistently, even when they may
not have been dealt the best hands. As a result, they maintain their status as the best players in the Spades
playing community at the high school.

Finally, I found that Spades players use a number of forms of cognition that relate to modeling and model-based
reasoning. In short, the players consider multiple variables, as well as their mathematical relationships, to
predict future occurrences and then play cards accordingly. Estimating the effects of a change in a variable on
the probability of an occurrence is salient. As the game of Spades is dynamic, the players operate from different
models depending upon the situation. Such models include ones for bidding, leading, and playing from second,
third and fourth positions.

The findings from the play-by-play analysis demonstrate interesting connections to scientific modeling. For
instance, conceptual models from any given field of science that attempt to represent and make sense of complex
systems or phenomena deal with multiple variables in a system and their relationships, often described in
mathematical terms. Such reasoning is also germane to playing Spades, as the players consider multiple
variables and their relationships when making decisions. Further, modelers always deal with high degrees of
uncertainty as the systems being modeled are often complex and the data collected are often incomplete.
Scientists call these fuzzy models, as the observations and data only allow for scientists to use data and predict
outcomes in terms of ranges and likelihoods. Spades players use similar forms of reasoning, as they make
decisions based upon only seeing a small part of a larger picture: their own hand and any cards played by their
teammate and opponents. They use these observations, along with a general knowledge of probability, to make
predictions and play cards accordingly. Lastly, all modeling uses conditional probability: the likelihood of any
future occurrence is always dependent upon specific conditions and inputs. Again, the Spades players are highly

" See http://en.wikipedia.org/wiki/Spades for a description of the game.

8 . .
7 Science Education at the Crossroads



ROLLING THE DICE ON A GAME OF CARDS

Al Schademan
Cadlifornia State University, Chico

skilled at assessing situations, estimating the likelihood of future occurrences based upon their observations,
and making decisions accordingly. In all of these ways then, the resources that Spades players have learned and
developed relate in significant ways to the scientific practice of modeling.

The vexing part of my study resides in its implications for science teaching practice. What does a science teacher,
who works with African American youth, do with this information in order to improve their classrooms for this
traditionally underserved population? As with any study that draws from cultural practice in out-of-classroom
settings, transferring the research findings into the classroom is loaded with issues. The knee-jerk reaction is to
play Spades in class, help students realize the significance of the kinds of cognition they are using, and use this
as a basis for engagement in scientific practices like modeling. Such a move is problematic for two reasons. First,
it risks colonizing the practice: changing the practice, changing its context and purpose, and in the process,
alienating those from the game who have traditionally engaged in it. Second, although Spades and Bid Whist are
common games in African American communities across the United States, a large percentage of students from
these communities do not play Spades. Consequently, what does one do with this study? How can the findings
be put to work in concrete ways to improve science education for African American youth?

Venture

Given the challenge of relating the findings of the Spades study directly into classroom practice, I am proposing
a venture that focuses upon preservice and inservice teacher education. Specifically, I am proposing designing a
course in secondary science pedagogy to be taught at Chico State to either undergraduate preservice teachers, or
to inservice teachers at the master’s level.

The course would involve two themes central to the Spades study. The first theme would focus upon research on
African American youth (as well as other youth from non-dominant groups) and the resources they learn
through cultural practice. Using deficit notions of these students and their communities as a foil, this section of
the course would examine current research from a number of scholars that takes an asset-based or resource-rich
view of students from non-dominant groups. During this section of the course, the teachers would challenge
their own deficit views of students and be encouraged to appropriate asset-based perspectives based upon
critical readings of research, classroom discussions, and their own writing.

The second theme of the course would involve pedagogical interventions designed to open up classrooms to
student resources in the service of disciplinary learning in science. This part of the course would foreground a
modeling perspective drawing heavily from researchers in both science and mathematics education. The
students would examine these practices by reading reports of empirically based research interventions, some of
which focus on schools in high needs areas. The final project for the course would be to incorporate what they
have learned from both parts of the course into the design of an innovative unit. Choosing one of the pedagogical
interventions covered in the second part of the course as a foundation, the teachers would create a unit that
incorporates modeling in a way that draws upon student resources in significant ways. To maintain relevancy of
the end product, the students would be challenged to design a unit that not only meets the objectives of the
course, but is also aligned with state and national standards for science education.

I have many questions for my peers in science education about this venture. Is this a good first step for building
upon my dissertation? Does this course sound doable? What about the course might I research, given that Chico
State is an R2 university where teaching is the focus, but research is required for tenure? What are my chances of
getting a course like this passed through the department? Might the course encourage change and innovation in
science teaching practice that would benefit students from non-dominant groups?
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Vexation

The issue I find myself facing is a research challenge related to my own teaching practices. For many years, I
have worked at the intersection of science education and student diversity in its many forms (race, ethnicity,
language, ability, gender, immigration status, etc.). Even though I am coming to accept that I may never fully
grasp all there is to know about student diversity and its relationships with science teaching and learning, it feels
that after all these years that I should be approaching a more complete understanding. I read about the issues. I
attend research colloquia where others share their work. I incorporate the theories and associated strategies into
my teacher education courses. But just when it seems I have a firm grasp on the slippery beast, I discover that it
has more heads, sharper teeth and a stronger torso than I believed. When I worked in Cleveland, my mind was
opened to the issues of inner city African-American learners. In Utah, my world expanded to include recent
political refugees and unique religious forces. Now in New England, diversity issues emphasize English language
learners and the associated puzzles and challenges.

Some research I have conducted has taken the form of self-studies of an advanced elementary science methods
course that I teach in the fall semester. Perhaps because I am paying more attention but it seems there are an
increasing number of science educators who are similarly engaged in disentangling second language and science
learning. As I have moved ELL considerations to a more prominent position in my course, I have discovered this
provided a fascinating entry point for opening my students’ minds to broader diversity concerns. The resistance
I normally detected from preservice teachers when I broached questions about race was not as strong when
language learner considerations serve as our starting point. The standard defensive moves my students
displayed whenever “multicultural” was uttered seem milder when the emphasis was upon children whose first
language is not English. Better yet, with ELLs as a foundation, it felt as if the future teachers were more receptive
to broader and more contentious aspects of power and privilege. Fortuitously, these efforts turned into an AERA
paper (Settlage, Gort & Glenn, 2007) and a contribution at a recent TESOL meeting (Gort, Glenn & Settlage,
2008). Somehow, and this has a great deal to do with my wonderful collaborators, these efforts have been
positively received by a wider audience. However, I am not satisfied with telling my own story.

I do not wish to disparage efforts by others who use self-study of diversity issues (e.g., Tidwell & Fitzgerald,
2006). While it has its place, as a consumer this methodology is unfulfilling. I wish to study the influence of the
various aspects that methods course have upon my preservice teachers. The problem I am facing is that I view
their growth as very personal and emotion-laden. In addition, rather that represent their growth as a smooth
line tailing upwards, the process of change is punctuated: resistance (no change), advances (sudden shifts),
regression (falling backward) — and even precipitated by non-classroom events (e.g., a dawning realization
when overhearing a conversation in the teachers lounge). The sudden mini-transformations are of great interest
to me, in part because the process contradicts developmental representations of learning. In my role as mentor
to future teachers, the evolution I sometimes am able to witness fills me with delight. As a regular instructor of
this course, I am uncertain about ways to evoke those successes each term. And as a researcher, I am puzzled
about approaches that would allow me to capture, analyze and interpret what transpires.

My students have been forthcoming and articulate about the course topics. By way of illustration, we regularly
schedule an immersion experience during which a colleague from the physics department comes to teach a
lesson. Carolina uses appropriate science pedagogy but inappropriate language supports. This is deliberate and
diabolical because uses Spanish exclusively and expects that of everybody else. The responses by my preservice
have become part of the discourse about the course: unsolicited commentaries about the immersion event are
made months after the semester has concluded. This past year, the interesting behaviors on display included
palpable tension between the guest instructor and a few preservice teachers. Also, as has been our practice, we
re-organize the work groups to redistribute the occasional Spanish speakers among my students. Within one
group, the removal of their Spanish-speaking peer actually empowered the monolingual group. When there was
a translator in the group, the others acquiesced to him and I had noticed how uncharacteristically detached the
others had been during the hands-on activity. The sudden absence of a language interlocutor prompted the
others to take control of their work. As their teacher and a researcher, I find this all of this to be fascinating. My
difficulty is in how to appropriately conduct a formal study of such events.
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COLLABORATIVE RESEARCH ON DIVERSITY ISSUES WHILE
LEARNING TO TEACH SCIENCE

John Settlage

University of Connecticut

Venture

While I confess being susceptible to novelty, that is not the motivation for this venture. My goal is to recruit the
preservice students enrolled in my method course as both research participants and the co-researchers.
Learning to teach science in ways that are appropriately responsive to student diversity is very complex. By
drawing upon my students’ perspectives my intent is to capture the complexity in ways that would impossible if I
pursued this as a solo effort. I am less concerned about using my students to validate my findings because I will
be relying upon them to enrich the story (Pillow, 2003). I too would participate by reflecting about my role as
the instructor. This reflexivity would similar to how I will encourage my students to contemplate their views
about teaching to diverse student populations (McCorkel & Myers, 2003). Realizing that we will come to these
issues from varying perspectives, I hold onto the expectation that collaborating will be informative for everyone
even though we may not all benefit in the same ways.

This will unfold during Monday evenings within a graduate science methods course. Though we are a month into
the semester by the time we discuss my Venture, I would appreciate input from fellow Crossroaders. I should
mention that my theoretical frame is James Gee’s identity framework. I would like to examine how my students’
report shifts with their affinities toward certain practice systems (e.g., social justice, teacher advocacy) as well as
examining the ways in which they shift in their views about the salience of their “nature” identities (e.g.,
ethnicity, language, and other background features). Realizing that the catalog description of this course
mentions “materials and methods in elementary science” the students will reasonably anticipate learning about
teaching strategies and curriculum resources. I am confident that we can strike a balance between practical
issues and the more pressing considerations of student diversity.

My plan is to supply my students with experiences that will prompt them to consider the implications of student
diversity upon science teaching. There are course readings meant to expand their perspectives along with
activities (e.g., the Spanish immersion lesson) that will enliven the course. New pieces will provide opportunities
for reflection and discussion. One will be a network of reflexive blogs with restricted access between each
participant and me. They can include others from the class if they wish. Doing this online will allow for a freer
exchange of ideas — and it makes the documentation from a research perspective smoother, too.

Last year, I gave the students an introductory questionnaire that included a few items such as “How relevant do
you feel your cultural or ethnic background is as you think about your role as a teacher of science over the next
few years?” At the end of the semester I returned their original responses to them. This generated an interesting
discussion wherein many were aware of their shifts in perspectives. With that in mind, I have identified several
surveys that my students will take and then we will discuss the results with each other. The first is a
Multicultural Ethnic Identity Measure.

In summary, my venture is to engage my students in a collaborative investigation of their shifting views about
teaching science in diverse educational settings. Rather than stepping back and studying them, my goal is to
engage them as partners in this investigation. I anticipate there will be some challenges and would offer the
following as questions that would help me:

o What examples of similar research exist that you would recommend that I consult?

o Are there activities or readings you would suggest we use in the course so as to push my students to
confront issues about student diversity and science learning?

o What other dimensions of this venture (the course, the study, the collaborative authorship) would you
advise me to contemplate as we move ahead?
o What kinds of frameworks would you suggest I become aware of: I have only recently learned about

“interest convergence” and I suspect there are other conceptual tools that would be helpful to me
and/or my students?
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TEACHING AS A MORAL ENDEAVOR: PREPARING TEACHERS
TO PROVIDE ACCESS TO KNOWLEDGE FOR ALL CHILDREN
Leigh Smith

Brigham Young University

Vexation

In the Department of Teacher Education at Brigham Young University (BYU), we hold that education
is fundamentally a moral endeavor. Because of this, we seek to prepare teachers who embrace
Goodlad’s (1990) moral dimensions of teaching, which combine to emphasize teachers’ shared
stewardship to implement nurturing pedagogy that ensures all children access to the knowledge
necessary to enable them to participate fully in a political democracy. The National Science Education
Standards (National Research Council, 1996) also advocate science education that empowers all
students, preparing them with the knowledge and skills requisite to making sound decisions and
becoming responsible citizens (American Association for the Advancement of Science, 1989).

I support and applaud our institutional aims, recognizing that my commitment to these principles
originates from a deep moral sense of regard and compassion for other human beings. Indeed, I
believe that all educators, individuals who are responsible for the care and nurturing of others, should
view teaching as a human action undertaken with issues of what is fair, right, and just in mind. Thus, I
also envision teacher preparation as an opportunity to support prospective teachers’ ability to
“develop educated persons who acquire an understanding of truth, beauty, and justice against which
to judge their own and society’s virtues and imperfections...[while] ensuring that no attitudes, beliefs,
or practices bar students from access to the necessary knowledge” (Goodlad, 1990, pp. 48-49). I
believe that this suggests that there exists a moral imperative to prepare culturally responsive teachers
who are equipped to work to overcome the existing disparities in science achievement among various
demographic categories of learners. Herein lies the source of my vexation.

Situated among the foothills of the Wasatch Front, BYU is a private university, sponsored by the LDS
Church, which attracts students from all 50 states and international students from over 50 countries.
This means that, unlike many teacher preparation programs whose focus is to prepare teacher
candidates for the populations of students that inhabit the communities immediately surrounding the
college or university, our goal must be to prepare teachers to return to their various communities and
the diversity of student populations situated there. However, like most teacher preparation programs,
our preservice elementary and early childhood teachers are predominantly White, middle- and upper-
class females in their early twenties, who may or may not have interacted with diverse others, even as
students.

Much like other teacher preparation programs, the intending teachers in our program are asked to
face, or at least discuss, issues of difference. They are required to successfully complete specific
courses that address diversity and attendant implications for practice as well as methods courses that
explicitly speak to issues of diversity with respect to teaching particular academic subjects, such as
science. Additionally, field experiences offer opportunities to apply strategies of responsive pedagogy
in situations that involve children with differing socioeconomic, cognitive, or physical capacities.
However, multicultural issues are most often addressed largely from an academic or theoretical
perspective. Although we are able to place prospective teachers in classrooms that are becoming
increasingly diverse as the demographics of the Intermountain West region of the United States slowly
shift, field experiences that enable our students to interact with children whose heritage and cultural
norms differ substantially from their own are relatively scarce, particularly in the school districts
immediately surrounding our campus. And, while BYU offers a number of options for field
experiences outside of our predominantly suburban area (inner-city Salt Lake City, Houston,
Washington D.C.) and even outside of the United States (Mexico, New Zealand, China), a
comparatively small number of our intending teachers elect to participate.

Interestingly, I hear little, if any, conversation from our education majors that might suggest that they
are insensitive to or lack concern for children of diverse backgrounds. Rather, it is typical for these
young women to speak sincerely of all students as “God’s children.” Indeed, it is not uncommon for
preservice teachers to have served 18-month missions for the LDS church nationally and
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internationally—amongst very diverse populations. However, their notions of difference with respect
to teaching and learning within schools and schooling remain naive and, in some ways, “blind” to
cultural differences. I am left to wonder if this is because they lack practical experience in classrooms
with diverse students.

Venture

To be honest, I acknowledge my efforts to address this challenge to my satisfaction to be relatively
unsatisfactory and, perhaps not surprisingly, largely academic. This is likely attributable to my
recognition that I cannot change the ethnic and/or cultural characteristics of the surrounding
populations wherein my students are placed for their practicum and student teaching experiences; I
cannot actually see them interact with diverse students. I do, however, shape the learning experiences
that occur within and as a result of the courses I teach. Thus, my venture has been restricted to my
own classroom.

Along with emphasizing the myriad issues associated with multicultural education as we attend to
various topics surrounding science teaching and learning in class, I have adopted teaching materials
for my methods courses whose focus is teaching science to all children. These include textbooks and
other print materials as well as videos of elementary and early childhood classrooms with diverse
populations. All of these materials lead to rich conversations amongst students and instructor.
Additionally, case studies are used to help preservice teachers identify issues related to difference and
teaching/learning strategies that successfully negotiate the complexities inherent to teaching across
cultural boundaries and teaching students with varying cognitive and/or physical abilities.
Nevertheless, I recognize that no matter how excellent the materials used to stimulate or guide
discussions about diversity relative to teaching and learning science, teaching science in diverse
settings is best learned by doing it. As Settlage and Southerland (2007) so aptly argue, learning to
become culturally responsive must ultimately involve “firsthand interactions with children” (p. xxvii),
and these are the types of experiences my students too often lack.

Where might I find or how might I create authentic interactive experiences for preservice teachers that
involve children with diverse cultural or ethnic backgrounds? What strategies can you suggest to make
learning activities within the context of an elementary science methods course more authentic to
firsthand interactions with diverse populations of children?
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Vexation

I am a teacher. I have thought a lot over the past year about what I do and what I want to be doing in
the future. Do I want to stay in the classroom? Should I become a principal? Becoming an academic
has always been something that has appealed to me. Is that the right track? I still don’t know the
answer to any of these questions regarding my future, but through the process of pondering and
reflection I have come to realize that teaching middle level science is the best situation for me to be in
right now. I feel like I am making a difference in the world and that is why I started in this profession.
It is incredibly fulfilling. I get to work with kids at a time in their life when they desperately need as
many positive influences as they can possibly have. I work in a profession that allows me to
continually improve my practice. The challenge is awesome I am excited by the realization that I am in
the right situation at this point in time.

I love teaching. I really do. When the 2008 crossroads takes place I will be in my 7t year as a science
teacher. One reason I enjoy my job is that I can look back on the things my teachers did for me and
hope that I'm doing something similar for my students. My teachers made a difference for me by being
individuals whom I could respect, by showing me respect, and by giving me confidence in myself. I can
remember aspecific incidence where a simple comment made by a teacher truly reached me. My
eighth grade English teacher, Mrs. Tueller, told me she thought I could accomplish my goals in a way
that continues to impact me to this day. Speaking to me after class one day she said, “I bet you can get
A’s when you want to.” I responded that I could usually get an A if I really tried. She replied, “I can tell.
I hope you decide to try in my class. I'd really like to see what you are capable of.” I don’t know why
this simple comment made a difference for me but it did. I wonder how many other people have
experienced a similar event, where someone they looked up to made a positive comment about them
that quite literally changed their life. It is intimidating to me to say that I want to better the life of
every student that I come into contact with but that is my goal.

I am in a unique situation as a teacher that I believe greatly improves my potential to influence lives. I
have more freedom to teach in the best way I know how than I thought was possible and I have the
resources to provide students with the materials and experiences that will magnify their learning. I
have accepted a new job teaching science at the Salt Lake Center for Science Education (SLCSE). This
is a dream job in every way I can think of. SLCSE is a middle level charter school/science center that is
part of the Salt Lake City School District in partnership with the University of Utah. Students at
SLCSE have the opportunity to take science related elective classes normally not offered in secondary
schools such as engineering (taught by UofU staff) and museum science (taught by a naturalist from
the Utah Museum of Natural History). I will be teaching one double period (110 minutes) of 7" grade
science, one double period of 8% grade science and an astronomy elective class Monday through
Thursday. On Fridays I'll team teach forensic science first semester and electronics second semester. I
will have 70 total students (down from 200+) and a double preparation period each day (I haven’t had
a prep. in three years). The founders of the school are well connected and have gathered funding
through business partnerships and grants, along with district support, that allows the staff of SLCSE
to purchase classroom equipment that teachers normally just dream about (I had a $5,000.00 budget
for telescopes to enrich my astronomy class). The best part of my new job however, is the population
of student with whom I get to work.

My new school is located in a culturally and ethnically diverse, low socioeconomic status area on Salt
Lake City’s west-side. The neighborhood kids who are attending SLCSE are crazy about science and
truly grateful to be attending a science focused school. Many are faced with very difficult life situations
and obstacles that are very difficult to overcome. I think our science center is the perfect place for
them and providing a top quality learning experience for these disadvantaged kids is a very important
part of the mission of SLCSE. This brings me to my vexation.

Charter schools in the State of Utah are open enrolment public schools. When more students apply to
get into a school during the school’s open enrollment period than the school’s enrolment cap allows
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admittance is handled through a lottery. Students who are not chosen through the lottery or who
apply after open enrolment closes are placed on a waiting list. Many of the students at SLCSE followed
their teachers from the local junior high and elementary schools and were accepted during open
enrolment without the need for a lottery. Word spread about the school after open enrollment closed
and the waiting list filled up. The majority of students on the waiting list were not neighborhood kids.
Many came from affluent areas around the valley. It is my worry that without a previous connection to
a teacher far fewer students from the traditional public schools in the area will apply and SLCSE will
become a school for the entitled.

Venture

I want to find a way to stack our applicant pool with neighborhood kids and help this amazing school
remain a place where disadvantaged students can thrive. I have to find a way to make connections
between the Salt Lake Center for Science Education and teachers and students in the local elementary
schools. I see this as one of the most important things I can do to insure the future success of my
school. I'm not sure of the best way to accomplish this important task but I have a few ideas.

I want to get third through sixth grade students from the surrounding schools into our building so
they can get a feel for the culture of caring and exploration that exist at SLCSE. I have thought a lot
about educational experiences as a learner and why my teacher’s comments have had such a lasting
impact on me. I don’t remember any of the specifics regarding the content these teachers taught me
on the days the comments were made. The comments have stayed with me because they were made by
people I admired. These simple statements helped me to see the impact that teachers can have if they
use their influence appropriately and live to be someone that students can respect. Every teacher is a
role model and mentor. It is part of the job; we don’t have a choice. What we can choose is how
effectively we use our position of influence to help students set goals that are worthy of their potential.
It is a big part of a teacher’s job to convince students of the limitless possibilities that lie before them
and the teachers at SLCSE take that seriously. If primary students can get a taste for our school’s
commitment I believe that SLCSE will be the place they want to be.

In addition to getting elementary students into my school, I want to get my students into the local
elementary schools. There are several areas of overlap in the Utah State Science Core Curriculum
regarding what is taught at the middle level and what is taught in elementary school. I want to get my
students into the elementary schools and have them interact with and mentor the younger kids.
Having SLCSE students present content in primary schools will help my kids better grasp what I am
trying to teach them, give them a sense of pride, and create a connection between the primary kids and
SLCSE.

These ideas are very feasible from my end of things. There are three elementary schools within
walking distance of SLCSE and I have my students for 2 hours a day. This provides ample time for
students to get between schools. I'm worried about facing opposition from the elementary school
teachers who look at the science center as a threat to their sixth grade enrolment. If we have 20 plus
kids come to our school from a traditional elementary school, that school is going to loose a teacher. I
do not know how to reduce this anxiety in teachers. I hope to get advice and mentoring regarding how
to best accomplish my venture. The Salt Lake Center for Science Education could be considered a
success in the eyes of some by way of becoming an elitist school where kids from affluent
neighborhoods and homes come to take advantage of great facilities and teachers. If this happens it
will be considered a failure by those who work there. I can not let that happen.
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Vexation

The discussion below occurred in a middle science classroom of mostly Hmong students. Apart from Hmong
students, there are six White and three African American students in the class. A White female teacher (Anna) is
providing the demonstration and leading discussion as students are engaged in observing and responding to
their teacher. In this day’s class Anna is teaching the unit on “classification” that relates to understanding acidic
and alkaline substances. The goal of this lesson is to address the goals of the Minnesota State Standards in
science content and processes. Anna wants to help students understand and practice how science observations
are recorded, analyzed, and presented in the mainstream science classrooms. In the demonstration students will
observe how an indicator (purple) will change color based on the acidity or alkalinity of a substance. In addition,
Anna’s goal is to encourage Hmong students to actively participate in science discussions. What Anna did not
expect is how the Hmong students will observe, interpret, and understand the results from the demonstration.
Anna also did not expect that the students will have a different way of understanding a simple thing like color.

In the following exchange between the students and Anna, Hmong students are describing their observations of
color changes as cabbage solution, used as an indicator, is put in different acidic and basic (alkaline) medium.

Anna: Xiu (pronounced as ‘Shoo’), why do you think the liquids are same?
Xiu (Hmong male): All the colors are same.

Anna: What do you mean? What are the names of the colors?

Xiu: That, that, that (pointing to each one of the test-tubes) blue color.
Anna: Really? (pause) Sai.

Sai (Hmong female): Yes. Same color, blue. That (test-tube with cabbage solution) dark blue.
That (test-tube with vinegar and cabbage solution) light blue. That (test-tube with soap solution
and cabbage solution) blue...The spirit lives in (shades) of blue.

All Hmong students firmly believed that the color of the indicator changed to various shades of blue in different
liquid mediums. Thus, the above excerpt from a middle school science classroom on acids and bases presents to
many mainstream science teachers a challenging dilemma while teaching science. One of the major challenges to
many mainstream teachers in a non-mainstream science classroom is how to positively and productively
negotiate the impact of culture on pedagogy and how to teach science that is transformative and socially just to
minority students.

The interactions between culture and pedagogy are important because students and teachers express both of
these factors in everyday lessons. However, there are still questions raised as to if culturally responsive pedagogy
and curricula alone are powerful enough to ameliorate the effects of social stratification, racism, unequal
resource distribution, and historical discrimination. In many science classrooms of domestic minority and
recent immigrant students, science instruction tends to discount rich and complex cultural, social, and linguistic
knowledge that the students bring into these classrooms.

Another challenge for mainstream teachers is effectively utilizing students’ funds of knowledge in science
instruction. Students bring many funds of knowledge that are personally and spiritually meaningful to them
because those funds of knowledge are manifestations of their social, cultural, historical, and linguistic
experiences passed on over many millennia. Teachers need to respect and recognize these funds of knowledge in
order to effectively teach science. In this case the goal of learning science can be an empowering and
transformative experience to both the students and the teachers.

Yet, transformative and socially just science is hardly a part of everyday science teaching practices. In many
classrooms science is generally taught to pass the test or to memorize content or to learn the scientific processes
that sustain Western ways of doing science. Thus, the emphasis on the phenomenon of conscientization (i.e.
understanding what is taught and the ability to act on that learning in such a way as to affect a change) is hardly
stressed. As a result, students with vastly diverse experiences than those of the mainstream culture learn science
that is unjust to their knowledge and their ways of learning.

In general schools uphold mainstream culture through the process of exclusion of experiences of
underrepresented students and by deemphasizing their ways of learning science and many other subjects.
Therefore, for many underrepresented students schools become “contradictory social sites” where their values,
beliefs, cultures, and languages are contested and marginalized. Education does not simply reproduce the
inequality existing outside itself; it plays an active part in reinforcing the differences and inequalities that
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already exist. Thus, schools function as agents of a larger system of oppression of underrepresented students.
This is especially true in the case of recent immigrant students, whose science teachers, in many cases, find
themselves unprepared to deal with entirely new cultures.

Looking back at the idea of “shades of blue” among Hmong students, I cannot stop wondering if a mainstream
science teacher would value their ways of observing and explaining a natural phenomenon. How would a
mainstream science teacher reconcile this kind of language discrepancy? Is it then wrong for a Hmong student to
use the word ‘blue’ to describe his/her observations instead of ‘purple’? If the goal of science teaching and
learning in schools is to develop students’ reasoning skills then how should one negotiate with the description
that the Hmong student gave in the class. How can a science teacher present science as a subject that can
transform their lives in different ways? How can a teacher be socially just where s/he has to disregard students’
knowledge? How can we, as teacher educators, prepare our science teachers to be socially just? Does science, in
its basic level, support the notion of social justice? These are very important questions that teacher educators
need to answer if we are to promote and sustain a democratic learning environment.

Venture

For the last six years I have been working with students, teachers, and parents that are at the margins of our
society such as immigrants, low-income, and minority. My engagement with these individuals, in and outside
the classrooms, has led me to understand how important the role of science can be in these people’s lives. In
addition, many students in my work come from cultures where spirit is central to their being. Therefore, I try to
understand and document how the idea and knowledge of spirit fits in the teaching and learning of science. For
example, as one of my teacher participants put it:

I use the idea of spirit synonymous to scientific theory as both of them try to explain a natural
phenomenon. As spirit is a cultural way of explaining why something happened and theory is
science’s way of explaining why [something] happened... May be science teachers can help ethnic
and cultural minority students understand an important aspect of the nature of science by
juxtaposing spirit and theory in their science classes.

Furthermore, can science teachers build a bridge that supports and nurtures these students’ desire to excel in
science and also help them view their spirituality, thus, providing a transformative experience?

Yet, in many science classrooms of minority students I sense that teachers are constantly negotiating between
what the demands of the mainstream science are and the demands of the students who genuinely want to learn
science. The successful teachers have always negotiated this tension between the Western science and the Local
science. What I truly admire about the students and the teachers is their conviction to make science work for
them personally for the better future goals.

My work with Hmong students and their teachers in the U.S. and my work with one of the indigenous ethnic
groups in Nepal, the Tharus, is guided by my desire to understand how students and teachers of these
communities relate science knowledge in transforming the self and the community. Science for students of
these communities is not only about learning new knowledge and ways of practicing the art of doing Western
science, but science can also be a tool to assist in the search for social transformation and social justice. Thus, for
students of these communities my interest is how science learning can connect to transformation and justice. My
hope is that through my work I will be able to engage teachers and students from these communities in doing
and learning science so that teachers will simultaneously promote critical reasoning skills, social problem
solving, socially transformative ideas, social justice, and also success in science.

Very recently I have started a project where I'm engaged in documenting and identifying immigrant students’
local funds of knowledge. The goal of the pilot project is to generate a list of funds of knowledge that students
bring into the classroom and another list of funds of knowledge that they create in the classroom with their
peers. In the second phase the teachers will utilize students’ funds of knowledge to teach science. In this phase
my goal is to discover the impact of this method of teaching on the long term retention of the science knowledge
and skills. For this project, I'm seeking funding from the NSF Early Career Award. I would be very grateful to
receive any suggestions during the Crossroads conference.

Finally, I am wondering what would be an effective way to capture students evolving science knowledge and
their search for social and self transformation through science education. How can teachers promote the idea of
social justice through science education, especially since it may provide a unique opportunity to bridge cultures?
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Vexation: Efforts by researchers and reformers to reduce the race gap in science education focus largely on
national and business interests while ignoring students, parents, and communities. Consequently, these efforts
do little to prepare students to better themselves or their communities. Furthermore, by contributing to opaque
educational policies that privilege the current power base, the system ignores the needs and desires of the
larger community.

The race gap in United States has been a steady and persistent piece of the nation’s history. Much of the work
aimed at understanding and disrupting the race gap has been slowed, misdirected, or wholly derailed by
distractions related to: deficit perspectives about children of color, business models of schooling, and misguided
educational policies such as No Child Left Behind. Racial disparities are not random. They are the product of
social processes involving, at their core, educators, parents, and students interacting with school structures,
policies, and practices. All of these exist within a social system that remains stratified by race and social class. It
is because of the failure to recognize these processes that many efforts aimed at eliminating racial disparities in
education have been unsuccessful.

The National Science Education Standards provided a strategy for improving the way that science is taught in
schools, including the value of diversity and equity in science. Still a significant disparity persists between the
schooling experiences of most students of color and their White peers, a gap particularly apparent in science.
Furthermore, much of the work aimed at reducing (as opposed to eliminating) the gap focuses on the benefits
for stakeholders other than the students and their communities (e.g., the scientific workforce or the business
community). Some have claimed that economic viability and global competitiveness require access to a highly
skilled workforce and that such needs represent a reason for reducing the race gap in science. Arguments such as
these lead to another important question. If the collective technological future and economic potential were not
in jeopardy, would there still be a need to improve the access of people of color to quality educational
experiences, particularly in science? Researchers such as Robert Moses and William Tate encourage the
educational community to recognize that the problem of the race gap is related to civil rights and argue that,
despite national needs, re-shaping the educational system must ensure that all students have access to the power
associated with scientific knowledge.

Venture: The science education community must disrupt oppressive and unjust reforms aimed at privileging
a few at the expense of the many. Unfortunately, educators who exercise individual agency can only be
marginally effective in their efforts to confront these systemic issues. In order to effect large-scale change,
educators must engage in collective agency that includes parents, students, and the larger community. What is
needed is a dedicated forum for these individuals to share ideas, develop strategies, and engage in movement
building aimed at connecting the needs and desires of the community to the current reform agenda in science
education.

From 2001 to 2005, a team of researcher-activists from the University of North Carolina at Charlotte (UNCC)
developed and implemented a project focused on enhancing parent involvement in their children’s education.
Because it focused on higher-level math and science course enrollments, the action-research project was named
the Math/ Science Equity Program (MSEP). MSEP was built around community meetings designed to enhance
the involvement of Black parents in their children’s mathematics and science course placement and academic
track. The intervention linked improved parental knowledge about the operations of the educational system,
parents’ educational rights, mathematics and science concepts, and the course selection process to greater
parental involvement. Informed, assertive Black parents were expected to confront unjust practices in the school
system, to organize and promote strategies for directing or re-directing the trajectory of schooling in their
communities, and to exercise their collective will by engaging in movements that connect the needs of the
community to the priorities of the school. The research-activists responsible for developing MSEP hoped that
the program would assist in closing the race gap in mathematics and science.

As a member of the educational community in Atlanta, Georgia, I am witnessing many of the same issues that
contributed to the race gap in science education in Charlotte. In particular is a school system guided by the
mantra of that which is tested is taught a policy that denies access for many students of color and poor students
to science at the elementary level and limits their access to a quality science education at the secondary level. I
believe that MSEP can be adapted to serve the communities in the Atlanta area and would benefit from the
lessons learned in Charlotte. For example, we learned that efforts by projects like MSEP must be shared by
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multiple grassroots community organizations in large, race- and class-embattled communities. MSEP was not
able to accomplish this within the time constraints of the Charlotte funded period. Because Atlanta is home to a
variety of grassroots programs such as Quality Education as a Civil Right, the Young Peoples Project, and
Communities In Schools, a forum is needed for connecting the these organizations, integrating the voices of
parents and students, and focusing on the problems related to the race gap in science education. I believe that
MSEP could provide this forum.

Despite MSEP’s considerable successes, the project team faced significant barriers in Charlotte. Before the
program can be conducted in Atlanta, two key questions must be answered.

A Scholarship of Service: How do researchers design studies that serve the communities being studied, attract
funding agencies, and contribute to the research community’s body of knowledge?

MSEP was designed, funded, and implemented as a quasi-experimental research program. The program
designated certain schools as treatment sites and purposely avoided and was often denied access to parents from
schools designated as control sites. During the program, parents involved in the community meetings were
asked to complete informed consent, pre-workshop assessments, post-workshop assessments, and session
evaluation. Some parents were invited to participate in follow-up interviews. While important to the research,
these protocols alienated parents and redoubled disconnects between the program and the community; the
community did not maintain a favorable image of the academy.

Research-driven collaborations and partnerships among universities, communities, and schools are necessary to
advance knowledge and educational opportunities for all. However, interpersonal and political issues related to
power dynamics, trust, and identity processes offer challenges within these collaborations. In Charlotte,
historical and contemporary educational inequalities related to race, social class, and the specifics of the political
economy were key aspects of the contexts. To be effective, a program such as MSEP has to serves the needs of
the academy and the larger community. Unfortunately, this is a difficult balance to find.

Confronting the Myth of Rugged Individualism: How do programs like MSEP facilitate the development of
community movements in an educational context based, largely, on the idea of rugged individualism?

MSEP rested on the belief that a collective of informed and engaged parents could affect the educational
trajectory of their individual children, specifically, and the larger educational community, in general. The
development of such a community movement challenges the accepted conventions of public education. In
today’s school system, individual families attempt to navigate the complex system of courses, standards,
academic tracks, and tests in isolation from other members of the community. This is particularly true of
families from poor communities and families of color. Schools systems legitimate the family’s adherence to this
notion of rugged individualism by creating limited opportunities for quality schooling experiences.
Consequently, parents voluntarily participate in unjust, inequitable, and oppressive systems of education
because (a) their privileged status ensures that they and their children are served by the school, (b) they are ill
informed of the opportunities to which they and their children do not currently have access, or (c) they believe
they have no other options.

In order for MSEP to be successful, it must confront the myth of rugged individualism. From the foundational
research for MSEP, we learned that White parents and parents from affluent communities utilize extensive
networks to secure quality educational experience for their children. Their actions challenge the idea of rugged
individualism. The success of MSEP depends on the ability of Black and poor families to exercise this same type
collective agency. Unfortunately, MSEP’s attempt to develop these networks was never successful in Charlotte. If
the program is to be implemented successfully in a new city, this problem must be addressed.
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Vexation

The importance of subject matter knowledge for teaching is not a new idea in education. Shulman (1987, 1986),
however, focused attention on the powerful blend of content and pedagogy as being the unique domain of
teachers when he coined the construct of pedagogical content knowledge (PCK). Shulman and his colleagues
(Grossman, 1990; Wilson, Shulman & Richert, 1988) acknowledged that teaching for understanding is a
complex cognitive activity that requires the transformation of knowledge from diverse areas, including subject
matter knowledge, pedagogical knowledge, and knowledge of context. PCK refers to a teachers’ unique
knowledge of how to create learning opportunities that make particular content more comprehensible to others.
While the construct of PCK appears to have waned in recent years, the International Journal of Science
Education published a special issue on developments and challenges in researching PCK in August 2008. In this
issue, Abell argues for the continued usefulness of PCK as a heuristic for a number of applications, such as the
development of teacher preparation programs.

The perennial issue at the elementary level is that teachers are prepared as generalists and typically have limited
knowledge of science subject matter. To make matters worse, the scope and sequence of elementary science
curricula include life, earth and physical science content at each grade level. When secondary science teachers
are required to teach outside of their areas of specialization there are often concerns about quality and
effectiveness. Yet elementary teachers with the most limited science subject matter knowledge are expected to
teach a wide range of content effectively.

Recently released research and policy documents outline ambitious new guidelines for proficiency in science for
K-8 learners (NRC, 2007), further raising the bar for elementary teachers. In particular, these documents
emphasize the role of scientific discourse and practices in science learning. Prospective elementary teachers
consistently report that they have not engaged with science or science learning in this way. Yet we expect them to
teach in ways that more authentically represent the practices of the scientific community.

It has been suggested that teacher educators will never be able to assist preservice elementary teachers in
constructing all of the subject matter knowledge for teaching that they will need to begin their careers
(Magnusson, Krajcik & Borko, 1999). A more reasonable target for teacher preparation, however, is to aid
preservice teachers in developing initial frameworks for supporting the ongoing development of their
pedagogical content knowledge (PCK), or “PCK readiness” (Darling-Hammond, Hammerness, Grossman, Rust,
& Shulman, 2005; Smithey, in preparation). My vexation, then, is how to support the development of well-
started beginners who will continue to progress in productive ways with respect to science teaching throughout
their careers. What are possible and appropriate expectations/outcomes for elementary teachers at various
stages of their careers, and what approaches have the most potential for achieving these short and long-term
outcomes?

Background & Context

Throughout my career I have attempted to understand the nature, mediating factors, and development of
prospective and early career elementary teachers’ specialized knowledge and practices for supporting children’s
meaningful science learning and scientific inquiry. I have the best of all possible worlds in terms of context
because I work with education students and practicing teachers simultaneously within a professional
development school (PDS) partnership. School leadership and practicing teachers in this setting espouse an
inquiry orientation. That is, they are actively engaged in systematically examining their practice, and they are
supportive of reform-based approaches to teaching.

The students with whom I work are no different than the prospective elementary teachers reported in the
literature. They are mostly female, ~20 years of age, largely middle class, and have limited science subject
matter knowledge. They participate in an undergraduate teacher education program in which three science
courses and one science methods course are required. What makes them unusual is that they commit to a year-
long, field-based internship in the PDS in which they abandon the Penn State calendar and adopt that of the
local school district. Education students in this program are known as interns, and the practicing teachers who
host them are called mentors.

For the past eight years or so, my interests have focused specifically on teaching school science as argument
(Zembal-Saul, accepted). I have collaborated with mentor teachers in the PDS and examined what argument
construction looks like in elementary classrooms, with particular emphasis on how the teacher supports
children’s discourse associated with constructing scientific explanations from evidence. I use a design-based
research approach to ensure an intentional interplay between research and practice. More specifically, research
findings have informed the ongoing development of my science methods course, instructional strategies,
conceptual tools, and resources, such as video-based teaching cases.
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The progress mentor teacher collaborators and I have been able to make is both exciting and encouraging.
Through the complementary relationship between research and practice, I have learned where I can make
progress with PDS interns and have gained insight into the mechanisms that mediate change. For example, by
coupling particular science learning experiences and video-based cases of classroom science teaching, interns
rather quickly begin to recognize the centrality of explanations in science and the role that evidence plays in
constructing them (Zembal-Saul, 2005). This shift from engaging in mere activities to conducting investigations
in which data are collected and analyzed for the purpose of constructing arguments and explanations is often
accompanied by increased emphasis on the importance of science subject matter. Additionally, the shift to giving
priority to evidence and explanation is paralleled by new views of the teacher’s role in monitoring student
learning. For example, instead of walking from table to table asking how groups are doing (the guide on the
side), the teacher’s role becomes that of asking students to discuss the patterns that emerge in their data and
construct the claims that are supported by evidence. The initial science teaching of interns reveals tight
connections between their developing knowledge and their practices (Zembal-Saul, 2007). Instructional
approaches, such as mapping the arguments being constructed by students in terms of questions, claims and
evidence, are evident in interns’ teaching.

Still, when issues with science teaching are encountered, the culprit is almost always related to limitations in
knowledge of subject matter, of scientific practices, and of the nature of science. While we have been able to
make tremendous strides during the internship year with regard to developing PCK for science discourse and
practices, these limiting factors remain. On my worst days, my vexation becomes, what in the hell am I doing?! I
have the ideal context, dedicated collaborators, generous support and the best we can do still falls short of the
mark. Is this a problem without a solution — at least under the current configuration of the education system,
including higher education?

Venture

Recently (Spring 2008), the Pennsylvania Department of Education mandated new certification guidelines for
upper elementary and middle school teachers. Our established K-6 program for elementary teachers must
redefine itself around preK-4 and 4-8, while the secondary program (grades 7-12) remains untouched. This has
created much angst for my colleagues and I; however, it does present an interesting opportunity to reconsider
how upper elementary teachers are prepared. Given the overlap with middle grades, areas of specialization for
the 4-8 program have been proposed, including one in science. Rather than the minimum requirement of three
science courses for elementary education majors, the new guidelines provide for 30 credit hours of
specialization. Unless we target a specific science discipline, preservice teachers completing such a program are
likely to remain generalists of sorts — science generalists. Nevertheless, a glass half full perspective allows one to
imagine the possibilities, which are potentially improved in terms of the kinds of opportunities that we can craft
for preservice elementary teachers.

My intent is to use the construct of PCK as a heuristic for program development and the goal of PCK-readiness
as a realistic target. This suggests that we need to consider the following kinds of learning experiences as we
construct the 4-8 science program.

¢ Develop science content courses that aim to develop deep conceptual understanding of big ideas in science,
model effective science teaching, and engage preservice teachers in the discourse and practices of science.
*We have co-developed three such courses with STEM faculty and have received new funding to develop
three more.

e Capitalize on the PDS context to develop coherent field experiences that initially help future teachers
recognize important aspects of reform-oriented science teaching in action, and later evolve into supportive
settings to engage in teacher inquiry (action research) on science teaching.

* Create a 2-part science methods/pedagogy sequence that addresses new perspectives for proficiency in K-8
science and integrates contemporary research on children’s science learning.

e Use argumentation as a strand throughout program experiences to foreground aspects of the nature of
science and scientific discourse and practices.

* Sequence program experiences in such a way as to maximize the impact on teacher development.

* Craft a design-based, longitudinal research agenda that allows for the continual improvement of the
program.

Many questions remain. My hope, however, is to come away with a better understanding of how to take the best
of what we know from research and practice in science education and teacher education to craft a more robust
experience for preservice elementary teachers than is possible in a typical undergraduate teacher education
program.
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