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Abstract: This paper explores the importance of action research in the second year of learning to teach science in an alternative-route, teacher-preparation program. The program was designed for those changing careers from science-related professions to middle-grade science teaching. In addition to mentoring, these second-year teachers highlighted a year-long action research project as influential in stabilizing and refining their practice. Each teacher chose an action research project that addressed a challenge he or she experienced in teaching inquiry-based science. This paper shares work-in-progress that explores teacher identity development within an action research framework, and the impact on improving one’s teaching of science. Second-year changes are presented in relation to first-year successes and challenges. Excerpts from one teacher are detailed specific to cyclic dynamics, learning-to-teach benefits, and practice outcomes. 
This writing highlights the critical importance of action research during a second year of an alternative-route, teacher-preparation program. The Middle Grade Mathematics/Middle Grade Science (MGM/MGS) program is an alternative route that includes teacher certification and an optional master’s degree within a three-year induction and mentoring experience. While the first year highlighted teacher certification, it was during the second year that most MGM/MGS interns truly became the teachers we wanted them to be and they wanted to become. Specifically, it was through participation in a second-year action research project that many MGM/MGS teachers developed substantive practices. This paper is an introduction to what we are learning about teacher development through action research during the second year of an alternative route. 
In alternative programs, the second year is often omitted, and if present, it is usually minimized or left undefined. Rationales given for shortened teacher preparation are commonly political and economic. Teacher education has been working uphill against a culture of reductionism that minimizes teacher qualifications and maximizes budget cuts that gut teacher development [1]. These troubling trends are antithetical to action research and the ongoing development of practicing teachers. They position alternative teacher preparation and action research as polar opposites. Yet, it is this combination of an alternative route with action research that is explored here, and it is done within a teacher identity development rationale.
Teacher identity refers to a philosophy and practice that characterize what a teacher believes, thinks, values and does. It includes how well teachers know their subject, the nature of the relationship they form with their students, and the quality of teaching they exhibit in their classrooms. Teacher identify also refers to an alignment between one’s philosophy and practice, and the dynamics involved in the ongoing negotiation of that alignment. The development of teacher identity begins long before one enters teacher education and continues, hopefully in a vibrant way, throughout one’s professional life. Factors that influence teacher identity development include biography, social contexts, and professional experiences. This framing of professional identity assumes a mutually influential and an inseparable relationship between philosophy and practice. It is the emphasis on an early and sustained relationship that is the basis for highlighting action research in the second year of an alternative route. 
In this paper I argue that action research in the second year of an alternative teacher preparation program was a powerful means for beginning teachers to stabilize and deepen their developing practice in relation to their emerging philosophy. Evidence to support this claim comes from a long-term qualitative study of the development of beginning MGS teachers’ practice during their first two years of teaching. This paper presents the teacher identity development of one science teacher chosen because of her success in the MGS program. It is a study of how this teacher used action research in her second year to make important advancements that aligned her practice with her philosophy. The dissonance this teacher experienced from the gap between them moved her to seek alignment. The action research created offered opportunities for her to channel that dissonance into fostering coherence in her identity as a science teacher. 
To begin, I present an overview of the MGM/MGS program. That is followed by a detailed look at the first year of the program and the second year using action research. 
The MGM/MGS Program
Every student, regardless of what school he or she attends, deserves a high-quality education in science and mathematics. A high-quality education means that teachers are well-versed in science or mathematics, and emphasize concepts and their relationships. It also means that content-rich lessons include an inquiry or problem-solving approach that builds on prior knowledge and works toward the construction of new understandings. In addition, a high-quality education is infused with instruction and assessment opportunities that integrate diverse literacies and use multiple technologies to advance student learning. Knowing that all students, particularly those in high poverty communities, are not getting the high-quality education they deserve, the MGM/MGS program at the University of Illinois at Chicago (UIC) worked with the Chicago Mathematics and Science Initiative (CMSI) of Chicago Public Schools (CPS) to remedy this injustice.
The MGM/MGS program is a university-school (UIC-CPS) partnership designed to integrate educational theories with classroom practice based on current research and in accordance with national standards. It is a three-year induction and mentoring experience to prepare professionals from mathematics and science-related fields, such as engineering or bench researchers, to teach mathematics and science in the middle grades. Teacher candidates progress through the program in cohorts of 12-15. In 2001, the program piloted an MGM cohort, and accepted seven MGM/MGS cohorts in all for a total of 107 teachers. These teachers committed to teaching middle grade mathematics and/or science for a minimum of three years in a high-need school in Chicago. 

The first 15-month phase included four phases: a) spring field experiences and evening coursework; b) a first summer of intensive certification coursework; c) fall and spring semesters of fulltime student teaching in one’s own classroom, and evening coursework; and d) a second summer of certification coursework and exams. Besides teaching, the second year involved finishing optional graduate degree coursework and a year-long action research project. The third year of teaching was paired with a year-long curriculum or a professional development leadership project. Reflective seminars continued across all three years.

On-site mentoring also occurred across all three years. In the first year, a university mentor visited each teacher once a week, and a faculty member observed a lesson twice a month. In the second and third years, a university mentor visited every other week and lessons were formally observed three times a year. The school district provided one on-site mentor per first-year teacher, and one coach for every five second-year teachers.
Teacher Identity Development and The MGS Program
Teacher identity speaks to a stable, yet dynamic, way of being, knowing and doing that a teacher exhibits over time. It is no surprise that schooling experiences of all kinds influence teacher identity. Some argue that early schooling experiences, or an “apprenticeship of observation,” play a large, possibly overpowering role in defining who one becomes as a teacher [2]. Teacher preparation at a university has a respected reputation for fostering a broad and rich educational philosophy in teacher candidates, but the chronic gap between theory and practice remains its Achilles heal [3]. While induction programs and on-site mentoring have made inroads into addressing this gap, the logistics and economics of these programs made additional avenues a necessity. 

The MGS program attempted to foster teacher identity development through multiple means throughout the program. Five ways are highlighted here. First, we provided content-specific, on-site mentoring across the three-year induction. Mentors were former science teachers, most from middle schools, who engaged in content-specific exchanges with beginning teachers about their planning, teaching and assessing. Second, we offered a preparation program of content-infused coursework that highlights middle school. For example, literacy in the content areas became a course on literacy in middle grade science. A curriculum course emphasized science curriculum, including nationally-funded curriculum materials. Third, we celebrated the science backgrounds the teacher candidates brought with them to the program. MGS teachers were encouraged to draw upon those backgrounds in planning lessons. For instance, in their first summer they learned to write week-long curriculum units highlighting an aspect from their previous science careers. If they worked in a lab testing food, for example, they selected concepts and practices from that experience that are appropriate for middle school. A fourth way was through a cohort model that brought together teacher candidates with similar content backgrounds who were undergoing similar career transitions and were undertaking similar teaching positions. The cohort magnified the emphasis on teacher identity.
The fifth, and final, way MGS fostered teacher identity made use of the heightened experiential opportunities offered in an alternative program. This occurred in two distinct ways. The first focused explicitly on attempting to bridge the theory-practice gap. Wherever possible, a parallel learning process was developed. While learning to teach in their own classrooms, MGS teachers were trying out ideas they were learning at the university. When learning about conceptual change, for instance, MGS teachers not only examined the Matter and Molecules unit created by Michigan State University to see how this notion translated to curriculum. They also taught the unit in their classrooms with mentor assistance. The other deliberate attempt was to maximize experiential opportunities in connection with teacher socialization in struggling urban schools. 
Opportunities to interact with students made CPS classrooms the most influential site of identity development for MGS teachers in the first year of the program. Students are among the most influential socializing factors of early teacher identity development. Teachers report that making connections with students is “more difficult when they do not share characteristics such as race, ethnicity and language” [4]. In the MGS program, teacher interns were learning to teach while simultaneously learning to negotiate relationships with urban youth. The two occurring together makes learning-to-teach experiences shape and be shaped in connection to students and the realities of urban classrooms. Proweller and Mitchener found that MGS teachers responded to this challenge by building a teacher identity with urban youth by “creating a culture around science instruction driven by imaging ‘what can be,’ essentially a vision for a quality and inclusive science” [5]. The two primary ways that MGS teachers promoted a culture of inclusion through their instruction were a) creating within their classrooms identity options as valued contributors and capable science learners, and b) developing a curriculum-in-context of self, community and society that fostered personal growth and promoted responsible citizenship. 

The first year of the MGS program was invaluable in crafting a teacher identity as a science educator in response to the needs and interests of urban youth [5]. But this first year of the MGS program was also insufficient in developing teacher practice. One year only of teacher development resulted in a fragmented practice separate from a compartmentalized philosophy. The steepness of the learning curve in this first year was daunting. Unrelenting demands from school and the university, combined with career-change dynamics, exhausted beginning MGS teachers. Together these factors limited the stability and depth of practice developed and its connection to theory and research. For some, it meant they failed to keep pace and did not become teachers. Others succeeded, but it still limited what they learned under extraordinary pressure. This was true for even the best MGS recruits and beginning MGS teachers. It was apparent that everybody needed a second year and action research to improve their practice in light of emerging understandings. Through action research, teacher identity work continued into and throughout year two. 
Action Research in the Second Year
In the second year, action research was the primary site of identity development for the MGS teachers. Action research refers to teachers conducting a methodical, self-reflective inquiry aimed at improving an aspect of their teaching using a variety of means [6]. Feldman and Capobianco highlight three primary uses of action research in science education: in science teacher education to improve practice, in exploration of how students learn science to improve practice, and in study of curriculum development and implementation to improve practice [7]. Action research during the second year of teaching is specifically intended to stabilize and deepen the practice of a beginning teacher, and to bridge a connection to theory and research.
MGS teachers were asked to focus on scientific inquiry. In preparation, the fall semester began with several readings on the teaching and learning of scientific inquiry. Duschl’s focus on the assessment of inquiry using an evidence-to-explanation (EE) continuum became an organizing framework across action research projects [8]. In the EE continuum, Duschl identifies three decision points for teachers to use in assessing whether students are making the necessary critical transformations to learn scientific inquiry. These decision points for assessment are a) data to evidence; b) evidence into patterns and models, and c) patterns and models into explanations. MGS teachers explored action research topics in relation to this continuum and in light of previous student work.
Using a problem-solving framework, MGS teachers identified something that could be improved about how they taught scientific inquiry. They were accustomed to using a problem-solving framework, having done it in the previous year. Each teacher had to analyze a video of his or her teaching that highlighted an area needing improvement with a plan for its development. MGS teachers also identified a problematic area of curriculum that they had taught in their first year, and they developed a revised curriculum plan over the summer with improvements. 


In addition, their action research designs had to recognize a reciprocal relationship between teacher and student learning. Action research involves developing a personalized line of inquiry in one’s classroom directed at improving one’s teaching. Teacher learning acts as a guiding force in designing action research and directing its implementation. The ultimate purpose, however, of teaching is fostering student learning. Therefore, in doing action research, the design must recognize student and teacher learning in a reciprocal relationship, and data must be collected simultaneously on changes in each.
The guidelines used for doing action research were the six steps proposed by Capobianco and science teacher colleagues [9]. They are: “identify a starting point, develop a plan of action, collect data, analyze and interpret, reflect, and disseminate” [9].  During the fall, each teacher identified a problem as a starting point and developed an action research proposal that included a data collection plan. In the spring, the plan was implemented, and data were collected and analyzed, and the results were shared. The following fall, the final reports were bound together and distributed. Given the extended time frame, an MGS action research project consisted of several cycles. Each cycle involved a rethinking of a previous attempt or the adoption of a new one.  In either case, a new plan was implemented. 

The entire action research process was dependent upon an ongoing process of reflection. Action research seminars became a forum for encouraging reflection, and for sharing. They were held every other week throughout the year. After discussing an assigned reading, two teachers would present their progress work to date. Rather than a show and tell, the purpose was to elicit input on a perplexing issue from fellow cohort members. Having seminars over an extended period of time gave each teacher multiple opportunities to get feedback. In addition, teachers submitted written updates on their progress for each seminar and received written feedback from the seminar leader.

Still, evidence is needed to substantiate the claim that action research during the second year is a needed and critical component in the development of a beginning teacher’s practice, particularly in an alternative route. The next section presents a study designed to gather this evidence on action research in the second year.
The Study

Within a qualitative tradition, an investigation was carried out to learn more from MGS teachers about how doing action research in the second year improved their science teaching. The idea was to listen to teachers and learn from them about how action research made a difference in what and how they taught, and ultimately in their understanding of the teaching and learning of scientific inquiry. Four questions guided this study: a) What impact does action research in the second year of an alternative program have on improving the practice of middle grade science teachers? b) What changes do teachers make in their teaching as a result of their participation in action research? c) What changes are specific to the practice of scientific inquiry? And d) How do changes in the second year of teaching compare to those in the first year? 
This particular writing is intended only as an introduction to a larger body of research that investigates multiple factors that influence the development of practice. The selection of the study presented here deals only with the relationship between action research and the second year. 
It is important now to clarify what areas, while important, will not be explicitly addressed in this writing. There are at least four topics that will not be addressed here. First, while these teachers have switched professions, the career-change dynamics of making this move from a science-related profession to science teaching are not explored here. Second, other second-year program features, such as mentoring and the cohort dynamics, also played important roles in fostering improvements in teacher practice, but they are not developed here. Third, the impact of socioeconomic and racial inequities on offering a high quality education to urban youth is not explored here in any significant way. And finally, student learning outcomes speak to changes in teacher learning; they are not intended to serve as primary evidence of improved practice.
Study Participant
In the larger study, the relationship between action research and the second year included most MGS teachers. For this paper, excerpts offer a closer look at one MGS teacher. Below is a profile of all MGS teachers, followed by specifics about Gail.
Thirty-six teachers had been accepted into the MGS program. The average age of these teachers was mid-30s. The racial make-up was 50% Caucasian, 25% African American, 13% Latino, and 12% Asian. Biology majors made up 50% of their undergraduate degrees, with the remaining percentages spread across majors such as chemistry, physics, geology, nursing and engineering. They came from a variety of occupations: some worked in science labs (corporate and university), some taught science in university extension or museum settings, and some were in engineering or in health professions. Over half had graduate degrees in science or another field.
Gail is a Caucasian female in her 40s with a Ph.D. in biology. Her interests include ecology, environmental science, and sustainable development. Prior to coming to MGS, she worked in two science capacities. She lived in Africa educating local biologists about water quality and designing water treatment facilities. Upon her return, she worked as a university extension faculty member on science projects. She also taught biology at the university and served on doctoral committees. 
Gail was selected because she was among the most qualified recruits. By selecting such a successful example, two optimum situations are explored: 1) a solid practice developed during the first year of an alternative route, while teaching middle grade science in a high-need school, and 2) a highly valued use of action research during the second year to improve and solidify one’s practice, as informed by personal teaching goals and program principles.

School Placement
This section offers an overview of the types of schools in CPS used as MGS placements, followed by specifics of Gail’s school. MGS teachers were placed mostly on the west and south sides of Chicago. The majority of schools in these areas have a 90% or greater student poverty rate. These schools historically have difficulty hiring and retaining content-endorsed teachers in the middle grades. Many of these schools consist of a single ethnic background. Most MGS schools have African-American students. Mexican American and Puerto Rican students make up the second largest group. Only a few schools have truly integrated student populations.
Gail is at Eastwood School on the west side of Chicago.  It has a 76.6 % Latino student population, and most of the remaining students are African American. The student poverty level is 96%, which is typical of schools like Eastwood near Humboldt Park. Gail teaches six sections of seventh and eighth grade science, with 30-33 students per class.
Data Collection

Data collection has been ongoing since 2001, when planning began for the first MGS cohort. For this paper, data are from 2003-05, when Gail was a first- and second-year teacher at Eastwood School. Data collection involved three sources: 1) teacher writing, which included journaling, seminar updates, action research proposals and final reports; 2) teacher interviews during the fall and spring of each year, and 3) classroom observations by faculty and mentors. Most data were transformed into computer files through tape transcription and scanning hand-written notes.
Data Analysis

Data computer files were read and coded for first-round themes that covered the development of practice across the three years as influenced by multiple factors.  A second reading took place to arrive at round-two themes that were specifically to the construction of a practice in the second year. A third reading isolated those factors specific to action research, and these refined distinctions became round-three themes.  From round-three themes specific data was noted as meaningful to the inquiry and identified as evidence. This led to rereading a number of original files to ensure that these selected excerpts were understood in light of their original intent and within the context of their origin. At this point, a last reading was done with a focus on individual teacher development over time to identify round-three themes. Some of these themes are evident in excerpts from the work of one teacher, Gail.
Excerpts from an Action Research Project in the Second Year
To begin action research, Gail revisited her original reason for wanting to teach:

Helping to forge a link between scientific inquiry and our everyday lives is the topic I have chosen for my action research project because that is where I believe I have the most to contribute to my students.  I hope to help them become well-informed, thoughtful and inquisitive young adults, and to use rigorous scientific inquiry in their everyday lives.

This emphasis on connecting science to everyday living was how Gail had used science used in her previous work experience. She deeply valued science as a way of knowing the world, and she wanted to help students do the same:
It is not as important to me that they have all of the theories, laws and facts figured out.  Instead, it is [science as] a way of knowing that I want my students to begin to internalize, and to feel comfortable using scientific inquiry to address questions and problems.
Yet this vision was not actualized into her practice in any significant degree during her first year of teaching. While not forgotten, it was overlooked while she concentrated on just keeping herself afloat:

It is by far the steepest learning curve I’ve ever been on….I’m really looking forward to not being a first-year teacher again. That’s my overwhelming feeling right now is that it’s got to be easier. It’s just incredible how much I’ve learned and done, and suffered through, this year.

Like fellow cohort members, Gail was exhausted during this first year to a degree that she had not anticipated. She was struck by how challenging teaching actually was. They all were. She had taught college and anticipated that teaching younger students would be a lot harder. Still, this first year was even more difficult than she had imagined. 
There is an inherent amount of stress in an alternative program, given its immersion feature. This source of stress did not surprise Gail. While it may have lasted longer than expected, she anticipated it. Gail continued to strongly believe in her choice to enter teaching through an alternative program. She felt that she was at a point in her life and career that made a traditional teacher education program inappropriate. As she puts it, “It was an alternative program or not becoming a teacher.” 

What was unanticipated early on by Gail was a disconnect between learning to teach and her familiar style of learning. The latter was a logical approach:
I’m a very logical person….And so I have to understand how you can get from A to B, from B to C…but we can take some detours and go to B then back to A, then overshoot back to C.

While it served Gail well many times in the past, to the point of even becoming a valued part of her identity, it was failing her now. Before Gail could put A, B and C in some logical order, she had to identify each one and to whom each applied. What identifiers best fit these letters? Was she trying to identify elements of scientific thinking, student learning or lesson design? Did A, B, and C apply to each of her 160 students, or each of her six classes? Was she referring to ability groups or students as a whole? And what happens if the answer to each of these questions is yes? How should she proceed? Should each strand be related? Gail was learning that a logical approach to learning to teach had limitations.
Gail was also surprised this first year to learn how unprepared her students were to participate in inquiry lessons. While she was immediately taken by an inquiry approach, her students needed convincing:

Because this is the first time that students have been exposed to this style of teaching, there has definitely been a learning curve for both the students and me.  I began the year with the FOSS Variables unit. Many of my students lose interest in the activities after the first day. They do not realize that most of the science is involved in what happens after the first day. For example, my students were very enthused about building the airplanes, but significantly less excited about changing something about the plane and examining the effect on the outcome.   

She was struck by how much groundwork she needed to lay in helping students think scientifically and participate actively and responsibly in extended inquiry activities. Thus, more of her energy than she had anticipated in this first year went to developing a culture to support this type of learning. 
Throughout the year, Gail could not shake feelings of deep exhaustion. During the year, she faced a medical problem and had to have surgery. She also had to care for her aging mother, and a long-time pet got sick and died. These life issues and increased professional demands were compounded by her being a graduate student once again and taking night classes twice a week with assigned readings and papers. All of these factors resulted in less exercise and some weight gain.
Still, Gail negotiated this exhausting first year with persistence and skill. Her lesson preparation and teaching were praised by MGS faculty and CPS observers. On one occasion, a CPS instructional officer toured her school with a district team of evaluators. Having observed the beginning of her lesson before moving on, the group returned later to see how the lesson ended. The administrator told her they were interested in her teaching and the science. 
Gail also maintained attentiveness to her students by listening to their responses and treating their contributions respectfully. While she shared little in common culturally with her students, a largely bilingual Latino population living near Humboldt Park, she respected them. Beyond respecting them as people, she treated them as capable learners. This respect was evident in her relationships with students. Even with students who had difficulty controlling their behavior in class, their exchanges were respectful and focused on the importance of taking advantage of learning opportunities.
For certain, Gail was a successful first-year MGS teacher. Still, she felt she had barely begun to implement her philosophy of teaching science when this first year came to an end.
There were critical areas of teaching that she had yet to explore in any significant way. Gail had yet to develop an overall sense of a curriculum plan, for example, and how her lessons fit into a year-long curriculum design. In addition, she regretted having done little with assessment beyond accumulating scores in her grade book. Reflecting back, she felt her development over the year had been lopsided in favor of teaching, and surprisingly detached from student learning. This distinction was more evident to Gail when she was asked in the MGS program to analyze her teaching based on artifacts of student work:

Assessment was sometimes the last thing I thought about, when I believe it ought to be part of what drives a lesson…. I think that’s what it’s all about.  It’s whether the kids are learning…. Has it manifested through the kids?
While she always stated that student learning needs to be the driving force of teaching, she ended her first year having barely begun to explore the implications of this belief. She had yet to develop a practice that was in concert with her educational philosophy.
Implementation
The implementation of Gail’s action research over her second teaching year occurred in a series of cycles. An overview of Gail’s action research in these cycles is introduced here. Gail’s action research project began with an inquiry…

… how I could foster a classroom environment and culture that encourages my students to 1) make connections between what they learn in science and the issues that are relevant to their own lives, and 2) appreciate scientific inquiry as a way of knowing, and not just a series of facts, theories or hypotheses?

Cycle 1: Curriculum support
Gail’s first efforts at making science relevant in the lives of her students began with securing curriculum support. She explored published curricular projects, including one advised by the CMSI. She attended introductory workshops and agreed with the decision to use the Science and Life Issues (SALI) curriculum developed by the Lawrence Hall of Science. She liked how it resonated with her teaching philosophy:
I was very excited to receive this [SALI] curriculum.  I believed it would allow me to work toward my goal of making science more relevant to my 7th and 8th grade students.  Embedded throughout the lesson are activities, readings and questions that encourage students to reflect upon what they have learned and to extend this knowledge to situations outside of school.

In particular, she thought SALI did “a very good job of teaching students scientific inquiry in the context of life issues.”  It was also the attention the curriculum gave to assessment that she thought would be particularly helpful:

With the assessments that are included in SALI, I’ll be able to give more thought to what I want the students to learn, and I’ll be able to share these expectations with students more explicitly and concretely. The assessments that come with the curriculum emphasize not just understanding concepts but also designing experiments.
Having a published curriculum meant that she could stop “reinventing the wheel.”  It was also reassuring to Gail that SALI was developed using a research process.

In teaching her first SALI unit, Gail noticed an increase in student talk.  She noted that more students were raising their hands and volunteering responses to her questions. Yet, it was the nature of these responses that concerned her. They were largely short answers, recall responses, with little dialogue between students.

Cycle 2: Curriculum fidelity 
Gail reflected on her use of the SALI curriculum. She examined whether she was using it as designed, and how she might be contributing to the minimal outcomes she observed:
Most of the lessons in the SALI curriculum include a reflection question or an Extension activity in which students are to reflect on how the lesson relates to either larger issues or a related issue. I have not placed particular emphasis on these questions in the first unit, but we are about to begin the second unit and I plan to give these questions more attention.  

With the next unit, Gail made an explicit effort to make use of these reflection and extension opportunities. She saw them as vehicles for extending student discussion and written response. After a number of mixed attempts, she grew frustrated:

Despite the emphasis SALI places on issues related to our bodies and our health, and despite the explicit opportunities for students to reflect upon the lessons and consider their meaning for their own lives, I was still not hearing or seeing the evidence that suggested to me that students were truly internalizing science as a way of understanding or framing issues that have personal meaning for them.  I was not hearing the kinds of questions, observations or class discussions that would have signaled that students were making “transformations across the evidence-explanation (EE) continuum.” I was also still getting very few responses to written assignments—only 15-20% of students were turning in these reflection responses, and most of those that were gave superficial responses.  

Gail described student talk as “superficial responses” that lacked the depth of connection that she was seeking. She wanted a deep learning of science as relevant to one’s life, and not a generic application of something read or a topic mentioned.

Cycle 3: Listening to students
Gail still valued the published curriculum, but she shifted her investigation away from its use: 

It became clear to me that I needed to find other ways to encourage students to internalize science as a way of knowing, and to realize that science is useful to them in making sense of issues that face them, their family and their friends.

In our action research seminar at the university, Gail shared that when deep learning connections are made in class, she recognizes them immediately. This led to a discussion about the need to learn more about those instances. This led Gail to reworking her action research. She began studying those instances when students demonstrated the type of learning she was seeking. She recorded dialogue, and what happened before and after the dialogue. After two weeks of recording exchanges and analyzing occurrences, Gail was ready to begin a fourth round of action research.
Cycle 4: Letting learning lead
In this last cycle, Gail repositioned the published curriculum as a foundation but in the context of her personalized touch. This personalized touch included teacher modeling of how science was relevant in her life. She wanted to show students in explicit ways her learning of science and its value to her as a person and professional. It also included deliberately drawing out student learning through extended discussion opportunities at the beginning and end of lessons, and giving herself permission to take advantage of student exchanges as they arise. The excerpt below offers a glimpse into how Gail was learning to draw out students to engage them and create opportunities for deep learning: 
…we were studying a unit on heart disease, and I said, “Show of hands.  How many of you have known someone who’s had heart disease?”  And virtually all hands go up.  And I go around the room: “Who is it?”  “My grandmother,” “Oh, my grandfather,” “Oh, my auntie,” “Oh, my grandmother.”  And one girl says at the end, just spontaneously: “Wow, it seems like it’s all of our grannies who are getting heart disease.”  So she’s recognizing that it’s an age thing.  She saw that pattern.  And later on, we got into questions about why that’s the case, so I didn’t immediately follow that one up because I knew it was coming later, but I referred back.  “Remember you made this observation.  Let’s explore why.”

With time, Gail began to see notable differences in student oral and written responses. Student discussion started to become a main staple of her class with more and more meaningful exchanges taking place between students. She offered numerous examples, such as when one student asked another for evidence that you can actually get chicken pox more than once. In another instance, one student asked another for evidence about her exposure to a certain disease, questioning whether she might be a carrier of that disease even though she showed no symptoms. When students had to research a disease of their choice, the homework return rate jumped to 80%, which was the highest to date.

Gail ended her second year of teaching feeling that her practice had become centered on student learning. She was now able to see how curriculum and assessment, in addition to instructional strategies, worked in service of meaningful learning. In closing, Gail offered a revised characterization of teaching: 

It [teaching] can look more like a web at the end than any sort of path that follows some specific direction. I mean there is still an ultimate goal.  I still know where I’m trying to go, but it could take a variety of paths to get there…This second year has been a time to work on some of the facets of teaching that I simply could not address in the first year, like trying to make the curriculum more relevant, and trying to make my assessments more meaningful.

It was now at the end of her second year that Gail shared, “At some point it just really felt like I was on to something.” And that something was student learning.

Discussion/Conclusion

While successful in her first year, there was still more Gail wanted to do. Much of her first year revolved around resolving the dissonance she felt between what her “apprenticeship of observation” as a student in school led her to believe about teaching, in contrast to what she was experiencing now while learning to teach. It resulted in her not yet having realized her reasons for wanting to teach science through her practice. While she had succeeded in implementing strategies, her practice was not yet sufficiently grounded in what Gail considered essential elements of good science teaching. She was ending her first year having yet to manifest her thoughts and beliefs about teaching science through the learning of her students.

Gail had insights into what she wanted to happen in her second year of teaching that did not occur in the first year. Still, it was these insights working in concert with a year-long action research project that created a needed bridge between being part of her belief system and being observable in her classroom practice. It was in the second year through her action research project that Gail positioned her practice within student learning. She worked on developing curriculum coherence and assessment integration. Gail also began to operationalize her philosophy of teaching science through her practice. Using explicit teacher modeling and extended student discussion, she facilitated student learning toward her ultimate goal of helping students value the everyday relevance of science to their lives. In her second year, Gail stabilized her practice in ways she hoped to continue in the future. Reflective seminars offered Gail a much-needed structure for pursuing this extended change process, and her teacher cohort served as a vital forum for discussing her progress and offering her support. 

Given the content-richness, career applications, and life maturity that many MGS teachers brought to science teaching, the MGS program is dedicated to preparing these teachers for the long-term, and not stopping their preparation in its infancy. At present, the MGS program is a three-year induction and mentoring experience. While research is just beginning to assess the value of the third year, this study adds to an ever clearer picture of the critical importance of not only supporting career-change teachers in their second year of an alternative route, but it also speaks to the importance of the type of support they receive. While research long ago highlighted induction and mentoring as critical in a second year, this study examines action research in the second year and how MGS teachers identified action research as being very important to the long-term development of their practice. 

This MGS study found action research as invaluable in the second year in stabilizing, extending and sometimes reworking earlier developments in the teaching of science, and more specifically in teaching scientific inquiry. It is the combination of action research and a second-year program structure that together provide the needed scaffolding and support to make meaningful changes in teacher practice. Together these elements helped MGS teachers in following their own personal line of professional inquiry within their classrooms. In addition, it is the fact that advanced practice development and teacher satisfaction occur mainly at the school site that makes the impact of these changes potentially more meaningful and longer lasting. 
In turn, this study raises questions about the wisdom of one-year alternative-route, teacher-preparation programs, and whether or not they are insufficient, and likely indefensible, as a high-quality teacher education. 
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