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Large urban districts face persistent challenges with middle and high school science teacher shortages—alternative certification offers a potential solution. One model already in place is the district-based “Intern” program—individuals with STEM degrees teach full-time while completing university coursework for teacher certification. This paper, drawn from a larger study of novice science teacher learning, utilizes a subset of data collected through in-depth observation of three Intern participants from one urban West Coast district, examining resources available for instructional support. Considerable variation in conventional (e.g., curriculum materials) and social (e.g., colleagues, learning opportunities) resources existed across teachers. Moreover, the personal resources novices brought to their work played a mediating role in how other resources—those available in certification courses, professional development program, and their schools—influenced their curriculum goals. Context-specific support, keyed to subject matter and students, was especially instrumental for sustaining ambitious science content goals. Based on these findings, alternative certification programs would benefit from examining how resources—inside and outside programs—shape teacher learning.

Urban Districts, Teacher Shortages, and Alternative Certification:

Large urban school districts face persistent challenges recruiting and retaining “highly qualified” middle and high school science teachers [1]. Ninety-eight percent of the largest urban districts surveyed in 2000 reported an immediate need for science teachers [2]. Teacher recruitment and retention studies attribute the problem primarily to distribution, rather than blanket shortages, of science teachers [3]. Historically, districts have staffed these positions with teachers who have little or no knowledge of the science content they are expected to teach, let alone how to effectively help students learn science [4]


The situation has serious implications for equity in science education [4]. Big-city districts educate the largest portion of African-American students, Hispanic students, poor students, students assigned to Special Education classes, and English language learners [5]. These same groups of students, on average, are also more likely to perform poorly on national tests of science achievement [6]. These are, in fact, the very students who most need, and are entitled to, qualified science teachers—educators who are knowledgeable about science and how to teach science to diverse learners.


Efforts to recruit quality science teachers to urban districts have intensified and take many forms, including incentives, specialized teacher education programs, and alternative certification routes [7] [8]. Each solution reflects its own version of “quality”—for instance, subject matter knowledge, desire to teach urban learners, a commitment to teach in the district for a certain number of years, or some combination there of [8]. The focus of this paper is a particular alternative certification route prominent in urban districts in California—the Intern Program, a means for attracting individuals with science degrees to teach in hard-to-staff schools. 


Studies of alternative certification to date have focused primarily on profiles of programs and participants (c.f., Profile of Alternate Route Teachers [9]) or comparisons between traditionally-prepared and alternative-route teachers (see Darling-Hammond and Youngs for a review of these studies [10]). Given the variability of programs, contexts, and participants, Humphrey and Weschler (as well as Darling-Hammond and Youngs) suggest a “better unit of analysis would be a subgroup of individuals with similar backgrounds, school placements, and learning opportunities” (p. 1) [11]. I offer that type of analysis in this paper—a case study of Intern science teachers in Bayline
, a large, urban district in California. However, as we will see, even within this one district and alternative certification program, considerable variability existed across teachers, their school contexts, and their learning opportunities. 


Teacher recruitment/retention rates, program satisfaction, and student gain scores are typical outcomes used in studies of alternative certification [10]. Researchers address teacher learning less often. When learning is included, measures often rely solely on teacher self-report; few include teacher interviews and observations—Humphrey and Weschler’s study is a notable exception [11]. Moreover, studies of science teachers, specifically, are uncommon.
 Yet, alternative route programs generally target shortage areas in science, especially in urban districts. Given the data mentioned earlier about student science performance in these districts, more attention to teacher learning and to science teachers in alternative certification programs is warranted. Science education scholars are just beginning to understand what teachers need to know and be able to do in order to serve all students equitable; as well as and the professional learning opportunities teachers need to develop the knowledge and skill necessary [12] [13].


The purpose of this paper, then, is to analyze what three early-career science teachers in Bayline learned about teaching science to diverse learners as they participated in the Intern program. After briefly explaining the conceptual framework and methodology used, I describe the teacher’s curricular aims. I then examine how three types of resources available to the teachers—conventional, social, and personal—shaped teachers’ goals for their students. I conclude the paper with implications for programs and policies intended to support alternative-route teachers. 

Conceptual Framework: Resources and Learning to Teach

It is impossible for any single study to examine teacher development, in total. Early-career teachers have multiple, simultaneous demand. Planning instruction, becoming familiar with school policies and procedures, understanding curricular requirements, and knowing students are just a few of the “central tasks” Feiman-Nemser nominates [14]. For this analysis, I selected one small, but extremely important, piece of instructional planning to examine—the science content goals teachers set for their students. 

Studies of urban education and urban science education, in particular, argue teacher expectations for students are a critical link to the kind of opportunities students have to learn science [15] [16]. One of the major criticisms of urban science education are low expectations for students [16] [17].  National reform initiatives insist all students deserve opportunities to learn rich scientific content that goes well beyond memorizing and reciting basic facts:
[S]cience requires that an individual integrate a complex structure of many types of knowledge, including the ideas of science, relationships between ideas, reasons for these relationships, ways to use these ideas to explain and predict other natural phenomenon, and ways to apply them to many events. (p. 4) [18]

Moreover, content is not limited only to the facts, principles, and theories usually associated with school science but broadened to “include specific capacities, understandings, and abilities in science” (p. 3) [18]. 


Ambitious outcomes like those just described, however, can strain the teacher-student relationship. Teachers have to win their students’ cooperation and, at the same time, demand hard work; work students might not seem willing to do [19]. New teachers—uncertain as they often are about what to expect from their students—may be particularly prone to “bargaining” down expectations. Nevertheless, if students are to have the rich educational experience science reforms envision, novices will have to learn how to hold ambitious goals and win their students cooperation at the same time. As we will see, the teachers in this study struggled with that balancing act, expecting more, or less, from their students in the process.


I examine how teachers developed their curriculum goals using a socio-cultural lens—indebted to Vygotsky—that views learning as both situated and mediated [20]. By situated, I mean learning takes place through individual participation in social institutions [21] [22] [23]. That is, individuals develop ways of doing (being) as they interact within organizations and communities in which they participate; a district, school, or credential program, for instance. The institutional tools and norms individuals encounter as part of their interactions shape—mediate—what they can do. At the same time, individuals shape the tools and norms by virtue of their participation [22] [24] [25]. In other words, mutual shaping occurs between individuals and social institutions. For example, at the beginning of the school year, teachers typically receive a set of student textbooks. However, not all teachers use the assigned textbook in the same way. Some ignore it; others use it sparingly, while still others cling to it slavishly.

Resources, then, are not only associated with institutions but with individuals. Cohen et al. describe three groups of influential resources: personal, conventional, and social [26]. Personal resources account for individual agency; they include a teacher’s knowledge, skill, and will. Conventional and social resources are structural. Conventional resources are the things we usually associate with schools—curriculum materials, credentials, time, class size, to name a few. Social resources (the authors also use the term environmental) come in two varieties: (1) people—colleagues, students, science educators, and other individuals who influence instruction, and (2) norms—expectations, implicit or explicit rules, and routines such as state guidance for instruction, patterns of collegial interaction, or models of professional development.


Consistent with socio-cultural approaches, Cohen et al. note it is not the resources alone that shape learning [26]. Of course, what resources teachers have access to matters; they cannot use what is not there. However, equally important, is how teachers use the resources they have. For instance, rich supplemental curriculum materials may not help teachers with limited time to explore them. Therefore, this study attends to both resources and their use as major influences on teacher development. 

Methodology: A Qualitative Case Study of an Urban School District


I drew the data for this paper from a qualitative case study of middle and high school science teacher development in Bayline School District (BSD).  Bayline enrolls about 70,000 students. African-Americans, Latinos, and Chinese-Americans comprise two-thirds of the student population. Approximately 30% of students are English Language Learners (ELL). A little over 60% of the students qualify for free or reduced lunch—a proxy for family economic need. There are about 15 middle schools and 20 high schools with a total of approximately 35,000 students (four are “alternative” high schools for students unsuccessful in other schools). About two-thirds of the middle schools and half of the high schools are classified “low-performing” with mandated participation in some form of intervention—or “sanctions”—administered through the state/district. 


The three teachers included in this paper were all participants in Bayline’s Intern Credential Program. The district hires Interns to fill positions in shortage areas; the Bayline Intern Director indicated middle and high school science, especially physics, are often difficult to staff. She estimated Interns fill approximately 10-40% of middle and high school science openings in any given year, depending on the school; low-achieving, high-poverty schools tend to employ greater numbers of science Interns. 


An Intern does not have a teaching certificate; s/he works towards the certificate while employed full-time as a classroom teacher (at a reduced salary). However, unlike some alternate routes to teaching, the Intern program has a set of requirements for admission that include subject matter competency (see Figure 1). Moreover, teachers must obtain their teaching credential within two years and be continuously enrolled in a credential program offered through one of the four partner colleges/universities in the area. All five of the teachers enrolled at Bayline State University—the tuition and fees were lower than at the three other institutions, all private schools. 


Figure 1  Minimum Qualifications for Admission to the Bayline Intern Program

Intern Teacher Participants


The Intern Director supplied a list of middle/high school science Interns in the district. However, she could not be certain of the list’s accuracy due to late hires, reassignments, etc. I invited all eight teachers to participate in the study by telephone or email. Three of the Interns agreed. I summarize these teachers’ characteristics in Table 1. Note that all of the participants have at least one year of experience. None of the first-year teachers I contacted volunteered for the study; those who did reply indicated they were too busy and overwhelmed to take on anything else.
  Note also that all of the teachers are younger than 30. According to the Intern Director, there were a few older Interns—“mid career” changers who did not volunteer. In addition, all the volunteers are Caucasian. The Director confirmed that although the majority of Interns were Caucasian, there were a few Interns of other races/ethnicity. Consequently, although these teachers can be considered “typical” Interns, they do not represent the full range of science Intern characteristics. One shortcoming of the study, then, is the limited ability to generalize to Intern science teachers across the district. 


Although teacher characteristics did not necessarily represent the full range of Bayline science Interns, the Intern Director did acknowledge that the teachers who volunteered represented the range of pathways into teaching and teaching situations for science teacher Interns within Bayline (see Table 1). Two teachers came to Bayline directly from college; another had a year or two of work experience first. Two are middle school teachers; one is a high school teacher. One teacher—Joe—taught special education students. The students they taught primarily represented three racial/ethnic groups—African-American, Asian/Pacific Islander, and Hispanic. Many of their students 

qualified for free/reduced lunch. All worked with populations considered “low performing” on state tests 
. 

Table 1

Teacher and School Characteristics

	
	Joe
	Mary
	Mark

	Gender
	Male
	Female
	Male

	
	
	
	

	Age
	29
	23
	23

	
	
	
	

	Race/Ethnicity
	Caucasian
	Caucasian
	Caucasian

	Prior Employment
	Waiter

Substitute teacher
	In college
	In college

	Intended credential
	Biology &

Special Education
	Multiple
	Physics

	Years Teaching Experience
	2


	1
	1

	School
	Adams Middle
	Meriwether Lewis Middle
	Frederick Douglass High

	
	
	
	

	School size
	800
	500
	1000

	
	
	
	

	School ethnicitya
	66

(Asian)
	46

(Hispanic)
	51

(Asian)

	Percent students qualifying for free/reduced lunch
	60
	75
	55

	School APIb
	7
	1
	3

	
	
	
	

	Teaching assignmentc
	Math 5/6 Science 5/6   Math 7/8 

Science 7/8  (Special Ed)
	Math 6 (2)

Science 6 (2)

Science 8 
	Science 9 (3)

Conceptual Physics 11/12 (2)

	
	
	
	

	Avg. class size (teacher, not school)
	7
	30
	30


aNumbers close to 100 on the Ethnicity Diversity Index indicate that a school has a fairly even distribution of students among the ethnic categories in California. Numbers closer to 0 indicate that students are predominately from a single ethnic group. The ethnicity in parenthesis is the largest ethnic group.
b The California Academic Performance Indicator (API) ranks schools according to test scores from 1 (the lowest score) to 10. 
c Number in parentheses indicates the number of section the teachers have of the course. 
Data Collection

I collected the data for this study between September 15, 2003 and August 15, 2004—from teachers, various new teacher and professional development programs in which teachers participated, and schools. Data collection included interviews, observations, questionnaires, and classroom/program artifacts. I describe the interviews used for this analysis in a bit more detail in Table 2. 

Table 2

Description of New Teacher Interviews

	Interview
	Time frame
	Purpose
	General Description
	Approximate Length


	Initial (I1)
	10/03–12/03
	Introduce teacher and support 
	Teachers describe their teaching preparation, teaching situation, support; and confidence/concerns
	50–60 minutes

	Check-in (I2)
	1/04–2/04
	Update information
	Teachers discuss their progress in teaching, support, and confidence/concerns
	15–20 minutes

	Resources (I3)
	2/04–3/1/04
	Map teacher learning goals and resources
	Teachers sort card with learning goals, identify knowledgeable others and immediate sources of support
	60–75 minutes

	Subject matter (I4) 
	3/1/04–4/1/04
	Identify teacher content goals, attitudes towards content, and instructional preferences
	Teachers discuss content, curriculum planning, strengths, and concerns. They also react to students’ responses on an open-ended task.
	40–45 minutes

	Year-end (I5) 
	5/10/04–5/20/04
	Identify helpful and not so helpful resources
	Teachers react to a resources timeline, discuss what they have learned, and their future plans.
	50–60 minutes

	Summer a(I6)
	6/10/04–6/30/03
	Map resources and learning from summer pd
	Teachers discuss their summer learning opportunities.
	30–45 minutes

	
	
	
	
	


Note. I audiotaped all interviews except for the summer interview.

  b Mark did not do a summer interview   c Joe moved to a private school and did not participate in fall two but did do an end of study interview


I also observed and recorded ethnographic field notes during two-four class sessions per teacher and a local videographer (or I) videotaped two–three class sessions per teacher. However, for this analysis, I draw only on teacher interviews and not on the observations/videotapes of teaching. It is important to point out, then, that this analysis focuses on teachers’ perceptions of their curriculum goals and makes no claims about the relationships between their perceived goals, classroom practices, and/or what students learned. The latter requires extensive and ongoing collection of teacher and student data only partially available for this study.
 Moreover, these are new teachers. The teachers often admitted that their practices fell short of their goals.  Nevertheless, teachers’ perceptions of their goals do provide a window into their curricular ambitions—the target towards which they directed their learning. As Bruner wrote (commenting on Edward Tolman’s work), “Learning is like mapmaking…to learn is to organize things in the light of their ability for achieving ends” (p. 18) [27]. 
As previously noted, I also collected information about programs and schools. In addition to the Intern Program, teachers participated in other new teacher and professional development programs. For instance, one teacher was a Teach for America Teacher (TFA). She also enrolled in a science teacher induction program sponsored by the Exploratorium Science Museum, an interactive science center in San Francisco. Other educational institutions and professional organizations offered teacher professional development, as well. The district also provided professional development for science teachers; both district-wide and within some individual schools. I gathered data about these programs in several ways: interviews, observations, and artifact collection. 


I conducted semi-structured interviews and informal discussions with program and school staff. I summarize the number of interviews in Table 4. During school visits, I wrote field notes about the school; what I observed and the conversations I overheard in the hallways, faculty rooms, and school office. Even though I was not able to interview all principals, I did spent sufficient time in each school to see the principal or assistant “in action” at least once. I also observed at least one “instance” from each new teacher support and professional development program in which new teachers participated, recording ethnographic field notes. I enumerate those observations in Table 4.  I collected numerous documents from educational institutions and programs throughout the year from novices and program staff. I also used web-based resources for the state, district, schools, and programs for additional information and materials; including public reports. I also regularly consulted the Bayline newspaper for stories about the district, schools, and teachers.

Analysis

As described earlier, I focused this analysis on teachers’ curriculum goals. I specifically attend to goals that address science content—outcomes related to scientific knowledge and practices. The teachers discussed other goals, as well; for instance, making science “interesting” or “fun.” I address those types of goals in another set of analyses—student engagement—not included here
. 

Table 3
Educational Institution/Program Interviews and Observations
	Institution/Program a
	Staff/support

provider interviews b
	Observations 

	District new teacher program (D)
	4
	(2) District support provider meetings

(1) Mentoring session

	Credential programs (CP)
	1c (2)
	(1) Credential advising session

	Exploratorium new teacher program (EP)
	5 (2)
	(1) Orientation session

(1) Observation of mentor teacher lesson

(4) Saturday workshops

(4) Days of Summer 2004 institute

	District science professional development programs (DS)
	1 (2)
	(1) After-school workshop

	Other programs (OP)
	(2)
	 (3) Sessions in teacher classrooms

(1) After-school session

	School administration


	2 (1)
	


Note. All interviews were with different individuals; the number of interviews equals the number of people interviewed.

a The initial(s) in parenthesis indicate the citation code used in the text.

b Interviews were semi-structured. Those in parenthesis were informal discussions with program staff before, during, and/or after observations.

c I did not conduct this interview. I used a transcribed interview from September 2000. 

There were three overarching (and connected) tasks in the data analysis: characterizing teachers’ curriculum goals, characterizing resources (personal, conventional, and social) and use, and looking for connections between the two. I will address each, respectively. For all tasks, the process was non- linear, iterative, and recursive [28]. I relied heavily on data reduction, display, and interpretive methods as described in Miles and Huberman [28]. For instance, when what I saw in the field did not confirm initial impressions from earlier interview data, I then went back to that data, and reconsidered my initial impressions in light of fieldwork. This often led me to other data sources, revising my impressions, and/or confirming my findings with participants. 

Characterizing curriculum goals

I drew the description of the teachers’ goals for their students primarily from two interviews: the subject matter interview in late spring 2004, the end of the year interview 2004. In the subject matter interview, teachers responded to a set of prompts that addressed learning outcomes: “What are your goals for your students in this class for this year? What do you hope they will learn? What is the most important thing that students can learn about science at this grade level?”. The end of the year interview asked teachers to identify what they had learned and what they might want to learn in the future. Some of those responses addressed curricular aims. 

I used an in vivo method to code transcripts (using Atlas TI) for two aspects considered important for improving student learning –“scientific knowledge” and “science as a discipline.” The former resulted in three different “levels” of cognitive demand—recognition, memorization (of facts, concepts, and principles), understanding and/or application. I then contrasted those categories with descriptions of curriculum goals from NSES (quoted earlier) and studies of science education reform that emphasize reasoning processes like modeling, pattern-making, and/or sense-making that go beyond memorization [18] [12] [29]. None of the teacher descriptions mapped neatly onto these curriculum reform visions. Nevertheless, I treated recognition and memorization—more closely aligned with science as a large set of facts and concepts—as less ambitious goals (“low” and “medium,” respectively) and understanding or application—associated with deeper reasoning—as more ambitious goals (“high”) for scientific knowledge.

I used a similar process to create qualitative categories for science as a discipline. The teachers descriptions yielded four in vivo categories—no mention of science as a discipline, science as specific method (the “scientific method”), science as a discrete set of skills (e.g., hypothesizing, analyzing, concluding), and science as a shared process for knowledge production. Again, I compared these categories with those in reform documents. Given reform’s attention to science as a discipline, albeit one that is not well captured in the rote and highly procedural “scientific method” found in the first chapter of most science textbooks, I decided to treat the first two categories—no mention (“none”) and specific method (“low”)—as less ambitious. Although treating science as a discrete set of “skills” falls short of treating science as a cohesive means of knowledge production, I classified the remaining two categories as more ambitious (skills as “medium” and knowledge production as “high”). The skills category, at least, represented science as involving less formulaic processes of reasoning than circumscribed in the “scientific method.” 

Categorizing resources


Resources for curriculum were the other variables of interest. As described in data collection, several data sources contributed to the descriptions of those resources—observations, interviews, and artifacts of programs and schools.  I focused attention on activities where teachers worked with curriculum in some way—figuring out what to teach, planning, and/or teaching their focal class (each teacher selected one class for observation). I briefly describe the process used to characterize resources within each category—conventional, social, and personal. 


I used the literature on new teacher support  to develop the framework for characterizing institutional resources [30] [31] [32] [33]. I also focused on features of professional development widely advocated for science teachers, especially those recommended by NSES and studies of educational reform [18] [12] [13]. Based on recommendations for subject-specific induction support [34], I paid particular attention to resources for teaching science, rather than those directed towards general instructional concerns (e.g., classroom management). I also relied on scholarship about teachers and diverse learners, especially in urban districts to guide which resources I would examine; work that especially influenced the personal resources I chose (e.g., perception of students and long-term commitment to teaching) [35] [36]. I summarize the resources selected in Table 4. 

Table 4

Resources Selected as Potentially Influential on Curriculum Goal Development

	Conventional
	Social
	Personal

	
	People
	Norms
	

	Science curriculum materials
	Knowledgeable of science content
	Opportunities to explore and/or investigate scientific phenomenon
	Science degree matched to teaching assignment

	Science classroom supplies
	Knowledgeable about science curriculum and lesson planning
	Opportunities to learn science content
	Knowledge/experience with scientific investigation

	Course load and preparations
	Knowledgeable about teaching science to diverse learners
	Opportunities for intensive learning (e.g., institutes)
	Perception of students as capable learners

	
	
	Opportunities to examine student work
	Successful experience working with diverse learners

	
	
	Opportunities for science lesson/unit curriculum planning
	Long-term commitment to teaching




Based on the resource profiles, I developed qualitative ratings of resource availability for each teacher.  I classified personal resources as low, medium, or high for each contributing factor (e.g. science degree matched to teaching assignment). I did the same for conventional and social resources, separating availability into school-based and non school-based resources; hypothesizing proximity of resources might be a mediating factor for new teachers; strapped for time as they are. As I began initial passes through the data with a sociocultural framework in mind, I suspected the degree to which conventional and social resources matched the teacher’s context might influence use; something already taken into account with the personal resources selected. Therefore, I classified each conventional and social resource as low, medium, and high for context match. Finally, I rated each conventional and social resource low, medium, and high for use; based on the extent to which the teacher considered the resource contributed to their learning (I did not use “frequency of use” as my prior work with new teachers taught me that less, indeed, can be more). 



With procedures for rating curriculum goals and resources in place, then, we now come to the final analytic task: linking curriculum goals with resources and their use.

Linking curriculum goals and resources


I relied primarily on three data display methods to draw relationships between resources and teachers’ literacy stance: side-by-side descriptions, cross-teacher matrices, and timelines. The purpose of these methods was to juxtaposition resources and curriculum goals next to each other in order to investigate patterns. I looked, in particular, at resources teachers highlighted as most helpful and those they indicated were least helpful; and then looked for patterns in cross-teacher comparisons (e.g., Did teachers with differences in curriculum goals have/not have similar kinds of resources?). If teacher goals showed a shift over time, I tried to locate the shift on the resource timeline; where did a new conventional or social resource enter the scene that could be traced to the shift?


The final patterns I looked for were instances when teachers with similar resources had different outcomes. Then, I carefully investigated use. When a teacher with limited personal resources accomplished something unexpected, I looked for explanations in social or conventional resources. Similarly, when the same social resource helped one teacher but not another, I looked at differences in use, often tracing those differences back to personal resources. When conventional resources had different effects, I suspected social or personal resources influenced use. Again, in each case, I looked for disconfirming, as well as confirming, evidence. Finally, I examined these cross-teacher patterns to see how resources interacted, how they influenced each other and shaped learning. Those patterns are the foundation of the argument I forward: the novices developed curriculum goals that reflected their use of available resources.


I now turn to the results of these analyses; describing each, in turn—curriculum goals, resources, and how resources shaped the curriculum goals the three novice teachers developed. 

Curriculum Goals, Resources, and Their Connection
One obvious question the study participants had to address was “What am I going to teach today?” The new teachers confronted this question with little teaching experience to guide them. Decisions about content selection, emphasis, and cognitive demand rested on their curriculum goals, goals they did not develop in isolation. They relied on other resources to guide their work—science department colleagues, students, grade-level science content standards, and district-adopted textbooks. As the teachers drew on these resources, they oriented themselves to science curriculum in particular ways. 

I begin this section by describing the teacher’s curriculum goals, on a teacher-by-teacher basis for the focal class they selected—locating each teacher on the continua of “scientific knowledge” and “science as a discipline” discussed earlier under data analysis. I then summarize the resources available to, and used by, each teacher—by teacher and then across teachers. Finally, I explain how resources contributed to the curriculum goals teachers developed.

Curriculum Goals: What Teachers Wanted Their Students to Learn about Science

Mary 

Mary’s 8th grade physical science was her focal class during the 2003-2004 school year. Mary did not have very demanding expectations for her students. As she put it, “[This is] kind of an exposure class. It’s hard stuff….I don’t expect them to become masters at it. (T1/I4). Mary’s primary concern was exposing her students to physical science vocabulary they would encounter later in high school: 

I want to expose [them] to some things of physical science so when they get to high school…they’ve heard of Newton before, they’ve heard of the periodic table… they’ve heard of the term atomic number (I4). 


Note that the curriculum outcomes Mary describes are minimal—recognition. Mary’s comments about her students’ progress provide further evidence of her less-than- ambitious outcomes:

I look at these 8th graders and at what we’ve done this year and what they’ve learned and…no, they can’t fill out an empty periodic table or calculate these crazy things but at the minimum they’ve been introduced to a lot of things that they were never introduced to before. (I8)

Mary’s goals of teaching for “introduction, recognition, and exposure,” then, suggest that the learning goals for her 8th graders lie at the lower end of the ambitious curriculum goals continuum. Mary also did not mention anything relative to science as a discipline in her goals. (See Figure 2)

Joe


Joe selected his 7th and 8th grade Math/Science Special Education class for the study. Joe identified two priorities when he described what he wanted his students to learn about science:

If they can remember…a few things they learned from me and carry that to high school and when they see it again, learn it even better the next time, then that’s what I want…And I want them to question, question the universe, not just questioning in science but questioning the media, questioning everything around them. (Joe, I5)

Joe agreed he would be satisfied if his students could recognize a few things when they got to high school. However, that was not all he wanted them to learn about science. Joe elaborated on another goal he considered equally important—questioning:

Subject matter is important to me but my students need life skills...I’m more worried about…waking up questions in their mind about the universe, cells, and life, creation, and reproduction and all the different cool stuff that’s out there with science. (I5)

Questioning was an important life skill that Joe believed students could borrow from science and its practices. To him, scientific knowledge was dynamic, growing and changing due to “people…testing things and disproving things” (I5) and he wanted his students to take a similar approach to everything around them (I5). For example, Joe pointed out he wanted his students to “question…what they see on television…and not just be mindless slaves to the television” (I5). 


Joe did not expect his students to remember much of the content they encountered. As he put it, “I don’t remember a damn thing I learned in middle school… I could make them regurgitate vocabulary words on a test…But are they going to remember those words over the summer? No!” (I1). However, Joe did expect his students to take a more skeptical stance towards the world, something he considered more valuable. For Joe, questioning—a skill he wanted his students to develop—encapsulated science.  Although questioning certainly is not the sum total of science by any means, at least Joe did not describe science in terms of a rote method. Rather, he isolated a skill he identified with the discipline.


To summarize, then, Joe had expectations for his students at the low end of the scientific knowledge continuum and towards the middle of the science as discipline continuum. (See Figure 2)

Mark


Mark, whose focal class was his 11th/12th grade Conceptual Physics course, discussed ambitious goals for his students; goals that emphasized both understanding scientific concepts and principles and the disciplinary practices of science:

My goal is that [my students] will come to look at the world and see that it’s not just something that provides them with stuff but it’s something they can understand on a deep basis…and they should learn about the process by which scientific knowledge is obtained (I4).

Mark used several examples to explain what he meant by deep understanding, “So, when my students see an ice skater twirling…it makes sense to them. Or, something dropping and heating up…they can make sense of what’s going on there” (I4). Mark did not seem to view understanding scientific phenomenon as preparation for another science course, college, or a career. Instead, he framed his curriculum goals in terms of understanding phenomenon encountered in the everyday, ice skaters twirling or objects dropping through the air (I4).


 Mark’s goals also involved scientific practices. He explained his commitments: “In a science class [students] should learn about the process…by which scientific knowledge is attained, the process by which we come to know” (I4). Mark wanted his students to “know that science is more than just a body of knowledge…it is doable [by them]” (I5). Mark also contended “he had to get [his students] to understand science [as a process by which we come to know] so [the students] would be able to understand the limitations of science” (I5). Mark felt student awareness of science’s limitations was an important part of their development as scientifically literate citizens (I5). 


Mark, then, described curriculum goals that are at the high end of the continua, for both scientific knowledge and practices. (See Figure 2)


Comparison across teachers


To summarize, only one of the Interns, Mark, developed curriculum goals that approximate those science education scholars advocate. Mark wanted his students to understand important scientific ideas and disciplinary practices. None of the other teachers addressed understanding. They limited their expectations to recognition of factual knowledge.
 However, Joe did address scientific practices. Yet, his version—curiosity and questioning—seemed less rigorous than reform documents propose. The differences in resources available to the teachers and how teachers used those resources explain the goals they developed. I now examine resources—personal, conventional, and social—available to each teacher for their curriculum work.
Resources–Availability and Use


There are three pieces in the analysis of resources: a description of the curriculum resources each teacher had access to, the extent to which they used those resources for their work, and an explanation of why teachers did, or did not, use the resources available to them. The analysis sets up later arguments that connect resources to the curriculum goals just described.

Personal resources  

Mary. Mary Andrews, a single, white female in her mid 20s, grew up on the East Coast and attended a private, competitive university where she completed an undergraduate degree with a dual major in economics and sociology. Mary originally intended to pursue a career in investment banking. However, during her senior year, as she began to apply for jobs, Mary “woke up one day and realized [she] would be miserable” as a banker (I1). Mary described herself as someone who “cannot be happy as a person unless [she] is helping people.” For Mary, investment banking was not going to do that (I1).

Mary began a job search, trying to find something that involved working with people:

So, I was looking at the Peace Corps… and then Teach for America came up… I have always been so involved with everything with kids… I was like, “Boy, this sounds pretty good.” The application is due in a week… I fill it out and…in January they sent me a letter…that they have accepted me to be a teacher in the [Bayline] area…It was amazing how fast things happened. So, I graduated and went to the Bronx with Teach for America where they train you for six weeks…this massive…intense training (I1). 

During her training, Mary taught summer school to young students in the morning and took courses in the evening on the basics of teaching. Mary explained the coursework: “It’s a curriculum [TFA] developed of what they think people ought to know in order to teach…many things [including] literacy and lots on classroom management” (I1).


When Mary arrived in Bayline with her Teach for America cohort in late summer 2002 (the year prior to the study), she expected to teach lower elementary grade students. However, after being bounced around several schools,
 Mary found out the district did not need teachers for the lower grades. She described her first year, teaching a fifth grade class, as “a nightmare” (I1). Overwhelmed by constant “behavior management” problems, Mary seriously considered quitting. Yet, she hung on and “barely survived” (I1). Looking back, Mary summed up the experience this way: “I found myself drowning….I [was] so totally out of my league” (I1).

Mary’s first year had stretched her to the limit. The second did not look much better. The district “pink-slipped” all new teachers at the end of the prior school year and had not re-assigned Mary. The week before school started, with a TFA colleague’s help, Mary finally secured a teaching position after interviewing directly with a middle school principal. Mary would teach two sections each of 6th grade math/science and an 8th grade physical science class; an assignment far removed from the younger students she felt best prepared to teach. Mary candidly admitted she was not prepared to teach science. Mary rated her subject matter knowledge “poor” (SQ), she took only one science class—ecology—as an undergraduate. Like many other new teachers, Mary felt she would have to “learn the science at the same time [she was] trying to teach it,” a task she anticipated would be much more difficult for eighth grade physical science than for sixth grade earth science. As Mary put it, physical science was “harder and more abstract” (I1).


Mary had other concerns, as well. She gave her TFA teacher preparation low marks; indicating she was poorly prepared to plan instruction, not at all prepared to understand her students’ social, emotional, physical, and cognitive development, and not at all prepared to motivate students to learn (SQ). Mary also felt her credential program, to date, had not prepared her for teaching middle school or science. Her elementary credential courses emphasized young children and multiple subjects—poor preparation for teaching physical science to young adolescents. Moreover, Mary worried about her students capabilities: “I have about five or six kids…they’re very smart and advanced…but, my kids are so low, a lot of them…I have low kids” (I5).

Although Mary found her first year of teaching very stressful and knew her assignment for Fall 2003 would be difficult, she intended to “do the best job she could under the circumstances” (I1). Mary’s intention was to teach for another year or two, and then use that experience as data for future graduate work in educational policy. She was particularly interested in educational interventions sponsored by corporate and other business leaders (e.g., charter schools) and in teacher recruitment programs like TFA. 


In Figure 3, I locate Mary on the continua of the five personal resources selected for the study (described in Table 4). In summary, given her limited content knowledge, inexperience with science, and her negative first impressions of BSD students, it was unlikely she would take on ambitious curriculum goals without substantial support. Even then, her limited knowledge and skills, coupled with temporary commitments to teaching, might prevent her from making productive use of that support.


Joe. Joe Strobinski, a single white male in his late twenties, moved to the Bayline area five years earlier, shortly after he completed his undergraduate degree in biology at a state university a few hours from his hometown, an industrial city in the East Joe described as “mostly blue collar.” When he entered college, Joe “absolutely did not want to be a teacher whatsoever.” Both of his parents were public school teachers, he had seen them “plan and work so hard and complain about kids;” Joe “wanted no part of [teaching]” (I1).
Joe originally majored in engineering but found it “much too dry,” and so he switched his major to biology because he “fell in love with biology” and hoped to go on to medical school. However, his grade point average (“about a 3.0”) was below the requirement for U. S. medical schools. After graduation, Joe returned to his hometown, waiting tables at night for a year. He decided to move to Bayline, even though he did not know anyone or have a job lined up, figuring he could wait tables and see what else developed (I1).


Although Joe did find work as an evening waiter, expenses meant he also had to find a day job. Substitute teaching was his solution. Tired of waiting tables, Joe decided to substitute full time while continuing to teach evening computer courses—HTML, Photoshop, and Flash—to adults at Bayline State (a third job he picked up when waiting tables) (I1).

In the Fall of 2001 (two years prior to the study), Joe substituted in two special education math/science classes at Adams Middle School; a teacher quit three weeks into the school year, and Joe, who picked up the classes as a substitute thought: “These kids are fine. There’s nothing wrong with these kids.” After the first week, the principal offered him the job:  “Sure, why not?” he thought. Joe has been at Adams ever since (I1).

Since Joe was not a certified teacher, the state granted him a temporary “emergency” permit during his first year. In order to satisfy requirements for teacher qualifications, BSD re-hired Joe in Fall 2002 through the district’s Intern program; he began coursework for a single subject life science (secondary) and a special education credential at Bayline State University (I1). 

Joe felt the credential program coursework, combined with his biology degree, prepared him well to teach “every aspect of science;” something he was expected to do (I5). Unlike single grade level teachers, teaching multiple grades meant Joe taught some earth, life, and physical science. Since Fall 2002, Joe has completed courses in geology, astronomy, and meteorology, as required for his credential. He felt taking these courses so recently gave him an advantage—the knowledge was “fresh in his mind” (I5).

In addition to learning content, Joe felt his credential program, to date, helped him learn how to plan instruction; he was particularly impressed with the science methods course he took in Spring 2003, where he first encountered “inquiry-based” science teaching:

[The science methods instructor] was all….about inquiry. That was all she advocated…[A]ll of our lesson plans had to be inquiry-based. It was great, you know, because it got me thinking . . . Everything she said made a lot of sense (I1).

Like his methods instructor, Joe now considered himself an advocate of inquiry-based science. Joe summed up his views, saying, “It’s science…You can’t just talk about it, you have to do it” (I1).


Joe’s only objection to the credential program was the student teaching requirement. The Bayline State program administrator refused to let Joe’s special education class count for both his secondary science and his special education credential. After much haggling, they reached a compromise; Joe gave up a planning period to student teach in an eighth grade classroom at Adams. That meant he would complete his secondary science credential at the end of the school year, the special education certificate a year after that.

One of Joe’s greatest strengths was his connection with his students; he genuinely enjoyed spending time with them:

You can talk to a lot of other teachers who don’t like their job or are burned out…I genuinely love my job. I love these kids….They know I love them…. It’s really amazing. That’s why I love going to work every week (I1). 

Joe was not simply committed to students, he also made it his business to know them. He pointed with pride to the homes he had visited, the individual male students he mentored, and the families he knew. Joe felt he had “street knowledge”—he understood (and enjoyed) his students’ language, interests, and music. For instance, Joe performed “freestyle hip hop” at a faculty talent shoe  and sponsored a hip hop club after-school. Joe used his knowledge of technology for another after-school activity—the animation club. He bought old computers and repaired them for use in his classroom. Using his experience teaching adults how to build websites and how to use digital imaging and animation software, Joe offered these opportunities to his middle schools students as well. Joe believed that the interest he showed in his students’ lives had benefits for their behavior and motivation: “I figure…the closer I get to [a] kid and the closer in his life I am… the more he’s going to respond and work for me and the less impulsive he’s going to be in the class” (I1)

Yet, even though Joe insisted that he loved the students he taught and felt very committed to them, once he earned his science credential he was not sure if he would continue to teach special education or middle school students. Joe wanted to teach biology (his “passion”) in high school. As the 2003 school year began, Joe said he was “in a quandary” about what to do about his present teaching situation. He described himself as being “at a crossroads;” his dilemma involved working with kids who needed him or teaching more academically motivated students. Joe felt he would “really be able to teach” in the latter situation. Consequently, Joe was making inquiries about positions in, what he referred to as, the “elite” high schools in the district; schools with stringent academic entrance requirements (I1).


Joe had considerable personal resources to draw from (see Figure 3)—two years of experience, solid subject matter preparation, a fascination with inquiry-based teaching, and obvious affection for his special education students. Yet, Joseph intended to teach mainstream students as soon as he earned his credential; suggesting he had reservations about his special education students’ academic capabilities or motivation. It was possible those reservations tempered his curricular expectations; falling short of ambitious intellectual outcomes for all students.


Mark. Mark Bonner, a single, white male in his mid-twenties, taught two conceptual physics classes to seniors and three 9th grade science classes at Frederick Douglass High School. Mark began his second year at Douglass in Fall 2003. The prior year, he taught ninth grade science and biotechnology.  
Mark grew up in the Midwest and went East to do his undergraduate work in physics at a small, private, selective university. Not surprisingly then, Mark felt well prepared to address the concepts, knowledge, and skills included in his physics curriculum; he had a strong grasp of “physics proper”—theoretical physics—that gave him a good handle on the content included in conceptual physics (I1). 

Although Mark majored in physics and took no education courses during his undergraduate program, he always considered teaching a possible career:

My dad is a college professor…Early on, I admired the profession…I sort of always worked in tutoring - nothing very formal. But, I always imagined myself as a teacher…I was a teaching assistant [TA] [in college]…I was pretty certain around my senior year when I was doing some TA’ing that I was going to teach the next year, high school physics, public school. I was pretty certain of that. So, I looked into some various programs (I1).

In the process of looking into programs, Mark found out about BSD’s intern credential I1).

In spring of 2002, Mark contacted the director of the program and informed her that he was a physics major and he wanted to teach high school physics. The director assured him that physics was a shortage area. However, when Mark flew out to California for an interview, the district was unable to offer him a position. Although human resources tried to reassure Mark they would hire him “eventually,” he found the situation “not too great.” Yet, as Mark put it: “For some reason I moved out here anyway;” certainly he could find employment as a substitute teacher in the district. Again, he—like the other teachers—had difficulties with the bureaucracy and the necessary paperwork. Mark laughed as he recounted the situation: “One week in to the school year and [no job]. I started interviewing to… cook at a barbeque place” (I1).


Mark was relieved to get a phone call from the Intern program director who told him about a teaching position that had opened up at Frederick Douglass. Mark interviewed, accepted the position, and began teaching two weeks into the school year. 

Mark laughed as he tried to capture his first days of teaching:  “I can’t describe what it like to walk into a class and have kids laughing at you because…you’re the next one. We already went through [the last teacher].” Mark admitted he had some major difficulties with classroom management in the ninth grade. He found his senior biotechnology students, however, much easier to manage. Regardless, Mark enjoyed teaching both courses. He talked enthusiastically about the kinds of projects he assigned his ninth graders –building mousetrap cars and spaghetti bridges (I1). 


As an Intern, Mark enrolled in the credential program for single subject physics at Bayline State University but soon transferred to one offered through Bayline Teachers Center (BTC), a program connected to the university through its Extension Office. Mark selected the BTC program, at the recommendation of another new teacher at Douglass, because of its “flexibility.” He made the change to BTC after he enrolled in his first class at Bayline State; they changed the day of the first course he signed up for and the new date conflicted with his homework club. Mark felt the Bayline State program was “not respectful” of the responsibilities and demands teachers had to fulfill (I1). For Mark, his students took priority every time. Mark also found the nighttime classes at BTC, condensed chunks offered once a week, fit his schedule well. The BTC program seemed more sensitive to working teachers; they tried to make things more convenient (I1).

Although confident in his own knowledge of physics, Mark quickly found out that the strength of his content knowledge “[did not] always turn into teaching effectiveness.” He had to know more about his students, especially what they needed to learn physics. His biggest challenges included finding ways to modify the curriculum for special education students and to support students with limited math and literacy skills. However, although Mark acknowledged that his students had a “wide range of ability levels,” he did not see this as a deterrent to learning physics. Mark still felt his students could be successful, noting, “Everybody has lots of experience in physics. They just don’t know it” (I8).

Despite the challenges Mark encountered, he felt very fortunate to teach at Douglass, for him, the ideal situation:

It was completely random that I got this school but had I been able to choose any school in the city, I would have absolutely chosen this school…It fit every criterion (counts on fingers), it’s an urban school serving primarily disadvantaged kids…It’s a science and tech school. 

Mark also found the school’s historical mission compelling:

It was set up as a magnet school in response to [Gifted High], the really flagship magnet school in the district. But that one is performance-based to get in…you need test scores, grades. For [Douglass], it was always you had to want to come here. So, you’d have to apply…but the selection was not based on ability…There were [also] incentives to gather people from the local area… the, quote unquote, ghetto of Bayline.

The mission Mark shared in common with Douglass sustained him when he—like Mary—was pink-slipped at the end of his first year; to his relief, the district rehired him just a few weeks before school began (I1).

 Despite the perfect fit with Douglass, Mark admitted that he missed the Midwest and would not rule out returning there someday; noting he would want to find a school similar to Douglass. Although Mark entertained the possibility of changing locations (but not the characteristics of his teaching situation), he expected to be teaching physics in an urban high school in the future. The only reason he would ever leave teaching would be to get an advanced degree: “the absolutely only reason I would leave teaching would be to go back and get a Ph.D. in physics.” Mark explained that he would get the degree to bolster his subject matter knowledge and then return to teaching high school physics, describing a chemistry teacher at his school with “serious degrees…an undergrad at Harvard and [a] Ph. D. at Rice” who decided to teach high school rather than college-level chemistry. Mark said he admired and shared her commitment to teaching at the high school level: “[T]hat was her life’s work, her life’s work was teaching chemistry at this high school. I have no problem [with that]. I think that’s excellent.” Mark’s commitments ran in similar directions (I1).

Mark had a substantial set of personal resources (see Figure 3)—strong content preparation and experience as a teaching assistant for college-level physics, a year of experience with Douglass students, solid commitments to teaching diverse students physical science. Although, like some of the other teachers, Mark considered relocating, his desire to teach urban students would likely sustain ambitious goals for his present students. However, given his inexperience, it was equally likely he would need support to accomplish those aims.



Figure Three  A Comparison of Interns’ Personal Resources

Comparison of personal resources across teachers. Despite hiring procedures that tried their patience, these Interns persisted and found jobs in BSD. Their students were among those public science education has historically underserved. Each teacher came to the 2003-2004 school year with varied sets of personal resources for learning to teach those students; difficult, demanding work, even for seasoned veterans. Five key personal resources—(1) subject matter knowledge (2) familiarity with scientific practices, (3) perception of students’ capabilities, and (4) successful experiences working with diverse learners, and (5) long-term commitment to teaching—would help shape what they learned.
Some teachers had more resources to draw from than others did. As Cohen et al. propose; teachers would calibrate what they did using their perceptions of capabilities—their own and their students [26]. Using that logic, then, we can assume Mark was in the best position for developing high expectations for his students—in scientific knowledge and practices. Problems seemed imminent for Mary, who desperately needed a better grasp of the content. It is difficult to fathom how she could set ambitious goals for a curriculum that seemed beyond her own reach. Joe—fresh out of science content and methods courses—and Mark, the physics major and TA, were in much better shape. There were also differences in how teachers assessed their students’ capabilities. The hint of low expectations echoes in Mary and Joe’s concerns about “low kids” and “special education” versus “mainstream” students. Setting the bar low makes success more likely—for teachers and students. Mark was more optimistic about his students’ potential to learn physics. Further, Mark felt reasonably successful about what his students learned the prior year. Not so, for Joe or Mary—Joe felt more positive about his relationships with his students than with their academic progress. Meanwhile, Mary could only hope that this year would be more successful than her disastrous first year. Finally, Mark seemed more deeply committed to long-term teaching, especially teaching urban students, than either Mary or Joe. We begin to see, then, the shape of teachers’ curriculum goals in their personal resources. 

Yet, personal resources are not the entire story—recall Joe’s attention to questioning—not traceable to personal resources. Sociocultural theory proposes resources—personal, conventional, social—mutually shape each other. We must also, then, take into account the other resources available to teachers. As we will see, Mary does have opportunities to learn science content, although personal resources influence her ability to use them. Furthermore, novices cannot make use of what they do not have. For example, if Joe does not have exemplars of urban special education students engaged in learning science, there is little possibility for a change of heart. The explanation for what teachers learn lies within mutual shaping. We now turn to consider the social and conventional resources available to these three Interns through their schools, districts, and other professional education venues. 

Conventional and Social Resources


Recall from Table 4 the conventional resources targeted for this study: course load and preparations, science curriculum materials, and science classroom supplies. Social resources include people—knowledgeable about science and teaching science to diverse learners—and norms—opportunities to learn. Each resource potentially contributes to ambitious curriculum goals, providing guidance or provisions for planning. The Interns had access to conventional and social resources through their schools and from sources outside of their schools—universities, professional development programs, science museums, and professional organizations. 


With the exception of the Intern’s respective science departments/classrooms (which I address on a teacher-by- teacher basis), I briefly describe those sources in Figure 4. In Table 5, I provide a qualitative rating of social and conventional resources available to each Intern from sources inside and outside of their schools, along with a general overall—combined—rating. Note equivalent resources might not be available to all teacher participants. For instance, Mary’s Intern mentor, a 6th grade teacher, did not assist Mary with the 8th grade; Joe’s Intern mentor was a biology teacher so could only assist with a narrow range of content. Moreover, teachers used their available resources to inform their curriculum goals to a greater or lesser extent; some drew heavily from weaker resources while other ignored stronger ones. In Figure 5, I graphically represent the overall rating for each source (from Table 4) and the extent to which the teacher utilized that resource to develop their curriculum. I offer support for the qualitative ratings in Table 5 and Figure 5 with detailed description of resource availability and use—again, by teacher—in the following sections.  


Mary. As indicated earlier, Mary taught two sixth-grade math/science “core” classes and one eighth-grade physical science class (her focus class) at Meriwether Lewis Middle School—a full load with three preparations Moreover, this was Mary’s first year at Meriwether and all of her courses were new to her. From the beginning, the 8th grade class occupied a solitary and unwelcome position in Mary’s schedule. Mary described her assignment to physical science as “horrible” and “unjust” (I1). Mary had never even taken a physical science course and she felt the “only reason [she] got stuck” teaching the class was “that she came in late and they didn’t have anyone else to teach it” (I1). According to Mary, the assistant principal apologized repeatedly for assigning her the class (FN3). Mary continually weighed how much time and energy she wanted to invest in this one class (I1). Early on, she decided: “There’s only so much you can do with it” (I1). 
Although the principal told Mary that an experienced teacher would give her substantial curriculum guidance, Mary found the teacher “unfriendly”—they never worked together (I1). In January, the experienced teacher left the school for family reasons. A novice teacher, who had just completed a student teaching assignment at Meriwether, replaced her (I2); so no help there. As if to take their share of the blame, administrators did not hold Mary accountable for the 8th grade class. For instance, the principal responsible for Mary’s evaluation only observed her 6th grade classes and never the 8th  grade (FN2).

Figure 4 – Sources of Conventional and Social Curriculum Resources

Table 5

Conventional and Social Resources Available to Teachers 

	
	Conventional Resources
	Social Resources - People
	Social resources - Norms
	

	
	Science curriculum materials
	Science classroom supplies
	Science content expertise
	Science curriculum and teaching expertise
	Teaching science to diverse learners expertise
	Opportunities to explore and/or investigate scientific phenomenon
	Oppor-tunities to learn science content
	Oppor-tunities for intensive learning (e.g., institutes)
	Oppor-tunities to examine student work
	Opportunities for science lesson/unit curriculum planning
	Overall Rating

	Mary

	School Science Dept.
	Low
	Low
	Moderate
	Moderate
	Moderate
	Low
	Low
	Low
	Low
	Low
	Low

	ASP
	High
	High
	High
	High
	High
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate

	Intern 
	Low
	Low
	Low
	Low
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	Credential 
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	High
	Low
	Moderate
	Moderate

	TFA
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	Low
	Low
	Low
	Low
	Moderate
	Moderate

	Explo BTIP
	High
	High
	High
	High
	Moderate
	High
	High
	High
	Low
	High
	High

	District science PD (USP)
	High
	High
	High
	High
	High
	Moderate
	Moderate
	High
	High
	High
	High

	

	Joe

	School Science Dept.
	Low
	Low
	High
	High
	High
	Low
	Moderate
	Low
	Low
	Moderate
	Moderate

	Intern
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Low
	Moderate
	Low
	Low
	Moderate
	Moderate

	Credential
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	High
	Low
	Moderate
	Moderate

	UMSP
	High
	High
	High
	Moderate
	Moderate
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate

	

	Mark

	School Science Dept.
	High
	High
	High
	High
	High
	Moderate
	Moderate
	Low
	Low
	High
	High

	Intern
	High
	Moderate
	Moderate
	High
	High
	Low
	Low
	Low
	Moderate
	High
	Moderate

	Credential
	Moderate
	Low
	Moderate
	Moderate
	Moderate
	Low
	Low
	Low
	Low
	Moderate
	Moderate

	District science PD (USP)
	High
	High
	Moderate
	High
	High
	Moderate
	Moderate
	High
	High
	High
	High

	BPTN
	High
	Moderate
	Moderate
	High
	Moderate
	Moderate
	Moderate
	Low
	Low
	High
	Moderate

	MPRG
	High
	Moderate
	High
	High
	Moderate
	High
	High
	High
	Low
	High
	High




Mary interpreted the situation this way: “You know [the administration] looks at me…as a completely 6th grade teacher… They’re not even slightly concerned about [the 8th grade] class” (FN2).


Consequently, Mary had two main sources of curriculum guidance from the science department in her school—the textbook and the 8th grade science standards; she found neither particularly helpful. Mary attempted to use the textbook as a curriculum guide. However, she described the 800-page physical science text as “confusing and so intense” (I1). The textbook, a constant reminder of what she did not know and yet was expected to teach, intimidated her. Mary tended to “jump around” a lot in the book and generally included only “the first section of the chapter [because] it usually [made] sense” (I1). 


Mary found the standards equally daunting—in her estimation, it was “impossible” to get to all of them by the end of the year (I1). Mary tempered her use of the standards and textbook: 

There is just so much, you…have to pick and choose…[N}ow… my attitude is more like, I’m going to kind of look at these standards…I want them to get some of them… I want them to learn something.  I’m not going to be overwhelmed by this book and be like, “I have to teach them this much.”…It’s less overwhelming that way (I1).

In place of the textbook, Mary relied on worksheets she obtained from online bookstores—they were simpler to understand and easier for her students to read (e.g., Higher Scores on Standardized Tests, Steck-Vaughn, no date).  


In sum, Mary felt little curriculum support from the administration and science department for her 8th grade class. Yet, another source of assistance was located nearby—Active Science (ASP), a “hands-on” science program, occupied a large classroom space at Meriwether (see Figure 4). Teachers could bring their students to the ASP classroom, a well-equipped science laboratory, for lessons. At the teacher’s request, the project director would design lesson(s), provide material(s), and/or teach or co-teach the lesson(s). ASP was readily available to Mary and Mary used it often: “So, this lady from Active Science…came in two or three times maybe all of first semester but she has already been in at least six days in a month because she doesn’t have any one else [to work with right now] (I2).  


ASP materials had the potential to influence Mary’s curriculum planning; pointing, for instance, to central concepts Mary had difficulty extracting from the textbook.  However, Mary did not use ASP in that capacity.—she used ASP primarily as an instructional resource for “hands-on” activities. Mary described the services ASP provided as “amazing”:

It’s right here, they do it all for you.  They come up with the worksheets, activities, everything…It’s all done… Like we did acids and bases and she’ll come in with all the trays set up with twenty different things to test on three different trays…The time it saves for me having to do that it’s pretty incredible (I8/I2).

Mary felt ASP gave her students opportunities for “hands-on” work they otherwise would not have had—Mary acknowledged activities were more difficult and time-consuming to pull off than “book work” (I1). Since Mary primarily relied on Active Science for instructional purposes, I classified her use of Active Science as “low” for curriculum support (see Table 5).


Outside of Mary’s school, a host of sources offered curriculum work—credential courses, TFA, district professional development, the Exploratorium, and Active Science. Mary used all of them sparingly (see Table 5); making scant use of the conventional and social resources available to her. For instance, Mary labeled much of what she was doing in her elementary credential courses—including science methods—as “irrelevant” to middle school students (I2). Moreover, her university supervisor—an experienced science educator who might have been helpful—only observed the 6th grade at the end of the school day. When class was over, Mary had to leave immediately, dashing across town to a credential class (I8). Consequently, Mary had little time to debrief about the 6th grade, let alone discuss the 8th grade. Finally, Mary’s Intern mentor, another Meriwether 6th grade science teacher, focused only on 6th grade curriculum.

Although TFA included classroom observations and other 8th grade BSD science teachers, Mary did not find curriculum assistance there, either. Like the school administration and credential program, the TFA director only observed her 6th grade classes. In addition, while Mary leaned on her TFA colleagues for moral support, she did not depend on them for curriculum guidance; given how busy they were, asking for help sometimes felt like an imposition (I1). Mary limited her requests to occasional inquiries about instructional materials, like videos or activities.

Other resources had even greater potential to support physical science curriculum; yet, Mary did not make use of them either. For example, Mary attended a USP workshop on density led by a middle school science instructor from a nearby district she thought “was great,” that “really got her excited.” Mary found out that the district would pay her to write a density unit, based on the workshop, to share with the other 8th grade teachers in her school. And while she planned to spend part of her winter break working on the curriculum, she “didn’t get around to it” because she assumed she would not teach the eighth grade course again (I2).  

The Exploratorium Beginning Teacher Program was another potentially powerful, yet underutilized, resource. Long and strong in physical science, the program offered curriculum materials and inexpensive (often free), easily obtainable supplies. Yet, Mary’s participation in the program waned, tapering off after the first few months. Mary balked at the promised work with a classroom coach; she did not want to have to worry about someone coming to watch her teach “in such a difficult situation” (I2). When the coach offered to plan with her, as Mary requested, they met one time and Mary did not follow up (E3/I1). Further, Mary stopped attending Exploratorium workshops: “I haven’t gotten that much out of it. It’s just something I have to do on Saturday morning at 8:30 am, at this point” (I2). Mary also attended only one mentor meeting—the monthly, evening meeting seemed like “too much” on top of her credential classes—and skipped the four-week summer institute because of family obligations (I2). In short, Mary dropped out of the program.


To sum up Mary’s situation, if we simply counted resource availability, we might easily consider Mary “heavily resourced”—after all, she had more resources available to her than the other Interns did. Yet, two circumstances greatly reduced the conventional and social resources Mary accessed: (1) Mary’s (and other’s) attention to the 6th grade at the expense of the 8th grade, and (2) Mary’s limited use of the resources that were available for 8th grade curriculum. (The latter, arguably, influenced heavily by limited personal resources—Mary did not have the content knowledge or the will to make productive use of those resources; a point I expand upon later). No wonder, then, Mary perceived she did not have adequate support for teaching her 8th grade class:

I’m not trying to be cynical. I’m just trying to be honest. I feel there is help out there but it doesn’t work. How do you get it to work for you? I really don’t know… I know it’s out there, I know it is.  But, it’s just for some reason it doesn’t seem to be helping [me] in the day to day (I2).

When asked what would be helpful for the “day to day,” Mary pointed to the 6th grade where she worked closely with her team members and the other 6th grade math/science teachers to plan curriculum. The contrast heightened her insecurity about teaching the 8th  grade class. Mary found her 6th grade colleagues helped her “do things that [she] would never be able to do [her] first year [of teaching 6th grade]” (I8). Mary explained: “Planning with others…took away so much stress;” it gave her a sense of confidence about the questions that nagged at her as a new teacher, especially one with limited science content knowledge:  “Am I doing this right? Am I teaching the right thing? Am I on track?” (I8). 


Never sure about what to do when it came to her 8th grade class, yet, at the same time, avoiding all occasions that might further expose her vulnerabilities as a teacher; Mary resigned herself to simply struggling through as best she could (I1). Although the list of programs in which she participated was long, Mary’s curriculum goals more closely reflected her actual use of those resources—limited. 


Joe. Joe taught a full load for a special education teacher at Adams Middle School—four class periods with an additional period for completing the extensive documentation required for his students. In addition, recall that Joe scheduled student teaching during his other planning period so he could obtain his biology credential. Consequently, Joe had five preps—6-7th math/science, 7-8th math/science, and 8th grade “mainstream” science. At least, given Joe was entering his third year with the same teaching assignment, his special education classes—including some of his students—were familiar. 

As a Special Education teacher, Joe had sole responsibility for developing his science curriculum. Although the science department met regularly, Joe did not work out his curriculum plans with them. He determined how much time to spend on math or science (or whatever else he chose) during the 90-minute block period. Joe also decided what science content he would teach. Unlike teachers who taught a single grade level, Joe was expected to cover all of the science standards for sixth, seventh, and eighth grade with his students, something he acknowledged was “impossible” (I1). Consequently, when Joe decided what to teach, he “paid attention to standards, but did not marry [himself] to them” (I5), selecting what he called “big, big things” or “major themes” from earth, life, and physical science (I5). 


Joe had two in-school colleagues he worked with regularly. The first, his “partner teacher,” taught the same students language arts and social studies. Joe found her “really hard to talk to” because she had very different views about teaching than Joe. Joe worried that she “was oppressive” and “did not like kids”: “I don’t like her and she doesn’t like me” (I5). Nonetheless, he insisted they “collaborated” when they needed to track student progress (I5). However, they did not jointly plan curriculum.


Joe had a much more positive view of the other colleague he worked closely with; Mr. Durban, the “master teacher” for his student teaching assignment. As noted previously, in order to earn his secondary science credential, Joe gave up one of his planning periods to fulfill the student teaching requirement with “regular” students (I1). Mr. Durban was an 8th  grade science teacher with seven years of experience, all at Adams Middle School, and  as Joe described him, “a really good teacher” who “does a lot of labs and activities, not much lecture” (I1). Joe described their working relationship as “co-teaching” lessons his master teacher had developed over the years. Joe found the 8th grade class was “a real contrast” to his special education classes; he could “do a whole lot more teaching” and a “whole lot less discipline” with the regular education students (I2). However, aside from the contrast his student teaching assignment provided, Joe did not draw from Mr. Durban for his special education class. He seemed to assume what he learned there did not apply to his students. 


For the most part, then, Joe generally worked out his curriculum plans alone—something he felt quite competent to do. He was comfortable with the content and felt he knew his students better than anyone else did (I1). Joe particularly selected curriculum topics he felt were relevant to his students’ lives. For example, he included extensive treatment of the cardiovascular system because he wanted to address nutrition:  

[My students] go to Burger King. They go to McDonald’s every day. They go to Taco Bell after school every day. They bring flaming hot Cheetos to school every day. Let’s look at the ingredients…Look at this web site. It tells you the…top five ingredients that cause heart attack and death. (I5)

For Joe, the most powerful curriculum topics were those he cold could connect to his students’ experience—earthquakes, weather, inherited traits; his students’ interests were an important tool for selecting among the science standards (I5).


When Joe looked for curriculum assistance, he primarily relied on his former science methods instructor—the women mentioned earlier who taught Joe about inquiry-based science teaching—or the Internet. Joe met with his instructor at the beginning of the school year to map out his curriculum, consult about inquiry-based lessons, and collect curriculum materials, including a book of human body activities he displayed prominently on the sill of the whiteboard at the front of the room (FN1). Joe also regularly consulted the Internet for lessons, noting: “There are so many lessons on there, standards plugged in and ready to go. You got be a fool not to use them.  Why try making them up myself?” (I8).


Joe had one other non school-based resource available—his Intern mentor, an experienced science teacher at one of the “elite” high schools across town from Adams Middle School. Joe met with her once and summed up the visit with a laugh: 

Nice lady…I was giving her ideas [for teaching science]…She actually sent me a lesson plan about inherited traits long after I was done with genetics but that was nice.  And she gets a stipend for that (I8).

Joe did not meet with her again.


Joe did use the University Medical School Partnership (UMSP) extensively. However, like Mary and Active Science, Joe used UMSP primarily as an instructional resource to liven up his science classes (Joe sometimes even selected curriculum topics because UMSP had activities for them).  For instance, when the class studied about the circulatory system, the medical students brought heart specimens, sphygmomanometers, and stethoscopes and Joe got permission from teachers along the hallway so his students could race up and down, elevating their heart rates (FN8). 


Joe was aware of district professional development offerings for science teachers and of the Exploratorium program but did not participate in them because of his heavy credential course load (recall Joe was working on two credentials—for science and special education). Joe had class four nights a week—as he put it, “I think twelve credits of night school is as professionally developed as I can get” (I8). 


To summarize, then, Joe had little curriculum assistance available through his school. Further, Joe did not draw on his work as a “mainstream” science teacher for his special education classroom. However, Joe did have access to curriculum materials, supplies, and several people knowledgeable about science content and teaching through his credential program. Yet, Joe did not have ongoing, structured opportunities for learning science content, exploring scientific phenomenon, or examining student work, like those provided through the district or the Exploratorium. He science methods course was behind him. Joe moved on to other courses—seminars in school policies, professional practices, and classroom environment. Joe met with his former methods instructor, on his own initiative, once, at the beginning of the year to plan his curriculum. After that, Joe relied on his experience, his knowledge of his students, and the Internet to plan what he taught.


Joe’s situation, then, is quite different from Mary’s—more of a case of undersupply than oversupply, especially for resources that supported ambitious curriculum work with special education students. Joe might have benefited from such opportunities. Note that Joe’s curriculum context—special education—colored his use of resources. Joe seemed to classify his professional development, like students, into “mainstream” or “special education” categories. His system is similar to Mary’s—her categories included 6th grade and 8th grade, elementary school and middle school. Context, then, begins to emerge as a prominent influence on teacher’s use of resources. We will now see if context played an equally important role in Mark’s situation.


Mark. Recall that Mark, the study’s physics expert, taught three sections of 9th grade science and two sections of 11th/12th grade Conceptual Physics (CP)—a full load at Frederick Douglass High. As a science and technology high school, science materials were readily available at Douglas. Mark had a large classroom, equipped with supplies, like friction tracks, not available in most other district high schools (I1). Mark had two preparations; one—9th grade science—was familiar from the previous year. Although Mark was teaching CP for the first time, he had taught Biotechnology to juniors and seniors the previous year, so was familiar with that age group.  
CP was not a required course, although Mark said many students enrolled to add a third science lab course to their transcript. Students took CP, rather than “regular” physics, because CP was not as math-intensive (I1). Mark noted with pride that the students enrolled in his class typically were not represented in physics classes. Mark pointed out he had “never had a white student” and most of his students were from low-income families (I1). 

Mark acknowledged that his students had a “wide range of ability levels” (I1). However, he did not see this as a deterrent to learning physics; recall Mark’s stance described earlier: “Everybody has lots of experience in physics. They just don’t know it” (I8). He viewed his role as one of “tighten[ing] the bond between the terms and all the …formalism of physics and [his students] everyday experience” (I8). Mark also respected the “specialized knowledge… a lot of [his] students brought” to the classroom (I4). For example, Mark found many students were much more familiar with engines than he was (I4).

Mark drew on three resources in crafting the curriculum for this course. The state physics standards were a “baseline” (I4); the textbook (a well-reviewed conceptual physics text) and an “excellent” curriculum he inherited from the prior CP teacher were also important resources. Mark used these resources to “make sure [that he] didn’t forget anything important” (I4), but he also felt free to add things he “thought were important for [students] to know” (I4).

Mark regularly consulted with his Douglass science and math colleagues about curriculum matters (I8). Mark “worked closely… with the physics teacher…because she taught [conceptual physics] before” (I8). While he considered it his responsibility to create his own materials, Mark relied on the physics teacher because she was “familiar with the aptitude of a typical conceptual physics class” (I8). Her commitments for helping all students understand physics were similar to his own (FN8), which also made him open to her ideas and experiences. In addition, Mark reported working with a colleague who taught mathematics, often consulting her for ideas about how to support his students’ abilities to utilize formulas and other mathematical representation common in physics (I5). 

Mark indicated that he carefully selected the professional development in which he participated. Mark concentrated his efforts on curriculum resources he perceived would benefit his students and/or enrich his knowledge and skills for teaching physics. Mark even selected his credential program with his students in mind, opting for a version that accommodated the after-school times he spent preparing students for the AP physics exam and assisting students with technology and science competitions (FN8). 

Although Mark appreciated the credential classes’ fit with his teaching schedule, he harshly criticized the courses, dismissing them as “a waste of time”:

It would have been nice to have learned some stuff there. We’d read the textbook and it was very self-evident or irrelevant…Nothing ever excited me…I went back into my class…never wanted to implement anything I learned... Actually the thing I learned best in there was that it was good for me to sit as a student again, on the other side.  It reminded me about when someone didn’t teach in an engaging manner and so that reminded me every time I got back in the classroom to not be like that (I8). 

Aside from dull classes, Mark attributed “irrelevance” to several factors, all related to the failure of his courses to address his teaching situation and concerns:

[In my classes], I wasn’t with people who taught similar subject-matter. We did have monthly meetings where we would meet with other science teachers, which was helpful… even though they might have taught biology, they talked about how they got kids to put together ideas that they hoped were communicated in a lab, so we’d talk about that…It makes sense and people had good ideas. There were things I didn’t think about. But, that wasn’t the case with the teaching classes [in the credential program]. 

Not only was attention to subject matter scarce, Mark did not have the opportunities to learn more about assessment; something he expected to encounter:

That’s another thing, there wasn’t this talk of assessment, and how to do that in an effective manner…I thought that was something that was very valued by the education community. You’d think that would be important. Instead, I have a class about how to incorporate media in the class (I8).

Mark’s disappointment with his credential courses was evident—the classes he took seemed unrelated to his subject matter, students, or professional development priorities.

Mark contrasted his credential experience with the assistance he received from his Intern mentor, Eric Ceresi.  Eric was a former bilingual science teacher at Douglass. Mark met regularly with Eric, now the district science specialist: 

Contrast [the credential courses] with Eric who would come into my classroom, see what I was doing, say alright, these things look pretty good, [now] need to ask good questions, you need to assess etc. Then help me do it (I8).

As Mark noted, Eric was right there, in his classroom; he had experience teaching science to students similar to those Mark taught. 


Eric was particularly knowledgeable about supporting English Language learners; skills Mark wanted to develop. Eric provided resources and strategies Mark implemented in his classroom—pre-reading strategies, outlines, and the like (I4).
 Yet, while his work with Eric was “very relevant and worthwhile” for literacy instruction (I8), Mark turned to other sources for developing his knowledge and skills as a physics teacher. Eric’s background was in biology; Mark’s physics knowledge extended well beyond Eric’s (I1).

Mark had two criteria for judging the physics-based programs he participated in:  (1) how well they helped him “figure out how to teach” CP topics, and (2) the sophistication of the content. When he attended an after-school district USP workshop on optics—to “get ideas on how to teach it”—he appeared more knowledgeable about using the equipment than the workshop leaders; often taking the lead in their discussions of light and lenses (DFN2). It was not surprising, then, that Mark did not return to the release day follow-up because he did not want to leave his students with a substitute. Based on previous experience, he suspected, “[the students] wouldn’t learn anything” (FN10) and neither would he. 

Mark demonstrated his evaluation criteria again when he compared two physics professional development groups he attended—the Bayline Physics Teachers Network (BPTN), a regional physics teachers group and the Modern Physics Research Group (MPRG), a group of scientists and teachers interested in furthering education about topics like particle physics, relativity, etc. in high school. Mark was not as happy with PTBN as he had been the year before; attributing changes to a shift in leadership and participants (I5). Mark found “things moved a little slowly [for him at PTBN meetings]…because of a group of teachers in there who aren’t really comfortable with physics” (I5). On the other hand, Mark rated MPRG “excellent” because it provided him “more knowledge…really good activities…[and] idea sharing” (I5). Mark summed up his experiences at MPRG with a simple statement, “It gets me excited to teach” (I5).

In summary, Mark had strong school-based curriculum support—curriculum materials, classroom supplies, knowledgeable colleagues, and a mentor he respected all within reach. The school, itself, had a mission dedicated to educating students in science and technology who might not otherwise have such opportunities. Mark had similar commitments that informed his choice about the resources he sought and used; his credential program fell short. Mark favored resources that more closely matched his context—teaching physics to diverse learners in an urban high school. He found few resources that fit the bill, but relied on those that did. His work with colleagues, Eric, and the opportunities MPRG provided to interact with scientists and teachers fed Mark’s intellectual life and enthusiasm for teaching. Mark resource scenario and outcomes are much different from the other Interns. I examine those comparisons more closely.

Comparison of social and conventional resources across teachers.  Mary, Joe, and Mark were all Interns in Bayline School District—all had mentors, were enrolled in a credential program, and had at least one year of teaching experience. They also had this in common—full teaching loads with at least two preparations. Mary had the toughest situation—a new school, five courses, and three preparations, all unfamiliar. Joe and Mark, at least, were in a familiar setting, albeit Mark was teaching Conceptual Physics for the first time and Joe, after bargaining away a precious planning period to student-teach, took on 8th grade science. In short, time—a necessity for thoughtful, long-range curriculum planning—was in short supply. The situation increased the possibility that survival, rather than professional judgment, dictated: “What am I going to teach today?” 

Given the Intern’s press for time, the conventional and social resources available to them could potentially ease the burden. For instance, detailed school curriculum materials and guidance meant not having to “reinvent the wheel.” Recall Mary’s sense of accomplishment with the 6th grade, where she had such assistance, compared to her discouragement with the 8th grade, where she struggled solo. While all of the teachers had curriculum assistance available, there were major differences in what they had access to and what they leaned on (see Figure 5).


First, in terms of availability, Mark had strong in-school curriculum support—inherited materials with a well-stocked science lab, clear curriculum guidelines, and colleagues to help calibrate expectations. Joe and Mary both worked alone with limited science equipment and only sketchy maps to guide them. Beyond their schools, Joe had less to choose from than Mary or Mark; what Joe did have offered only moderate curriculum support for his focal class. Mary and Mark, on the other hand, had at least two sources of support with access to multiple conventional and social resources—curriculum materials, content experts, and opportunities for curriculum planning. However, Joe did find his credential program—the content courses he took and his science methods course/instructor—informed his work. Mary and Mark could not say the same about their experiences.


All of the Interns had access to at least one content-rich science program. Mary had broadest access—Active Science, Exploratorium, and District USP programs. Although all three teachers could have applied to the Exploratorium Beginning Teacher Program, only Mary did so—Mark preferred his physics-specific programs and Joe felt his credential work was taxing enough (he did not apply to the district USP for the same reason). The medical school program (UMSP) was the content-rich resource Joe tapped; but teaching learning was not his goal.


Based on availability, Mark and Mary were better situated that Joe with respect to resources that supported ambitious curriculum goals. Resource use, however, is another matter (see Figure 5). “Better” resources did not necessarily mean more use.


All of the Interns selected among the resources available to them, leaning on some more heavily than others for their curriculum work. Mary and Joe relied on programs that brought hands-on activities (but not necessarily curriculum guidance) to their classroom—ASP and UMSP, respectively. Mark maximized the in-classroom support available to him, as well—working on assessment and literacy strategies with his Intern mentor, Eric. In contrast, Mary and Joe did not use their Intern mentors for curriculum development. Joe, with a full slate of after-school credential courses did not want to trek across town to meet with someone he felt was no more knowledgeable than he was. Mary was not even sure who her mentor was, she just knew it was one of the 6th grade teachers.


Both Mary and Mark made limited use of programs with extensive curriculum resources (see Figure 5).  Mary shied away from the Exploratorium and the district science professional development (USP), even though both were relevant to her 8th grade curriculum. Mark also phased out his USP participation and used the physics teacher network (BPTN) less than he might have. Although both teachers limited participation, their reasons for doing so were quite different. Mark wanted to enrich his strong physics background, as well as his teaching skills—he found USP and BPTN lacking in the former. Mark invested his precious time in the modern physics group, instead, where he could learn both higher-level content and pedagogy. Mary, on the other hand, saw little point in struggling with content for her “orphan class.”  Recall, also, Mary’s scant personal resources; she did not have the knowledge, skill, or will to “make sense” of content-heavy learning opportunities—a point I return to shortly. Mary invested her limited time and energy in her 6th grade curriculum, where she felt more comfortable and had assistance close by—her colleagues next door. 


In summary, Interns could not necessarily depend on school-based resources for curriculum support. The resources available through credential work were program specific (e.g. outreach or main campus, single subject, etc.), tended to address general teaching issues, and offered limited guidance for the specific science classes Interns taught in their schools. Science professional development programs supplied the strongest curriculum support, although some programs focused more on demonstrating hands-on classroom activities than content or curriculum development.


The extent to which the resource matched the Intern’s particular teaching situation influenced use. Joe, for instance, was hard-pressed to find curriculum resources that wedded science and special education—Joe’s student teaching did not seem relevant to his special education classroom upstairs. Mary found what she learned about teaching science to 2nd graders sounded far removed from her day to day experience with 6th and 8th graders.  Mark had similar complaints about his credential program—for him, the issue was absence of subject matter.


In contrast, Interns gravitated towards resources that closely matched their context. The modern physics group had everything Mark was about—physics, research, science teaching, and urban learners. Active Science, housed in Mary’s school, was “her savior.” Eric worked with Mark in his classroom. Joe and the medical school students were well acquainted with each other from previous years; Joe knew how to structure their activities with his students.


The stage is now set to examine the relationship between resources—personal, conventional, and social—and the Intern’s curriculum goals. 
The Influence of Resources on Curriculum Goals


In Figure 6, I combine the qualitative ratings of curriculum goals and resources in one diagram. Recall Mary and Joe had low expectations for their students’ content knowledge—recognition—while Mark aimed for conceptual understanding. Mark also wanted his students to learn about science as a discipline; Joe isolated questioning skills, and Mary did not address scientific practices. As Cohen et al. proposed, the differences in resources available to the teachers and how they made use of them explain the goals they developed [26]. Personal resources that participants brought to their curricular work provided a starting point for their goals; influencing how they interpreted and used other resources. The teacher’s use of other resources, in turn, influenced the goals they developed. In general, it appears the stronger the set of personal resources, the more ambitious the curriculum goals. However, Joe’s set of personal resources are not too different from Mark’s; yet, Joe pitched his goals at a lower level. This suggests solid subject matter knowledge alone is not sufficient to shore up teacher’s expectations—commitments and beliefs about their students’ capabilities also play a role. 


Personal resources appear to influence curriculum goals in another way, as well. Mark and Joe, with their stronger sets of resources made more strategic use of conventional and social resources than Mary, who could not make the help available work for her. For instance, compare Mary and Mark’s approach to resource use. Mark—knowledgeable about science, certain his students could learn physics, and committed to teaching those students—had the personal resources to become a careful investor in his own development. For Mary—steeped in insecurity—everything associated with the 8th grade was a long shot; no wonder, then, she soon let the physical science resources go. Joe also relied on his personal resources to gauge what was worthwhile; intent on getting his single subject credential as soon as possible, Joe invested his efforts towards that end. After all, a single subject credential meant more money and a position teaching mainstream students. Joe had his subject matter classes, he had his science methods courses ticked off the list. He took as many classes as he could which left little spare time—no sense chasing after anything else.
The central role personal resources played in shaping teachers’ use of other resources is similar to Spillane’s  findings about mathematics instructional reform policies and teachers’ classroom practices [37]. Based on his findings, Spillane suggested “[T]he potency of [policy] incentives in getting teachers to reform the core of their practice, absent some threshold of knowledge and skill, is limited” (p. 169) [37]. In the model he developed, Spillane placed personal resources at the center of teacher learning because they acted as a filter for “noticing opportunities for learning” (p. 169). Spillane contended “ [Teachers] process new information and ideas about practice through their existing knowledge, beliefs, and convictions” (p. 169). Spillane referred to the use of personal resources as “sense-making” (p. 169)[37]. 

The findings from this study suggest personal resources played a similar role as study participants developed their goals. Personal resources directed their attention in curriculum activity. Cohen et al. offer a metaphor for instruction that is useful here. They envision instruction as a stream that carries resources through classrooms: 

Instruction is a stream, not an event, and it flows in and draws on environments—including other teachers and students, school leaders, parents, professions, local districts, state agencies, and test and text publishers (p. 122) [26].

Personal resources, then, influence what teachers notice and use from that steam. The Interns made sense of social and conventional resources consistent with their beliefs, knowledge, skills, and will. In some cases, personal resources directed them towards resources that supported ambitious curriculum goals. For example, Mark’s passion for physics drew him to the modern physics research group. In other cases, personal resources focused attention in different directions. Joe extracted a life skill he thought his students needed—questioning—from scientific inquiry.

Mary, Joe, and Mark did not have identical instructional streams. Their schools, credential programs, and professional development venues added varying degrees of conventional and social curriculum resources. Joe’s stream was more of a brook, Mary and Mark’s, a river. Yet, as I just argued, what they noticed, and made use of, depended on their personal resources—their “sense-making” system. For Mary, the river was too much. Recall her plaintive request: “How do you get [the support] to work for you?” For Mary, what was intended to be support often felt like a burden. Joe, on the other hand, might have benefited from opportunities beyond his credential program, especially resources that supported ambitious science goals for special education students. Mark appeared to have the right mix—a combination of in-school and out-of school support for ambitious curricular aims (and resources to use them for those ends)—a syzygy
 of resources. 

The Intern’s curriculum goals reflected the conventional and social resources they leaned on most heavily for curriculum work. The first was time—the district hiring practices, teaching loads, preparations, and credential courses meant little time was available for planning. Three conventional resources informed their curriculum plans: textbooks, standards, and inherited curriculum materials. Textbooks and standards were at opposite ends of the spectrum. Textbooks were tomes of factual knowledge. Standards were lists of important topics and ideas. The former told too much, the latter too little. Inherited materials primarily consisted of factual knowledge tools, outlines, syllabi, and notes. No wonder, then, that recognition prevailed. Only Mark had access to tools that were suited for ambitious ends.



Mark’s goals also reflected the social resources he used—knowledgeable others and learning opportunities available to, but not used by Mary and Joe. Similar to Mary’s experience with the 6th grade (but not available for 8th grade), Mark felt buoyed by his colleagues and mentor—they were models and advisors. Mark did not have to drive across town to get the advice and guidance he needed to build a strong physics curriculum. His mentor, Eric, came to his classroom, where they looked at student work, discussed assessment, and how to address students’ literacy development.

Finally, Mark was also the only teacher who made use of opportunities for exploration and investigation of scientific phenomenon—scientific practices that made their way into his curricular aims.  Joe’s version of scientific practices—questioning—reflected his sole (and valued) experience with inquiry through his credential program. Perhaps continued opportunities—through the district, Exploratorium, or elsewhere—might have helped him develop aims that were more robust. However, Joe’s schedule did not afford him such opportunities. It is more difficult to speculate about the extent to which Mary might have benefited from such opportunities; yet, her enthusiasm for Active Science Project suggests she might have experienced science in new ways.

Conclusions and Implications

The curriculum goals teachers developed suggest personal resources—understanding scientific knowledge and practices, certainty that all students are capable learners, and strong commitments to teaching in urban schools—play a primary role in drawing attention to other resources. These resources form a “sense-making” system [37]; directing teachers attention to some learning opportunities and away from others.


School-based curriculum activity typically provided weak support for ambitious goals. Interns had full class loads, multiple preparations, and challenging students. Moreover, they could not necessarily count on curriculum materials or colleagues to help determine appropriate and challenging expectations. Other resources, from new teacher and science reform initiatives, offered more promising assistance—supplies, curriculum materials, content experts, and the like.  


These programs and opportunities added resources to Bayline schools, witnessed by a raft of new acronyms—TFA, ASP, USP, UMSP, and MPRG. Programs offered credentials, support providers, and activities. Yet, as we have seen, these resources did not replace traditional ones. Human Resources still hired teachers at the last moment; principals—desperate to fill positions—placed teachers in ill-suited assignments; colleagues handed over binders of lecture notes, textbooks presented dense information students could not comprehend. Moreover, programs and policies operated independently of each other, layer upon layer. Institutions in which new teachers participated tended not to communicate with each other. This led to pockets of oversupply, undersupply, and useless help.

There are several different ways to think about stocking novices’ instructional streams. Perhaps multiple programs make more expertise available—for science content, supporting diverse learners, and lessons or activities, for instance. Alternatively, multiple programs might overwhelm, offering new teachers too many options, ideas, and resources to sift through—a situation that software designers call “useless help”:
Despite the best intentions of designers, [Help functions] show the unconstrained, abstract freedom of choice that a disconcerted and nervous user just does not want, at least not at the moment when [s/he] needs help most urgently…with every mouse move there is a strange new description, housed in a balloon, attached to some object on the screen. ([38], p. 202)


While software designers acknowledge those balloons can be quite helpful as a learning tool, they also warn that in times of crisis, they are more distraction than assistance; adding to the user’s anxiety:

This surely is a nice way for a novice to learn about the abstract possibilities of the software when there is no pressing task to do, but it takes too much self-control to ignore all the irrelevant balloons that only add to the optical and conceptual clutter, until [s/he] finally finds the important piece. (p. 216) 

 One can imagine that multiple opportunities for mentoring, coaching, teacher meetings, credential courses/tasks (with incumbent reading and writing obligations), workshops, and curriculum materials might prove to be that kind of clutter for novice teachers as well, despite the good intentions of support program designers. There is a potential irony here—new teachers no longer have to “sink or swim”[39]; yet, there is more than one way to drown—under one’s own weight or weighted down by an overwhelming amount of well-intended assistance.

The Interns sorted through the resources available to them with one prominent filter—their day-to-day teaching situation. Moreover, they were heavily influenced by the resources that were (and were not) available in their workplace. These findings suggest that institutions located outside of schools (including districts) hoping to support new science teachers with resources for ambitious curriculum goals need to attend closely to both teacher and workplace. As novices with thin resources banks, new teachers may be particularly vulnerable to the press of curriculum activity in the school, rather than the district, as Grossman and Thompson hypothesized, [40] or elsewhere. When outside institutions interface with schools through new teachers, their resources face double verification. Teachers measure them by their own and their workplace standards. The predominance of limited curriculum resources in schools suggests the need for systemic interventions; coordinating curriculum activities between outside educational institutions, districts, and individual schools in directions that support ambitious curriculum efforts—exciting places for teachers to learn, opportunities to explore science content and practices, and time to discuss content and high expectations for all students. Mark’s case supports that conjecture, he was the only teacher with resources fully aligned towards high expectations.


These findings trouble, as other studies have, the capacity of credential programs, mentoring, or other collaborations to support ambitious goals for science learners. Accountability structures, science department norms, and curriculum resources blunted teachers’ ambitions. Resources developed in reform-friendly environments offered possibilities not realized in schools. Nevertheless, outside resources could not keep their distance and expect to influence workplace activities. Mark’s case suggests influencing the ambitions of new teachers requires substantial support from three directions—new teachers themselves, their workplace, and reform-minded institutions. 

Epilogue
In Fall 2005, none of the Interns will be teaching in Bayline School District. Here is what they will be doing instead.
Mary will begin a graduate program in educational policy at a prestigious East Coast university.

Joe left BSD in Fall 2004 to teach biology at a private, Catholic high school—St. Magnificent (SM)
. In summer 2003, Joseph taught computer classes to inner-city students at an SM summer “camp.” I visited him there; the facilities were quite a contrast from Adams Middle School: abundant technology, new facilities, state of the art science classrooms, raised platform tennis courts (each with a donor name), and beautifully manicured, expansive athletic fields. When the science department chair offered Joseph a full-time position, he agonized about leaving his Adams students; however, he decided SM was an opportunity he could not pass up—he could “really teach.” Joseph will return to SM in Fall 2005.

Mark will begin a doctoral program in physics at the Midwestern university where his father teaches. When he finishes his degree, Mark plans to return to teaching high school physics and would prefer an urban school district.
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The Bayline Intern Program





Qualifications


An undergraduate degree


A minimum undergraduate GPA of 2.7


A passing score on the California Basic Educational Skills Test (CBEST)


Subject matter competency


A subject matter waiver from an accredited college/university (single subject only)


			Or


A passing score(s) on state subject matter tests


Must satisfy a US Constitution requirement (satisfied if attending a state university)


Full-time teaching position in Bayline
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Figure 2 A Comparison of Teacher’s Curriculum Goals
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Bayline State University (BSU) Credential Program – A post-BA program primarily for full-time, non-credentialed teachers offering coursework that leads to preliminary certification. Requirements vary dependent on the credential but generally includes at least one course in science methods and one in teaching diverse learners. During the “student teaching” component, a university field instructor observes the full-time teacher several times during one semester to evaluate teaching.





District Intern Program – A program designed to fill shortage areas in math, science, and special education; recruits non -teachers with appropriate undergraduate degrees (e.g., physics) to the district. Participants are required to complete their credential within two years by enrolling in a credential program. The Intern program director keeps track of each Intern’s progress and assigns them a mentor; for science, the mentor is generally a science teacher from another school in the district.





Exploratorium Beginning Teacher Induction Program (BTIP) – A two-year program, sponsored by the Exploratorium Science Museum, designed for early-career science teachers in the Bayline area. The program provides a “menu” of opportunities—in-classroom coaching, mentoring groups, science content and teaching workshops, a 4-week summer institute, interactive museum exhibits, classroom activities, supplies, and curriculum resources.





Teach for America Program (TFA) – A program that recruits accomplished graduates from prestigious universities to teach, for a minimum of two years, in low-income communities. Prior to assuming their teaching assignments, TFA recruits attend a five-week summer institute: working in summer schools programs and taking courses in teaching. A regional TFA program director provided support for the Bayline cohort; organizing cohort meetings, observing the new teacher’s progress, and providing other forms of assistance as needed. In addition, all TFA teachers are required to enroll in a credential program.





Active Science Classroom Support Program (ASP) – A program that provides classroom activities, supplies, and/or assistance for teaching “hands-on” science in addition to after-school science activities for students. ASP is a local school resource available in a few of the lower-performing schools in the district, including Meriwether Lewis Middle School where Mary taught.





District professional development for science teachers (USP) – A professional development project to support “hands-on” science teaching in middle/high school; teachers meet in small groups to work with “core activities” adopted for each grade level by a district science instruction advisory team. Prior to teaching with the activities, teacher representatives from district schools meet for demonstration lessons and discussions. After using the activities, teachers reconvene to review the lessons. Middle school representatives continue their work during a one-week summer institute, planning how to help the rest of their science colleagues use the activities in their teaching.





Medical School Science Classroom Support Program (MCSP) – A medical school near Bayline provides classroom supplies, curriculum resources, and classroom assistance to district life science teachers.





Bayline Physics Teachers Network (BPTN) – A locally organized group of physics teachers in the Bayline area who meet regularly to share curriculum resources for teaching physics, with an emphasis on “hands-on” activities.





Modern Physics Research Group (MPRG) – A university-based program that provides lectures, workshops, and curriculum development opportunities in modern physics for Bayline area physics teachers
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Figure 5  Conventional and Social Resources:


A Comparison of Availability and Use
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Note: resources availability = Overall rating from Table 5
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Figure 6 A Comparison of Resources and Curriculum Goals
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� Bayline is a pseudonym.


� A search for “alternative certification” in the Journal of Research in Science Teaching produced only one article—A. Proweller and C.P. Mitchener, Building teacher Identity with Urban Youth: Voices of Beginning Middle School Science Teachers in an Alternative Certification Program, Journal of Research in Science Teaching, vol.41, pp. 1044-1062, 2004. 


� Stories the study participants shared with me about their first year in the district corroborated the first-year teachers experiences—late hiring, little guidance, and tough assignments contributed to a dizzying first few months on the job.


� Although the API for Joe’s school was 7, he taught Special Education students. Joe found most of his students performed poorly on standardized tests.





� Although videotaped observations included teacher questionnaires and requested student work from the lessons, the teachers did not consistently provide those materials. They were apologetic but indicated they simply felt too overwhelmed with demands on their time and could not get the materials together.  


� J.A. Galosy (in preparation). Trouble With Activities: Novice Urban Science Teachers and Student Engagement.


� It is important to point out that understanding important scientific ideas includes factual knowledge. However, factual knowledge alone does not imply understanding. Lists of disconnected facts are of little use for tasks that rely on more than memory. Understanding requires organization of factual knowledge into what Bransford, Brown, and Cocking (2000) call “usable knowledge” (p.9).


� During her first year of teaching, the district initially assigned Mary to a second grade classroom. However, in early October, Mary’s position was “consolidated” – a district practice for redistributing students and teachers to better equalize class sizes and minimize teaching positions. Due to collective bargaining agreements, a teacher displaced from her classroom during consolidation has the right to take the position of a less senior teacher like Mary. After a few weeks of “playing secretary” at several schools, the district finally assigned Mary to a fifth grade classroom whose teacher, according to Mary, had resigned because “it was such a crazy class” (I1).





� I address novice science teachers development in literacy instruction in a paper prepared for the 2006 NARST conference: Galosy, J.A., Learning to teach science-for-all in an urban district: Literacy development





� Syzygy - The nearly straight configuration of three celestial bodies (as the sun, moon and earth during a solar or lunar eclipse) in a gravitational system (Merriam-Webster online dictionary)


� St. Magnificent is a pseudonym






