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Abstract

Alternative teacher certification programs (ATCPs) currently exist amidst policy debates regarding teacher shortage, quality, and preparation. This study examines novice science teachers, their teaching practices and their respective ATCPs to better understand how nontraditional certification routes link to the issues of teacher quality and effective teacher preparation. Findings elucidate specific factors within nontraditional teacher preparation programs which may influence science teachers’ abilities to meet current standards-based visions for improved teaching and learning.
As alternative teacher certification programs (ATCPs) proliferate due to state and federal support [1] [2], the role of ATCPs has expanded to not only address teacher shortages but also to address concerns about teacher quality and weaknesses in traditional teacher preparation routes. For some, ATCPs are strategies to widen and accelerate the teacher supply stream, increase the number of teachers teaching in their certification area, and improve preparation [3]. Others question the merit of ATCPs to address these challenges and instead call for closer examination of teacher work conditions that cause high turnover [4]. What is becoming increasingly clear is that the varied approaches to alternative certification make understanding the impact of alternative certification policy problematic. To fully understand the impact of alternative certification on the nexus of teacher quality and teacher shortages, researchers and policy makers will need to focus on the relationships among teachers’ quality of preparation, induction, and overall school experiences and teacher outcomes on various measures. 

Nationally, calls have been made to strengthen teacher preparation to ensure substantive pre-service professional learning that lead to effective classroom teaching [5]. Within the field of science education, the National Science Education Standards [6] and Science for All Americans [7] provide a vision for teacher knowledge, skills, and dispositions in order to more tightly couple science education preparation and practice in ways that help all students learn science. In addition, the Interstate New Teacher Assessment and Support Consortium [8] [9] recommends a set of standards for beginning teachers of science. These standards documents inform many state policies. In the discussion of alternative teacher certification, it is imperative that we have a clearer sense of the teaching practices of new teachers entering the profession via ATCPs. 

STUDY PURPOSE AND RESEARCH QUESTIONS

In order to contribute to our understanding of the linkages between alternative teacher certification programs and teacher practices, this paper explores the classroom practices of alternatively certified teachers.  Specifically, the paper explores these practices and their relationship to teachers’ knowledge, skills, and dispositions developed through their formal preparation, professional experiences, and/or personal life experiences. This paper represents findings from a larger 3-year, NSF-funded study of alternative certification routes for mathematics and science teachers in Missouri. Findings reported here are preliminary and focus on data collected during Year 1 of the on-going study. The larger study from which this paper was developed uses program theory evaluation as a framework to explore and evaluate linkages between ATCP structures, processes, content, and their outcomes. In examining this new teacher population, the diverse programs preparing them for secondary science teaching, and relationships between nontraditional science teachers and their teacher preparation, we consider:

1. To what extent are these beginning science teachers using instructional practices that meet or exceed national science teaching standards?

2. What factors appear to influence teacher instructional practice? For example,

a. How and to what extent do alternative certification programs in secondary science contribute to teacher practices?

b. How and to what extent do teachers professional and personal backgrounds contribute to teacher practices?

Design and Methods

Teacher Sample

In Missouri no databases exist that can differentiate among myriad teacher certification routes. While these databases identify certification types (e.g., temporary authorization certification, provisional, and initial professional certification), they cannot identify whether the preparation route was traditional or one of several types of alternative routes. Thus, at the outset of our study 13 of 16 Missouri ATCPs provided us with names of secondary teachers completing their first year of teacher education (i.e., during the 2004-2005 school year). At the close of the first year, an effective sample of 78 teachers of both science and mathematics had participated in data collection. Eligible science teachers who agreed to participate represented 47.4% of this statewide cohort. 

Data Collection and Analysis

For the purposes of this paper, we were interested in examining individuals who were new to the teaching profession. Thus, we only included participants with less than one year of science teaching experience and who had been observed teaching secondary students in data analysis for this report. (Some eligible teachers either chose not to teach immediately for a variety of reasons.) Instructional practices were observed during one classroom session per teacher. Classroom observations focused on lesson design, pedagogical strategies, use of science content knowledge, and classroom climate. Any artifacts (e.g., lesson plans, handouts, tests) relevant to the observed lesson were requested and collected. Following each observation, we characterized and rated instructional practices based upon field notes. Through a semi-structured interview protocol, we obtained data on teachers’ professional and academic backgrounds, their perceptions of the quality of their preparation, and their perceptions of the class we observed. Interviews typically occurred on the same day of the classroom observation. If there were scheduling constraints, the interview was conducted shortly thereafter. All interviews were audio-taped and transcribed. Teachers also completed a survey with specific items focused on teacher perceptions of the importance of various instructional strategies and their preparation to teach science. Survey and observation protocols had been adapted from the “Local Systemic Change through Teacher Enhancement” project developed by Horizon Research [10] [11] [12] [13] [14] and field-tested prior to administration. 
Survey data were analyzed using descriptive statistics. Qualitative data analysis was accomplished through an iterative process of defining or isolating theories or concepts directly from interviews, observation field notes, and classroom artifacts [15]. Through case and cross-case analysis, we were able to characterize these novice science teachers and their teaching practices and consider these in relation to the quality, content, and adequacy of their preparation in a given ATCP. 

Program Settings

In this preliminary paper, we consider beginning secondary science teachers who have studied within the context of two distinct university-based ATCPs to understand the influences of their preparation experiences and other factors upon their classroom practices. These particular ATCPs had been previously examined and extensively described [16] [17]. Consequently, we had considerable contextual understanding of our participants’ ATCPs based upon these studies which relied upon interviews with key ATCP personnel, observations of teacher preparation activities, and document analysis. 
Program A produces teachers for a large geographic area that mainly consists of rural districts. Partly due to the flexibility of its structure, this program serves a large number of teachers. The structure of the program is an open cohort style wherein ATCP teachers of all disciplines take classes together as well as with undergraduate pre-service teachers. There is no designated coursework sequence but the program does require specific mandatory courses. At the end of the program, the teachers are certified in a given content area as well as receive a Masters of Arts in Teaching. The admission requirements are defined by the minimum qualifications for certification as articulated by the state. That is, candidates for this ATCP must have, among other general documentation, a Bachelor’s degree with a major in unified science, and 2.5 or higher GPA - cumulatively as well as within the major field of study. In terms of the teachers’ field experience and mentoring, the school district in which the teacher is placed bears the responsibility for appropriate organization and structuring. Program A teachers receive no additional sources of funding outside of the agreed upon contract with their school district.

Program B, located in a mid-sized university town, is considerably more structured than Program A. That is, this program purposefully groups teachers into content-defined cohorts, has more specific criteria for admission eligibility, and the curriculum is delivered through a cohort model that prescribes course sequencing and content. Although this ATCP does not produce the same quantity of teachers as Program A, it does produce a moderate number of teachers. The structure is rigid in the sense that cohorts of science teachers must follow the university-designated course sequence and non-cohort students are rarely admitted into these classes. Similarly to Program A, at the end of their program, teachers receive a Masters of Education along with certification in their content area. Admissions criteria include a Bachelor’s degree in the sciences with an overall GPA of 2.75 and a GPA of 2.5 in the content area. Program admittance is also contingent upon a combined score of 1000 on the verbal and quantitative portions of the Graduate Record Exam (GRE). Funding from external sources enables Program B to reduce tuition costs for teachers and provides a stipend which can be applied towards the remaining educational fees. 

Our interest in examining the interaction between these two ATCPs and teacher practices follows along the line of arguments articulated by Heinen, Scribner, and Bickford [16]. They note a disconnect between statements from the US Department of Education [2] about the lack of a relationship between teacher effectiveness and teacher training, and the research community’s findings regarding positive links between quality preparation and effectiveness in teaching, particularly for secondary science and mathematics teachers [18] [19]. Comparing our findings on alternative teacher preparation and teacher characteristics with teacher preparation research and ATCP policy assumptions, we then consider the implications for both instructional and policy outcomes. 

FINDINGS

Findings are presented within four major categories: 1) who are these teachers; 2) what do their teaching practices entail; 3) ATCPs and their influences on teaching practices; 4) other influences on teaching practices. First, we provide general descriptive information regarding the novice teachers from both ATCPs. Secondly, we provide descriptions of the range and types of instructional practices of these novice teachers. Thirdly, we consider teachers’ perceptions of their ATCPs and how the preparation programs may or may not influence their professional practice. Finally, we briefly explore other experiences that teachers draw upon to aid their teaching. 

Study Participants

Drawing from survey and interview data, we characterize the ATCP science teachers in the study according to demographics, prior professional experiences, prior formal science education, and current teaching context. 
Demographics. 56.8% of the secondary science teachers in this study were female and 43.2% were male. Although some teachers designated themselves to be Hispanic (2.9%) or Asian (5.7%), an overwhelming majority identified themselves to be White (91.4%). Teacher ages ranged from 22 to 59 years with the mean age being 32. 
Prior Professional Experiences. Teachers fell on a professional continuum from recent college graduates to mid-career changers having anywhere from 1 to 20 years of post-baccalaureate job experience. Despite this wide range, the mean was 5 years of work experience. Furthermore, more than 50% of teachers had worked for less than 3 years. Surveys indicated that teachers had between 0 to 4 different careers prior to entering teaching. Although the mean number of careers was 1.2, teachers had worked in diverse occupational fields not necessarily related to their undergraduate science content background (e.g., meat cutter, truck driver, etc.).Work experience within science-related jobs (e.g., environmental geologist, ceramic engineer, etc.) was cited but only by a minority of teachers. Teachers in both ATCP programs had varying amounts and types of work experience.
Prior formal Science Education. All teachers who entered the two ATCPs discussed in this preliminary paper had met the admissions requirement of an earned Bachelor’s degree. Teachers had either a BA or BS in a science (i.e., biology, biochemistry, chemistry, environmental science, geology, physics) or science-related field (e.g., dietetics, animal science). Some had minored in an additional science discipline. Several teachers indicated having obtained a higher degree in a science or science-related field (e.g., Masters in Parks and Recreation, Doctor of Medicine). When we compared teachers in Programs A and B, there was no distinguishing pattern regarding the type or amount of formal science education earned prior to their entrance into each ATCP.
Teaching Contexts. At the time of observation, some participants were student teaching while others were full-time teachers. All teachers in Program A were classroom teachers responsible for their own students. Most teachers in Program B were student teaching but some were teachers of record. Teachers were situated in rural, suburban, or urban school settings with varying degrees of human and material resources available to them. Although a majority of teachers were observed teaching secondary science courses topically matched to their undergraduate degree or prior work experience, a substantial number were teaching science topics which did not correspond to their primary content background. More specifically, teachers with biology-related backgrounds were observed teaching chemistry, physics, or earth science. 

Teaching Practices

No two teachers entering the ATCPs were alike and neither were their instructional practices. We observed teachers employing an amalgam of science teaching and classroom management strategies in diverse ways, to varying degrees of success, and within different contexts. Given such complexity, we drew from ideals espoused by current science education reforms to develop focal aspects of science instruction to explicate. Thus, within each subcategory, we characterize the range of teaching behaviors in tandem with the related reflections elucidating teacher cognition. In the final two subcategories, however, we delineate aspects of novice teachers’ reflections as well as their views of how standards influence their teaching. 
Learning as an Active Process. Approaches that teachers took in engaging student and establishing classroom discourse varied. Moreover, although students were typically observed actively engaged in doing something, the quality and type of their engagement varied. In some classrooms, some teachers established themselves as authorities by ignoring student answers that might indicate a different perspective and by telling students the answer. Within this type of teacher-student dialogue, the teacher answered student questions rather than encouraging students to reflect upon and develop their ideas. These teachers explained concepts to students and how to work through problems. Teachers who exhibited these behaviors generally held a view of teaching as transmission of knowledge and skills, as exemplified by this comment from one Program A teacher: “Today, we’ve just basically started with a lecture, to start introducing, giving them actually information, factual information that they need to start to learn.” Univocal discourse was also observed as teachers lectured to students who took notes. However, not all teacher-student interactions were one-sided. Although students were predominantly observed reporting answers, some teachers also encouraged students to not only express, but to clarify and justify their ideas. In some cases, the teachers’ questions and responses to students’ questions allowed students to make sense of their own ideas and challenge others’ thinking. For example, some teachers asked students a clarifying question as a response, jog students’ memory by asking them to reflect upon prior learning, and challenged faulty logic. Inquiry-oriented discourse was observed more so in classrooms of Program B than Program A teachers.

Student learning through investigation was observed in about one-fourth of science classrooms. A small group of teachers – comprised of both Programs A and B teachers – engaged students in hands-on activities or demonstrations. Although inquiry-type explorations were often dictated by worksheets, a few of these teachers encouraged student sense-making and application of their understandings. Having provided students with basic guidelines, one teacher from Program A facilitated student collaboration as they deliberated how to proceed in designing an earthquake-proof building to certain specifications. In effort to have her students apply their understandings of force and motion concepts, a teacher from Program B engaged students in designing a moving vehicle. Students were required to write a written rationale for their design prior to building and testing the vehicle and calculating speed and acceleration. Students then had an opportunity to explain further modifications of their redesigned vehicle based upon their understanding of physics principles. All teachers who attempted to engage students in inquiry activities meet with some difficulties (e.g., student confusion regarding unclear directions, off-task behavior). In response, only a few teachers facilitated student investigations by redirecting student thinking. More commonly, the teacher provided minimal guidance indicated that students needed to figure things out for themselves or provided assistance by showing students what to do. 
Collaborative Learning. In a majority of classrooms, student group work occurred to varying degrees. Collaboration wasn’t always purposefully encouraged by the teacher; students sometimes initiated this. For example, although seated at their individual desks, students might ask each other for assistance or answers as they worked through a written class assignment. Even when the teacher intentionally grouped students together, the teacher did not necessarily foster collaborative learning. For example, students were observed working in groups to complete teacher-provided worksheets but their conversations with one another focused on getting the right answer rather than sense-making about their conceptual understandings. In one science class, though students were teamed to play a review game, the teacher only called on students whom she perceived had raised their hands first; students quickly became disengaged, especially those who did not know or were unsure of the correct answers. In some classrooms, teachers intentionally asked students to partner and discuss their answers to questions before whole group sharing of ideas. A teacher from Program B teacher promoted student engagement by using name cards to ensure that he called on different students through the class period and by requiring students who chose to work collaboratively to each take responsibility in presenting their work orally. The level of collaborative learning was not a distinguishing feature of teachers from one or the other ATCP.
Relating Classroom Science to a Larger Context. About one-third of novice teachers indicated that they tried to help students see how science relates to the real world. Yet how teachers were connecting science to the notion of a broader context differed. One Program B teacher made superficial connections to what he thought would be familiar and engaging to students (e.g., when teaching chemistry, he blew up a familiar cartoon character so as to engage them). One Program A teacher indicated that she addressed student difficulties by using analogies which drew upon things with which students were familiar. Another teacher from Program A brought relevant current events into classroom discussions. Some pointed out the relationship between knowledge in science and other disciplines (e.g., mathematics). Interestingly, only teachers from Program B attempted to relate science content to a larger framework of human endeavor and understanding, focusing on the central ideas in science and their relevance in past and current scientific work. 

Assessment Practices. Although teachers employed various assessments, clear trends emerged regarding the frequency and use of particular strategies. Most teachers used multiple assessments; yet others had a limited repertory. The most common methods of assessment included oral questioning by the teacher and student written work (e.g., worksheets, tests and quizzes). Alternative assessment strategies were observed (e.g., student projects, oral presentations) but rarely. A handful of teachers indicated that they assessed through informal observation of students’ nonverbal behaviors (e.g., facial expressions, voice-related cues). 

Positive aspects of assessment practices included purposeful advance planning of specific questions, using appropriate wait time, and guiding students to grapple with a problem themselves instead of usurping students’ efforts by provision of the solution. However, these practices were more so the exception than the norm. Few teachers provided sufficient time for students to think and respond to questions. In some cases, the choice of question may have resulted in lack of student engagement. For example, one teacher from Program A commenced a laboratory session with “What do you know about electricity?” The teacher did not get an immediate reply nor did he wait for one. An examination of the teacher-initiated verbal question-answer exchanges indicated that teachers did not always capitalize upon incorrect answers; when posing a question, teachers either presented the correct answer or continued to elicit responses until a right answer was offered. Furthermore, when teachers reflected upon their lesson, few were able to recall specific examples of student misunderstandings that arose in class discussion, let alone mentioning implications of students’ misunderstandings upon their instruction. 
Teachers differed in their interpretation of informal assessment data. When speaking about questioning his students in class, one teacher from Program B paid attention to student responses in general but did not automatically assume that a few responses would necessarily mirror all students’ understandings.

You know, you can use a couple students, a couple students that have trouble with it, if they’re getting it, or usually a couple of the other ones I can say, ‘Well, they’re probably getting it too.’ I don’t assume usually. (TI_ B012)

Another teacher from Program B, though noting which students answered the most questions in class, was not as discerning in her judgment of student understanding.

Well, obviously you can look at their groups and see, yeah the scores, and see who gets it, who cares and who doesn’t … So you have those students that either don’t know or don’t care . . . so yeah, that is an assessment all in itself, because I know who got what right. And one student didn’t answer any questions, so yeah, I pay attention to that … but I do know who answered most of the questions. (TI_ B001)

Overall, some assessment practices were more prevalent than others. Moreover, teachers differed in their level of interpretation of student responses. However, a comparative analysis of teachers within one ATCP versus another did not reveal any consistent pattern in assessment practices; teachers within any given ATCP ranged in the types of assessments they employed. 
Addressing Misconceptions and Learning Difficulties. As suggested above, most teachers did not purposefully seek out students’ prior ideas or build instruction to address student learning difficulties. When asked about student misconceptions, teachers generally acknowledged having awareness that learning difficulties existed. Only a few teachers were able to cite specific misconceptions that their students had and the implications these had upon their practice. These teachers indicated that they purposefully attempted to assess and address student understandings. More teachers from Program B than Program A were observed assessing prior ideas and expressed that they employed any deliberate instructional practices targeting conceptual change.
Classroom Management. There was considerable variation in how teachers handled difficulties or unexpected events (e.g., logistical or pacing issues, student behaviors) in the classroom. When confronted by problematic situations, some teachers were visibly flustered and verbalized their frustration to students while others appeared unperturbed. In some cases, the teacher simply ignored students’ obvious off-task behaviors, verbalized confusion, and/or lack of engagement at the cost of instructional integrity. For example, throughout one particular class session, a Program B teacher engaged in and even initiated conversations not focused on the textbook-driven assignment at hand. Another teacher from Program A steadfastly persevered with his lecture although none of the students paid him any heed. Teachers who left management issues unaddressed had difficulty redirecting student behavior and/or employed punitive or ineffective strategies to regain their authority (e.g., sending a student out of the classroom or to the back of the room, threatening students with a poor grade) were also the teachers who were quick to label students as “lazy” or “unmotivated” when reflecting upon how the class had gone. In addition, these teachers sometimes enabled further student disengagement by essentially doing students’ work instead of guiding student thinking to address difficulties. Issues were not always observed in classrooms where lecture, student note-taking, and teacher-centered dialogue formed the mode of instruction. However, behavioral issues were more common in classrooms in which teacher-centered instruction was observed. Also, teachers with severe management issues were noted to frame problems in terms of a deficit on the students’ part rather than reflecting upon how their actions might affect the situation. 
Conversely, teachers who were able to point to improvements that could be made within their practices (whether via instructional or managerial tactics) were observed to face less management concerns. In these classrooms, teachers often had a good rapport with students and their efforts to redirect student behavior were generally heeded. Students were more likely to have clearly delineated expectations, time limits to which the teacher adhered, and supportive assistance enabling students to take ownership of their work. 
 In general, novice teachers were able to redress difficulties in productive ways and proceed with instruction. Management was not a major hindrance to instruction in most classrooms. At the same token, not all teachers employed strategies which enhanced the learning environment. There was no conclusive evidence that issues were more or less prevalent amongst teachers from any one ATCP.
Teacher Reflection upon their Practice. Teachers had different reasons for employing a diversity of teaching strategies. Purposes generally included management, to engage students, and/or to promote student thinking. In some cases, the teacher’s ideas about student learning influenced their practice. For example, one teacher indicated that she purposefully chose to break up her lecture by having students do practice problems after each section of lecture. 

I like to mix the few notes in, and then do the practice problems, rather than go through the whole notes and then have the kids do all the practice problems ‘cause it helps them digest in little chunks so they don’t have four equations at the end of the hour to try and work out. (TI_ A006) 

Another teacher indicated that although her students had designed a moving vehicle to apply their understandings of physics principles and had tested their vehicle with varying degrees of success, she had wanted students to reconsider how they might modify their vehicles in light of the previous day’s results. For this teacher, allowing students to continue their investigations would enable them to continue to deepen their understandings. In several cases, the teachers were not exactly sure which strategy to use or why. The following teacher, who used a game to ask questions addressing science content familiar and unfamiliar to students, appeared to be grabbing at straws as she “experimented” with different strategies:

I’ll try something different for this chapter, I’m going to present more of the information and over and over, repetition, and see if that works.  So that’s kind of this experiment with the game, is to introduce, and then tomorrow I’ll go back over the new material, and introduce, or show it a different way in a different…it’s going to be the same information, it’s just going to be a different format.  So, I don’t know, and so I’m just kind of like, I don’t know what to do next, because the demonstrations didn’t work as well as I’d hoped, and now we’re stuck at notes, and notes weren’t very good…so I don’t know, I’m trying to figure out the best way. (TI_ B001)


When asked to reflect upon the lesson which had been observed, some teachers were critical of their own instructional and management practices, examined specific aspects about their experiences, and were responsive to their context and students. For example, one teacher from Program B pointed to specific weaknesses in her planning and had ideas about how she could improve her instructional strategies to teach the science concepts the next time she taught the lesson. Her reflections indicated that she was carefully observing and listening to students as she was able to cite student misconceptions and difficulties, noting which topics students were having particular difficulty with and speculating how her prior instructional strategies may have had something to do with their evinced areas of weakness. Some teachers’ reflections focused solely on improvements dealing with management. For instance, a teacher from Program A indicated that if she taught the lesson again, she would require students to turn in their work at the end of class so that she could make sure that students were paying attention and writing things down. Some teachers did reflect upon their instruction but proposed modifications which were vague and did not indicate how such changes would enhance student learning of specific science concepts. 
Well, sometimes I have like a little activity, well, maybe not even an activity, kind of like a worksheet maybe.  And what this is going to lead into, was I was giving them some background today, information, and then I was going to give them a worksheet with kind of a layout of the atmospheres and everything, and have them answer some questions, and then we’ll discuss the questions.  So they’ll answer a question and have to do it themselves, and then we’ll discuss it as a classroom, and we’ll do it that way. And I’ve started off some chapters that way, where they’re having to pull some information out of the book and do a little bit of reading.  I just chose not to do it that way this time.  Just to get up and lecture and give them the information. (TI_A005) 
In some cases, introspection regarding their practice was minimal and reflections revolved around criticisms of students. Teachers within each ATCP varied in how they reflected upon their experience teaching the observed lesson. However, when comparing teachers between ATCPs, more teachers in Program B were noted to have more substantive ideas about how they might change their instruction so as to help students learn specific science concepts.
Influence of Standards in the Classroom. All teachers expressed an awareness of standards. When asked how standards played a role in their instructional planning, it was typical for teachers to generally point to their school or district curricula which they assumed was based upon the state standards for student science learning. Many believe they are automatically implementing standards because their science curriculum already aligned to state science standards. Thus, state standards document were most commonly viewed as a guide for how their local curricula had been designed rather than as a functional tool for use in their own professional practice. For example, one teacher from Program B declared that it was the job of the school district science coordinator to ensure that the curriculum and state standards matched. The majority did not indicate that national or state standards provided a vision for their instructional work. A few teachers did not make use of standards at all, even if they owned the documents. A teacher from Program A said that although she did have the NSES and state standards documents, she was still conversing with colleagues in attempts to figure out their meaning. Despite these findings, a minority of teachers did acknowledge the practical utility of the standards documents within their practice. These teachers said that they tried to meet standards, using them as a guide to determine what students need to know and what particular content to emphasize and assess. Only a few teachers mentioned the National Science Education Standards (NSES) and none mentioned the Benchmarks for Science Literacy (BSL) [20]. One teacher from Program B indicated that although she followed her school district curriculum, she also referred to the NSES and state standards so as to “sneak stuff in” such as teaching about the nature of science. Interestingly, one teacher from Program B said she was familiar with the state standards because of her work with her district’s curriculum. However, at the same time, she was skeptical about their value, suggesting that the state document arbitrarily placed certain concepts in different grade levels. Across ATCPs, there was no consistent pattern regarding the influence of standards documents in teachers’ work. 

Program aspects and experiences


Through our survey and interview protocol, we asked teachers to reflect on their preparation program and any experiences or aspects thereof that they perceived as influential or helpful in their teaching practice. Participants also shared what they thought to be ineffective aspects and limitations of their ATCP experiences. Given that ATCPs clearly differ in philosophies by the ways in which they are structured and provide services to new teachers [16], we sought to gain insight on the impact of programmatic differences by examining what the teachers had internalized and determined as useful in their teaching practices. 
Preparedness to Teach. Teachers’ perceptions of their preparation reveal that ATCPs vary widely in terms of structure and cohesiveness. Teachers from Program B with a strict content area focus believed they were better prepared to teach science than their peers from less structured programs. Observational data reflected these beliefs. That is, teachers from Program B which was structured specifically for science teachers and with closer in-field supervision utilized a wider variety of pedagogical approaches in the classroom than teachers from more loosely structured Program A. 

Teachers were asked to rate the importance of several items related to three general domains of instructional practice: conceptual learning, inquiry-based learning, multidisciplinary learning and whether they felt prepared to teach in these ways.

Although teachers across ATCPs rated all as highly important, they felt less well prepared to teach in ways that supported these domains. Only Program B teachers indicated awareness and usage of the 5E Learning Cycle [21], a constructivist mode of teaching in which misconceptions held by students are elicited and intentionally addressed through active student-inquiry; teachers indicated they had learned this science teaching approach through their ATCP course experiences.
Beneficial Aspects of ATCPs. Teachers were generally positive about their ATCPs Though their perceptions varied regarding what was most helpful, teachers mainly identified two aspects of their ATCPs as particularly useful: 1) acquisition of practical knowledge and skills, and 2) engagement in practical experiences. First, both ATCPs were credited for providing classroom management and instructional techniques and strategies which helped teachers in their practice. Teachers appreciated learning how to design lesson plans and engage students in learning science through means beyond lecture (e.g., cooperative learning strategies, inquiry) during their preparation. Most of the positive perceptions focused upon learning the craft aspects of teaching. Two teachers, each for a different ATCP, appreciated learning how to use state standards and the NSES to align and develop lessons. Only Program B teachers also indicated that the 5E Learning Cycle influenced their thinking when lesson planning. In addition, teachers from Program B pointed to the value of having acquired knowledge about how students learn, their cognitive development, as well as the relevance of misconceptions in science instruction. Though all teachers generally appreciated learning about how to teach, Program B teachers were the only ones to acknowledge their ATCP positively for emphasizing inquiry-based science instruction and the value in employing multiple and varied instructional strategies to engage students. The second aspect that teachers found effective was any programmatic opportunity which enabled them to observe experience, apply and reflect upon things relevant to their teaching practice. Program A and B teachers both cited opportunities to observe practicing science teachers in a secondary classroom setting as being valuable. Thus, field experiences and student teaching were cited as useful, enabling students to plan and implement lessons, observe educational theories in practice, and/or gain insights from the field. Within their courses, teachers in both ATCPs appreciated opportunities to engage in activities whereby instructors modeled instructional approaches for them. Some Program B teachers also pointed to the value of assignments requiring them to think and apply their understandings in developing instructional materials for their classrooms. Only Program B teachers indicated that their courses had taught them how to convert traditional cookbook-style laboratories into inquiry laboratories. Program B teachers were also appreciative of the camaraderie amongst peers which extended beyond their course sessions as they supported each other as new teachers and helped each other with science teaching ideas.
Limitations of ATCPs. Several themes emerged regarding teachers’ perceptions of limitations in their preparation. Teachers were disgruntled about: 1) course requirements, 2) course instruction, and 3) lack of sufficient preparation. Their dissatisfaction arose from their interest in learning through their preparation experiences.
One major concern was the perception that many courses – though there was no consistency in regarding to which particular courses – were not helpful. Teachers questioned the value of and need for specific required courses. Some teachers indicated that certain courses had no relevancy at all in their teaching practice. A few teachers indicated that they had taken similar courses in their undergraduate program so the content of certain ATCP courses was redundant. However, in other cases, the relevancy of coursework was constrained by a teachers’ school context. For example, a teacher indicated that Program B had taught about and modeled the use of various instructional technologies and although she recognized the value of such tools, she did not have access to these within her present school. 
Teachers questioned the quality of instruction within ATCP courses. For instance, one Program A teacher expressed dismay that only one inquiry-based lab was conducted within her teaching methods course while a Program B teacher expressed frustration with his ATCP instructor’s inconsistent and unclear directions regarding coursework. Some teachers pointed to assignments which were not substantive or helpful to their learning. For example, a teacher from Program A was vexed by assignments requiring her to summarize readings.
I took one class that was ‘read and write summaries over what you read’.  It’s like, come on! If you don’t trust me to read it, you know, I’m 30 years old, so if I’m not reading my own work then… you know, we’re not freshman in college I guess is what I’m…some of the stuff has just been a lot of busy work. (TI_ A008)
Teachers perceived that what is being taught in their ATCP is “too theoretical” and had limited practical application. As mentioned earlier, learning about lesson planning was valued by teachers, yet some teachers from both ATCPs questioned the value of writing lengthy lesson plans which they would not necessarily construct on a daily basis. 
It’s, you know, like one day’s lesson plan we go through ten hours of work to construct and write and create and the six page paper with reference and stuff.  It’s, I can’t imagine any teacher really does that for each day’s lessons.  And I understand that part of it is that they’re trying to kind of indoctrinate us into thinking in a certain way. (TI_B007) 
More teachers from Program A than Program B expressed that there was variance in the quality of instruction.
A final concern centered on the lack of sufficient preparation. A few teachers commented upon the quick pace and the amount of coursework to complete within a brief period of time. Some indicated their field experiences were too short in duration or were did not prepare them to teach in their current context (e.g., one high school teacher had been placed in an elementary classroom for her field experience). Several indicated still feeling like they still did not feel have sufficient skill to be effective in their teaching (e.g., lesson planning, management). 
Drawing from experiences

Data suggested that, in addition to their ATCP, other experiences were informing teachers’ practice. Teachers drew from different life experiences as they taught. The experiences can be characterized as having been derived from four sources beyond their ATCP: 1) professional work, 2) science-related experiences, 3) personal schooling, and 4) experiences with children. These bases of experience were distinct yet overlapping; that is, these categories of experiences were not necessarily mutual exclusive. For example one Program A teacher had worked at a public garden where she conducted informal educational programs for school children and another Program B teacher had worked as a laboratory technician. What is critical to note is that teachers may draw from experiences beyond their ATCP to varying degrees. Which experiences are drawn upon and how they are useful to science teachers’ practice warrant additional exploration which we continue to undertake. 
DISCUSSION & IMPLICATIONS
This study provided an interesting opportunity to consider a population of science teachers prepared in two differing alternative teacher certification programs, examining their professional practices and consider them in light of their ATCP experiences. Having a deeper understanding of professional preparation experiences and teacher practices en masse enables policy makers and teacher educators to examine implications of the current state of alternative certification policies and programs.  
Classroom management is the oft heard concern of novice teachers and indeed, teachers did struggle with issues whether in modest or obtrusive amounts. Yet, how teachers handled daily classroom operations was not an observably significant hindrance to science instruction in a many novice teachers’ classrooms. This positive finding might be correlated with the ATCPs, as teachers did credit their preparation programs for teaching them how to facilitate a classroom conducive to learning science. A caveat to consider is the lack of management issues does not necessitate or ensure that science teachers are promoting substantive conceptual learning via their instructional strategies. Teachers can have a well-managed, traditional classroom. Overall, we generally observed that many novice teachers maintained a traditional, teacher-directed approach to their instruction (e.g., textbook-based instruction, teaching as telling, passive student engagement through drill and practice). Science instruction ran the gamut from predominantly traditional to less traditional with interspersed reform-minded practices (e.g., elicitation of misconceptions, productive questioning to prompt student sense-making, requests for clarification and justification of student explanations, provision of opportunities for students to engage with scientific phenomena). To varying degrees of regularity and success, collaborative learning and multiple and varied assessment practices were observed in Program A and B teachers’ classrooms. Only a small portion of the new teacher population engaged students in scientific inquiry or related science to the students’ lives or to a larger context of understanding. 
These new teachers were consistently cognizant of state science standards. However, a key finding was that teacher awareness did not necessarily indicate substantial understanding or applicability of these reform documents in informing novice teachers’ plans and practices. Furthermore, minimal evidence from classroom observations corroborates teachers’ perceptions that they were teaching content in a manner delineated by national standards for science teachers. Reform-minded instructional practices such as promoting conceptual understandings of science and relating science to a larger context of understanding and human endeavor were not prevalent. One contextual factor which may account for the varied degree to which standards were viewed as useful was that when classroom observations occurred in the 2004-2005 school year, the state K-12 science standards were undergoing revision; it was not until the end of the school year (i.e., April, 2005) when the state’s Department of Elementary and Secondary Education posted a final version of the standards document. Several teachers alluded to the state standards documents being “up in the air” as a rationale for its lack of influence upon their work. Despite such circumstance, an important question arises regarding how ATCPs prepare new teachers in ways that align to educational ideals promoted by current reform-minded policy documents and simultaneously encourage teachers to use standards to guide their personal professional vision for what and how to teach science. Given the substantial number of science teachers who employed and espoused traditional approaches to teaching and learning, it is unquestionable whether many ATCP teachers have developed a deep understanding of science teaching for conceptual change or appreciation of the “less is more” principle [2]. Some teachers ascribed their reform-minded practices to ATCP experiences which allowed them to observe instructors model instructional strategies and learn via such practices. Since teachers may have learned science prior to or in the early stages of the standards-based education era, such purposefully planned opportunities may be one critical component needed in ATCP experiences. 
The range in teachers’ practices and lack of astoundingly stellar instruction should not be too surprising given that teachers in our study are new to the teaching profession and might encounter numerous unanticipated or not previously experienced circumstances. Indeed, some of them indicated that they were currently struggling to make sense of reform-minded practices which they had not experienced while they were studying science. In addition, some were still student teaching and many had not yet completed their preparation program when they were observed. However, findings regarding management and instructional practices may suggest that these alternatively certified science teachers may not be substantially different than their counterparts who have undergone other routes of certification (e.g., undergraduate teacher education program or other forms of alternative teacher education). The unremarkably typical range of teaching practices ought to be considered in light of the policy logic model which suggests that perhaps the population of teachers in ATCPs may have additional qualifications (e.g., earned degree in science, work experience) to buoy their successful entry into the science teaching profession. Moreover, this study indicated that new recruits to science teaching enter ATCPs with limited work experience which may not even be science-related. 

An assumption in the logic model of ATCPs is that alternative routes to teaching have the potential to change the teaching pool: ATCP teachers are more diverse and more experienced than regularly certified teachers. Our study suggests that ATCPs may or may not be increasing diversity in terms of gender and ethnicity. Teachers are predominantly Caucasian. Findings could be a function of the location of the ATCPs under study. Another possible explanation could be ATCP admissions policies that do not purposefully recruit or target a diverse population. Both programs in the study did not indicate any explicit mission to address this.
Teachers differed in several ways when disaggregated by their preparation program. Though teachers were generally positive about their ATCPs, Program B teachers rated their preparation program higher than teachers surveyed in Program A; there was a distinct difference in perceptions of these two separate teacher populations regarding how well their particular ATCP had prepared them to teach science. Instructional strategies purposefully encouraging active student thinking in classroom discussion and inquiries and relating science to a larger context of understanding were more frequent amongst Program B teachers collectively. More teachers from Program B displayed reflections focused on modifying instructional practices accounting for an appreciation of their integral influence on student thinking than their counterparts in Program A. Teachers who critiqued their practices in detail and reflected upon teaching and learning dynamics tended to be more cognizant of the need to listen to students’ ideas as exhibited in their classroom actions. As the NSES [6] points out, “becoming an effective teacher is a continuous process” (p.55) which extends across the educational and work experience of the science teacher. This reflective piece may be an important factor within continued teacher development. However, there may be some aspects of the ATCP which enable, support, or help develop teachers’ knowledge, skills, beliefs, and dispositions even early on. The above differences within the novice teachers’ practice, perceptions, and reflection need to be further examined as we continue our analysis of teachers’ preparation experiences as well as other experiences that they allude to as being helpful to their current practice. For example, given the closed cohort model of Program B, it may not be coincidental that teachers from this ATCP were the only ones to point to the value of having a support network of colleagues who were both new to the profession and teaching science. Teachers in this study generally indicated that, as they embark on their new careers, they draw upon their prior experiences and knowledge acquired before they entered their ATCP. Although proponents of ATCPs uphold teachers’ professional and content knowledge experience as a given boon for classroom practice, our findings suggest that these prior experiences may not necessarily translate into reform-based teaching practices that help students learn. This finding is corroborated by the study recently conducted by [22] which suggests that ATCP teachers’ subject matter background may not automatically lead to effective science teaching practices. In our continued data analysis, we will further consider which experiences are considered relevant and how these influence teachers’ thinking and practices.
Our study indicated that teaching practices of the prepared teachers in two ATCPs evinced standards-based teaching practices to a limited degree. The assumptions underlying the logic for alternative certification policy must be reevaluated. With the on-going demand to meet teacher shortages while concurrently promoting teacher quality, we suggest that the alternative teacher certification programs are indeed “widening the pipeline” so as to produce more science teachers. Continuing with our analogy and given teachers’ discomfort with the quick pace of their preparation, we could also say that teachers are also being pushed through the pipeline faster. Teachers from ATCPs do not seem to be of higher quality or substantially better prepared than other first year teachers who must navigate the numerous challenges in the beginnings of their career. There still are concerns with their preparedness, based upon their perceptions as well as from the standpoint of standards. Regardless, teachers do attribute value to their ATCP but inconsistently and for different reasons. Given distinct differences between teachers prepared by different ATCPs, further investigation of programmatic differences is clearly needed. Listening to and observing these new science teachers suggested to us that factors such as ATCP structure and content may influence teacher practice, pedagogical beliefs, and self-efficacy. As we continue with our longitudinal study, we will be trying to make sense of such factors.
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