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Abstract
This research inquiry investigates the factors influencing chemistry teacher candidates’ development during their extended practica in the second and final year of an After-Degree Bachelor of Education at a university in central Canada. A variety of data sources are used to identify the risk and protective factors impeding and contributing to the achievement of their chemistry pedagogical aspirations. Two theoretical frameworks, both having their origins in the pioneering work of Kurt Lewin, are used to conceptualize how a complex amalgam of personal attribute and environmental factors and the interplay among these factors influence teacher candidate developmental trajectories. The tenets of both Bronfenbrenner’s bioecological model and Learning Environment research provide insights into how the factors influencing teacher candidate development can be understood and systematically documented to provide a template for reflective consideration of the practicum experience for both teacher candidates and those involved in fostering the development of chemistry teacher candidates. 
Introduction

The purposes of the practicum experience for teacher candidates (i.e., student teachers, pre-service teachers) in teacher education are a well-documented and contested topic of discussion (e.g., Dalzell, 1997; Glickman, 1992; Paris & Gespass, 2001). One of the more common themes evident in this literature is the focus on the development¹ of teacher candidates in their multi-dimensional role as teachers during the practicum (Ralph, 2001). This theme becomes enigmatic for two reasons.
First, the ‘role’ of the teacher is difficult to define as it constitutes a complex amalgam of duties, responsibilities and dispositions (Dalzell, 1997). An often cited role in this complex is that of a reflective practitioner (Schön, 1983), a role central to this inquiry. Schön (1987) identifies two types of reflection: reflection-in-action (thinking on your feet) and reflection-on-action (retrospective thinking). He suggests that reflection is used by practitioners when they encounter situations that are unique, and when individuals may not be able to apply known theories or techniques previously learnt through formal education. He suggests wisdom can be learnt by reflection on dilemmas that are encountered in practice and that by using reflection-on-action practitioners can continue to develop their practice.  Henderson (1992) builds on these assertions and suggests that a reflective teacher does not blindly memorize facts and practice rote skills. Instead the reflective teacher uses the practicum experience as an opportunity for consideration of how past experiences, personal aspirations and subject matter requirements can be best integrated to be successful in fulfilling their roles in new settings. Henderson asserts that in order to be successful a reflective teacher’s consideration requires a supportive environment that promotes a constructivist approach to learning; an environment that in reality may be hard to find. 
 
Second, although the literature is well-established in describing the goal of teacher education in regards to the identification of the capabilities teacher candidates might develop in their multi-dimensional role as teachers, less attention is given to the process that fosters development of the reflective practitioner. Specifically, little attention is given to how the environment of the practicum, and more important, the interplay between the individual and environment, influences this developmental process. This is surprising as most theories of human development assert that development is a joint function of both the characteristics of the individual and the environment in which the individual is resident (Lewin, 1935). Or, as suggested by Harvey (2002) individuals are a product of co-determination as a result of the dialectic between individual and society.
The environment in which the teacher candidate is situated is typically described and defined by the role and characteristics of the collaborating teacher giving little regard to other environmental factors influencing development. Typically the collaborating teacher is regarded as the supervisor, facilitator, mentor or coach (Dalzell, 1997; Glickman, 1992; Paris & Gespass, 2001; Ralph, 2001). As suggested by Ralph (2001, p. 312), the collaborating teacher is a leader by virtue of her previous expertise and experiences, and assists a less experienced or knowledgeable colleague in acquiring new professional knowledge and skills or in improving existing ones. As mentioned previously, a collaborating teacher or coach will help a teacher candidate become proficient in reflection-on-action, especially within a constructivist environment that promotes as a process of systematic enquiry (Baird, 1992). 

Models of teacher education are many and varied and, essentially, give little consideration to the premise that teacher candidate personal attributes and the characteristics of the environment co-determine successful developmental trajectories. One such model used within the North American context that recognizes this interplay, the Contextual Supervision Model (Ralph, 2001), attempts to match cooperating teacher’s mentorship style with their teacher candidate’s skill-specific developmental levels in teaching. By so doing, the gap or mismatch between mentors and teacher candidates may be reduced leading to improvement in the mentorship of teacher candidates and thereby to the teacher candidate’s professional development (Ralph, 2003). Clearly, this model recognizes this interplay is critically important in understanding teacher candidate development. Despite this positive consideration it fails to recognize that other environmental factors are likely to contribute to or impede teacher candidate development. 
Theoretical Framework for the Inquiry
What theoretical foundations can be used to more holistically identify and understand the factors and the interplay among these factors influencing teacher candidate development? Understanding the development of teacher candidates giving consideration to the interplay among personal attribute factors and multi-system environmental factors is likely best understood by considering cultural-contextual theories of development. The pioneering work of Kurt Lewin provides the theoretical foundation for this inquiry. Lewin is most renowned for his ‘field theory’, a proposition that human behavior is the function of both the person and the environment (Lewin, 1935; Deaux & Wrightsmann, 1988). This means that one’s behavior is related both to one’s personal characteristics and to the social situation in which one finds oneself. For Lewin, behavior was determined by the totality of an individual’s situation. In his field theory, a ‘field’ is defined as “the totality of coexisting facts which are conceived of as mutually interdependent” (Lewin, 1951, p. 240). As previously suggested by Harvey (2002) individuals are a product of co-determination as a result of the dialectic between individual and society. Emphasizing the context specific nature of development, Lewin asserts that individuals behave and develop differently according to the way in which tensions between perceptions of self and of the environment are worked through. 
Lewin’s work has been the foundation for two areas of research in science education. The first and most significant is the area of Learning Environment research. Over the past two decades Learning Environment research has endeavoured to conceptualize the physical and the psychosocial features of the learning environment that facilitate or constrain students' satisfaction with their learning and development in a wide variety of educational environments (Fraser, 1998a, b). This area of research has used both qualitative and quantitative methods to understand and systematically represent features of the environment that impact on learning and development. The information gathered through the systematic assessment of learning environments becomes the foundation for the identification and improvement of the individual physical and psychosocial features of the learning environment in order to both monitor and facilitate learner development. 
Lewin’s seminal work has also served as the foundation for the development of Urie Bronfenbrenner’s bioecological theory, a theory that has only recently been applied to science education (see for example Lewthwaite, 2006a, b). Within his bioecological theory, development is defined as the phenomenon of continuity and change in the biopsychological characteristics of human beings both as individuals and as groups. The phenomenon extends over the life course, across successive generations, and through historical time, both past and present. (Bronfenbrenner, 2005, p. 3). Harvey recognizes, similar to Bronfenbrenner, that social structures, unlike natural structures, are irreversibly evolving constellations that are both time- and place-dependent. Because of this constantly emerging complexity and the role played by human intervention in these processes, powers are not always exercised in a constant manner across time or place (Harvey, 2002). 

The ecological environment, again, unique to each individual’s situation, is seen as a series of nested and interconnected structures. The interconnected nature of many of these structures is not examined in this study. The innermost structure is the individual. Bronfenbrenner suggests that individuals possess developmentally instigative characteristics or personal attributes that invite, inhibit or prevent engagement in sustained, progressively more complex interaction with and activity in the immediate environment (Bronfenbrenner, 2005, p. 97). Within the context of this study a chemistry teacher candidate’s chemistry content knowledge and pedagogical content knowledge are likely to be developmentally instigative characteristics (Lewthwaite, 2001). Similarly, Bronfenbrenner suggests that the most proximal sphere or setting, the individual’s microsystem, is the pattern of activities, roles and interpersonal relations experienced by the developing person in a given face-to-face setting with particular material and physical features and containing other persons with distinctive characteristics, personalities and systems of belief (Bronfenbrenner, 2005, p. 148). Within the context of this study, chemistry collaborating teachers as well as chemistry students and, potentially, faculty advisors and other teacher candidates within the same setting are likely to be a part of this microsystem. As suggested by Ralph (2003), a variety of collaborating teacher, faculty advisor and student characteristics are likely to invite teacher candidate engagement in sustained, progressively more complex interactions with their teaching environment. 
It would appear that the research orientations of both Learning Environment research and Bronfenbrenner’s bioecological model can be used in an integrated manner to both understand and systematically conceptualize the individual chemistry teacher candidate personal attribute and microsystem environmental factors that invite teacher candidate engagement in sustained, progressively more complex interactions with their teaching environment. Such is the overall intent of this inquiry.
Context of the Study


This study is situated at a university in central Canada. The teacher education program is a two-year after-degree program. All students entering the After Degree Bachelor of Education (B.Ed.) program have completed compulsory requirements in their undergraduate degree; one of which is the completion of at least two ‘teachable’ areas defined as a specified amount of course completion in subjects approved by the Ministry of Education. A major constitutes a minimum of 30 credits of study in a cognate area; equivalent to six half-year, three-credit or three full-year, six-credit courses. A minor constitutes a minimum of 18 credits of study in a cognate area. Typical of most teacher education programs teacher candidates enter the Early Years (Grade K-4), Middle Years (Grades 5-8) or Senior Years (Grades 9-12) stream. Thus, it might be that a teacher candidate entering Senior Years may have completed a Bachelor of Science degree with a major in chemistry and minor in mathematics. During their course of study in the faculty teacher candidates will complete Curriculum and Instruction courses in their teachable areas. As an example, a chemistry teacher candidate will complete a Chemistry Curriculum and Instruction course in their second and final year that provides fundamental understandings of the intentions of the provincial chemistry curriculum and pedagogical practices specific to the teaching of chemistry. It is noteworthy for this inquiry that both the provincial curriculum and the Chemistry Curriculum and Instruction course emphasize that chemistry understanding is best fostered through the use of pedagogical strategies that foster a congruency among chemistry’s three modes of representation: the macroscopic (laboratory experiences); the sub-microscopic (molecular representations using visual instructional materials such as computer simulations or manipulatives); and the symbolic and logical (abstract representations in the form of chemical symbols, equations and calculations) (Johnstone, 1992). It is noteworthy for this research inquiry that the visualization of the sub-microscopic or molecular level is considered by many to be the mode at which a conceptual understanding of chemical phenomena occurs (for example, Lewthwaite, 2004). This emphasis is not consistent with many teachers’ current teaching practice which tends to place less emphasis on the macroscopic, and, especially, the sub-microscopic levels (Lewthwaite, Hultin & Smith, In Progress).

Over the two-year duration of the Senior Years B.Ed. program teacher candidates complete a total of 24 weeks of practicum placement; eleven weeks in Year One and thirteen weeks in Year Two.  The practica in both years are divided into two blocks both of which are located in the same school but, potentially, not with the same collaborating teacher in the same curriculum area. Typically, a teacher candidate will work with two collaborating teachers in each of the two blocks; most of whom will not have received any formal guidance as to what constitutes effective mentoring practice to contribute to the development of teacher candidates, let alone the development of chemistry teacher candidates. It is expected that a teacher candidate will receive instructional opportunity in their teachable areas in both years of the B.Ed. program but possibly not both teaching blocks. Teacher candidates are placed in schools according to a ‘draft’ process. All teacher candidates provide the School Experience Office with a description of their personal and professional interests; teachable curriculum areas, preferred teaching context (e.g., rural, low socio-economic) and life experience. These descriptions are provided to the schools that have self-selected to receive teacher candidates for their practicum experiences. Each school identifies a ‘Lead Teacher’ who in consultation with the administration and the teaching staff ‘drafts’ the teacher candidates that the school considers best ‘fits’ with their school culture. There is no evidence to suggest that schools draft with consideration of the fit between teacher candidates and a potential collaborating teachers; the individuals the teacher candidates are assigned to at the start of the study year. In many cases schools may only have one collaborating teacher responsible for a curriculum area. In their second and final year teacher candidates spend the first week of the academic year in early September in their placement schools in an introductory placement. This provides teacher candidates some preliminary exposure to the schools, classrooms and collaborating teachers they will be working in and with during the year. Teacher candidates return to these settings for five weeks in mid-October to late-November and a further six weeks from mid-February to early-April. Typically, teacher candidates return to the schools for the five- and six-week placements knowing the teaching responsibilities they will have (e.g., Grade 11 unit on Solution Chemistry) and a familiarity of the class and classroom culture in which they will be situated (e.g., lower ability Grade 10 class characterized by poor student attendance, poor student engagement, didactic-expository teaching approach). A teacher candidate receives ongoing formative and summative evaluations of their performance during their practica. These evaluations are conducted by the collaborating teacher and a visiting faculty advisor augmented by the personal reflection of the teacher candidate.
Methodology


The ten research participants in this study constitute the entire number of chemistry teacher candidates in the final year of their B.Ed. program. Three of these teacher candidates identified chemistry as their teachable major and seven, identified chemistry as their teachable minor. Three of the participants were male; seven, female. The ten teacher candidates ranged in age from 25 to 39. As well, they ranged in academic backgrounds from a three-year B.Sc. in General Science to a Ph.D. in biochemistry.

After their initial one-week school placement at the start of the academic year, the chemistry teacher candidates were asked to identify and list their professional developmental aspirations for their initial teaching placement, particularly those aspirations associated with chemistry,. Based on Schön’s (1987) tenets of the reflective practitioner, these aspirations were encouraged to be largely a reflection of their developmental progress as teacher candidates based on their first year experiences. The assumption of this reflection-on-action is that dilemmas or successes that have been previously encountered in practica can assist teacher candidates in continuing to develop their teaching practice.  As Lewin himself states, a successful individual typically sets his next goal somewhat, but not too much, above his last achievement. In this way he steadily raises his level of aspiration (Lewin, 1951). Teacher candidates re-examined these aspirations prior to the five-week practicum and made modifications based on the contexts in which they would be teaching and their experiences in the first six weeks of study in the Chemistry Curriculum and Instruction course. Upon completion of the first extended practicum, teacher candidates were required to evaluate the success of the practicum in terms of the achievement of their aspirations in a Reflection-on-Action assignment. This essay required them to (a) identify their chemistry pedagogical aspirations; (b) provide evidence for achievement of these aspirations; (c) identify the factors that had contributed to or impeded the attainment of these aspirations and, finally, (d) re-examine their chemistry pedagogical aspirations and refine their developmental aspirations for their next practicum. Following the practicum and the submission of the reflective essay, the author met with each of the teacher candidates to further elucidate the factors contributing to or impeding these developmental aspirations and to clarify their aspirations for their next teaching practicum. Finally, the author met with the teacher candidates collectively to collaboratively identify factors that contribute to or impede chemistry teacher development and to critically evaluate the usefulness of the evaluative template presented later in this paper. All interviews were audio-taped and transcribed. Themes were generated from these data relative to the intent of the inquiry: to understand and systematically conceptualize the individual chemistry teacher candidate personal attributes and microsystem environmental factors that invite teacher candidate engagement in sustained, progressively more complex interactions with their teaching environment.

This research inquiry employs an action research methodology. In line with action research methodology, this inquiry is the first step of a three-step spiral process (Lewin, 1951). This first, reconnaissance phase of this multi-phase project is focused on understanding the processes (using Bronfenbrenner’s multi-system framework for analysis) influencing chemistry teacher candidate development through perceptions and reflections of their experiences. The project, in the subsequent phases, will go on to evaluate the effectiveness of mechanisms collaboratively decided and implemented by teacher candidates, collaborating teachers and faculty personnel to enhance the development of teacher candidates. Consistent with action research methodology, the inquiry in its totality is focused on improving the quality of the practicum experience provided by the Faculty of Education and its performance based on the collaborative design of a methodology and its implementation followed by an analysis of data and evaluation to improve practice (Lewin, 1951). 
Results and Discussion

Chemistry Teacher Candidate Aspirations

The developmental aspirations identified by the chemistry teacher candidates at the start of their second and final professional year were broadly categorized into two categories: (1) general pedagogical developmental aspirations and (2) chemistry specific pedagogical developmental aspirations which promote the attainment of the general pedagogical goals.
a. General Pedagogical  Goals
The general pedagogical developmental aspirations for teacher candidates, for the most part, captured the nature of chemistry as expressed in the provincial curriculum. The curriculum endorses that the study of chemistry should not only introduce and develop in students an understanding of chemistry but also the skills, processes and opportunities that chemistry involves (Manitoba Education, Citizenship and Youth, 2005). The emphasis of the curriculum is on a learner-centered approach to the teaching of chemistry which fosters student engagement, curiosity and wonder for chemistry as a subject and chemistry-related phenomena. This orientation was consistent with teacher candidates’ overall pedagogical aspiration in chemistry. Examples cited include:
“To be a better chemistry teacher I need to ensure that students are learning at both a cognitive level and evidential, experiential level. My own experience has been based more on theory-based learning and I want the practicum to provide the time and opportunity for a greater emphasis on the practical (experimental) side of teaching.”  Jack (pseudonym).
“I have a good understanding of the subject but want to be able to use and create evidential, lab-based experiences such as experiments and demonstrations that will be of benefit to students in their learning.”  Francis 
“I am very enthusiastic and have a great passion for the subject. I want students to have that passion. I want to make my teaching meaningful and interesting incorporating demonstrations, and hands-on activities. I want what is taught to have meaning for them.” Shelley
“My teaching orientation is focused on the students as learners. The content is important, but I’m more focused on them as learners and ways to get them to understand chemistry. (I want to develop) positive relationships with students and ways of teaching that they respond positively to what’s going on.”  Jessie
“I want to encourage student participation and engagement in chemistry. This means explain concepts in a variety of different ways at the micro-, experimental and theoretical levels. Labs, role plays, using the internet, experiments, demonstrations, discussions – all of these are ways I need to explore to expand their thinking and options for the future.”  Ken
Teacher candidate comments indicated that their aspirations for teaching were primarily associated with a more learner-centered approach to teaching focusing on developing student engagement, interest and learning in chemistry through the use of laboratory-based experiences and teaching strategies that fostered learning. No students made reference to an orientation that involved teaching didactically and emphasizing the acquisition of content knowledge.
b. Chemistry Specific Pedagogical Goals
Teacher candidates also expressed a desire to develop in specific pedagogical areas. These goals were specific to chemistry, yet likely to be applicable to all curriculum areas. Candidates cited a need to develop in their professional science knowledge base; a complex knowledge base commonly cited as an impediment or contributor to effective science teaching (Lewthwaite, 2004, 2005). Examples cited included:

“I need to develop my knowledge of chemistry concepts relevant to the Senior Years. As well, I need to develop my knowledge of strategies that expand student thinking.” Sue
“I need to broaden my thinking of chemistry and science in general – experiments, demonstrations, effective learning strategies.”  Sally
“I want to teach chemistry in an engaging manner. For me, that means knowing more about chemistry in the world around us and topics that are of interest to students.” Francis
“I need to increase my familiarity with the chemistry curriculum and its content. Also, I need to develop a better understanding of chemistry specific learning strategies and experiments.” Jack
“Having the experience of managing experiments and labs. Having a large class carrying out a lab and having it organized properly and being able to meet students’ demands – that’s what is important.” Ralph

Teacher candidates expressed their aspiration to possess a complex knowledge base required for teaching  chemistry; a knowledge base that has become of particular interest to science educators and policy makers both nationally (Gustafson, Guilbert, and MacDonald, 2002) and internationally (Lewthwaite 2000, 2001; Lewthwaite, Stableford & Fisher, 2001). Shulman (1986, 1987) identified seven knowledge bases as necessary for effective teaching most of which were identified by the teacher candidates. These include: (1) content knowledge, (2) general pedagogical knowledge, (3) curriculum knowledge, (4) pedagogical content knowledge, (5) knowledge of learners and their characteristics, (6) knowledge of educational contexts and (7) knowledge of educational ends, purposes and values. Of increasing concern to science educators, and critically important for the teacher candidates, was the role of pedagogical content knowledge as a unique knowledge base essential for effective science teaching. It addresses useful forms of representation, analogies, illustrations, examples, explanations and demonstrations that make selected science phenomena comprehensible to others (Shulman, 1986). Essentially, it provides teachers with knowledge of the strategies most likely to be fruitful in reorganizing the understanding of learners (Shulman, 1986). In line with Johnstone’s (1991) three modes of chemistry representation teacher candidates’ concerns were primarily associated with their pedagogical content knowledge ability to teach by providing experiences at the sub-microscopic and experiential, laboratory levels.
Overall teacher candidates recognized the need for a well-developed professional knowledge base that they perceived would provide the basis for the development of student’s personal engagement with chemistry and assist in developing an understanding of the nature of the skills, opportunities and knowledge associated with the discipline.
Factors Impeding or Contributing to Attainment of Aspirations

The Reflection-on-Action essay and follow-up interviews provided insight into teacher perceptions of the effectiveness of their teaching and the factors that had contributed or impeded the attainment of their developmental aspirations. Teacher candidates were provided the opportunity to teach chemistry on their practicum, albeit for four teacher candidates this was confined to the chemistry components of the Grade 9 or 10 provincial curriculum. Again, all teacher candidates’ aspirations were primarily oriented to a more learner-centered approach to teaching focusing on developing student engagement, interest and learning in chemistry through the use of laboratory-based experiences and teaching strategies that fostered learning. The following two sections provide insight into the several themes of factors that teacher candidates perceived either contributed to or impeded the attainment of these aspirations. As themes from the teacher candidates are presented, comments that characterize these themes are also provided. As well, the ideas purported by Bronfenbrenner and Lewin will be used to organize these themes. Both theorists posit that development is a joint-function of the individual and their environment. As might be expected, teacher candidates identified a variety of personal attribute and environmental characteristics influencing or co-determining their development.
a. Personal Attribute Factors


Teacher candidates were able to identify a variety of personal attribute factors (the ‘individual’ level of Bronfenbrenner’s model) that either impeded or contributed to their developmental success. These included:


i. Professional Science Knowledge
As might be expected teacher candidates’ professional science knowledge base was the major factor that either contributed to or impeded the attainment of their pedagogical aspirations. Comments included:

“This is a unit and topic I understand so it was not difficult for me to come up with ways to transmit the information. The most difficult task was to show these concepts at the molecular level. I don’t know many labs or demonstrations that apply.” Francis
“You set a goal to work at developing a repertoire that fits with your teaching goals and so many things get in the way. The frustration is first with my inability to put my finger on a way of making it meaningful for students. You need to be able to identify (evidential lab-based) experiences that show the idea and then effective ways to help them understand. The goal is there, it’s just having the means to get there.” Sue
“I’m just not their yet in chemistry. It’s knowing the chemistry, just having it there, and then being able to relate it to them (the students)…the content knowledge and how to get it across so it makes sense to them…just the different ways of getting it across.” Shelley
As mentioned earlier in this paper, teacher candidates’ primary concerns were reflected in the inadequacy of their pedagogical content and chemistry content knowledge. In line with Johnstone’s (1991) three modes of chemistry representation teacher candidates’ concerns were often associated with their ability to teach by providing experiences at the sub-microscopic and experiential, laboratory levels.


ii. Locus of Control. 
Teacher candidates frequently made reference to their sense of autonomy as teacher candidates in influencing what occurred over the practicum. Several perceived that they were constrained within their roles as teacher candidates by having little opportunity to focus on their developmental aspirations and, thus, succumbed to a manner of teaching incongruent with their aspirations.

“I essentially followed the directives of my collaborating teacher. Students were expected to take notes, complete worksheets and quizzes and do a test at the end of each unit. I did not feel comfortable doing things differently from how she conducted her classes, nor did I feel welcome to do so. I did not feel comfortable contravening, particularly at the beginning of the placement, when I was new.” Jack
“You just have a sense that it is really out of your hands. Do this today. Do it this way. There is no thought required and I wasn’t going to make any changes. I guess I could have.” Janet
Despite this constraint, a few candidates still held a strong locus of control; defined as having control over those things which one is capable of influencing (Rotter, 1954). Many teacher candidates were pedagogically constrained by their environments, a factor to be later discussed. Despite this, teacher candidates held different perceptions of the extent to which they could influence their environment. As suggested by Zimbardo (1985), a locus of control orientation is a belief about whether the outcomes of our actions are contingent on what we do (internal control orientation) or on events outside our personal control (external control orientation). Some comments indicating an internal locus of control included:

“He made it very clear about how I should teach some of these concepts. I didn’t agree. I had a large disagreement with him about the proper approach to teaching some of the concepts. I approached the teaching (practicum) as an opportunity to develop my own confidence with different teaching strategies. I respected him and his ways but I had to work towards developing my own ideas of what worked best.” Sally
“I wasn’t going to compromise. I know he’s well-respected and students do well. But, I wanted the students to think and really learn. They could regurgitate things but when prompted for more in depth answers, they couldn’t come up with meaningful particulate responses.  For me, I wanted to give students as many opportunities as possible to practice new skills, especially in linking information presented without a chance to practice the new skill is at best useless and at worst lost. I wanted them to work both conceptually and then algorithmically. They didn’t respond (positively) initially to my teaching.”  Ralph 



iii. Personal Motivation


Teacher candidates expressed varying degrees of motivation to achieve their professional aspirations during the practicum.

“Chemistry was the curriculum area on the practicum I wanted to focus on. The new curriculum, the new ideas I had - it was just at the right time. I was committed to it. I had a lot of drive to the teaching block.” Jack
“It was quite obvious that this wasn’t going to be really worth much effort. It was all laid out and I was content with that.” Sally
“Hey, maybe some kids think of it this way and others another way. I’m constantly thinking about these things and how to approach the topic the best. Chemistry’s like that. It gives you so many opportunities to approach topics in different ways. I’ll think of those avenues.” Jessie
Not surprising this motivation ultimately influenced efforts to achieve their developmental targets. Similar to other studies in science teacher development, the participants suggest that teacher interest and motivation are critical factors in influencing teacher development (Lewthwaite, 2001). 



iv. Clearly Identified Aspirations


All teacher candidates held developmental goals for their practicum. Despite this, only some identified that the possession of a clearly defined pedagogical aspiration actually became a contributing factor supporting teacher candidates in their development towards achieving their intended aspirations. As one teacher candidate stated:
“Well, the new curriculum fits with my philosophy. It was how I learned and it’s good to see this approach in the curriculum-working between the experiential, molecular and algorithmic. I wanted students to be able to describe the concepts in a molecular way having had some practical experiences first. I wanted to establish with these students.” Jack.
This teacher candidate identified that this aspiration became her developmental focus and aligned her efforts in accordance with this aspiration. Others suggested that the developmental aspirations dissipate as a result of their placement environment.

“You can have a philosophical goal – what you want to be. But, it doesn’t fit with the reality of the setting. I know what I want my teaching to be like (in chemistry) but the goal in this (very difficult because of motivation and management) is secondary to this. Their behavior impacts on the classroom and what you do. Common to all was their apathy to chemistry and school in general. They were full of life though and gave me a run for my money. So you can want to done these things (teaching for learning) but your primary focus is just on trying to make the environment positive.” Jessie
“It can go out the window (your aspirations for teaching). You know you’re no where close to what you want it to be like but the setting (topic, nature of the students, your own abilities) really comes into play.” Sally



v. Efficacy
Teacher candidates’ self-perceptions of their ability to perform the duties required of them on the practicum was a factor positively influencing their development. 

“This was going to be great. My own chemistry experience really lifts your confidence and just having that background experience to draw from. I’ve always been strong in the content and being a laboratory teaching assistant really lifts your confidence.” Jack
“The topic lent itself to the orientation I wanted to follow. I was confident I could approach it this way, even though I knew it would be a different approach from my collaborating teacher. I was fortunate the topic suited my background and experience.” Ken
This positive perception of their capabilities was an instigative characteristic that fostered their development. Teachers' sense of efficacy is a construct derived from Bandura's (1977) theory of self-efficacy in which the generalized behavior of an individual is based upon a personal belief about one's ability to cope with a task. Although some teacher candidates held a high perception of their capabilities to carry out their roles as chemistry educators, others were much more uncertain about their possibilities for success. The candidates recognized that their perceptions of adequacy were limiting factors. 
“It was hard to cope. I was really anxious about it and what she was expecting. It was an area I knew little about and I knew I had to perform and didn’t feel like that was much support. I was really stressed. You stay up late and this makes things no better the next day. It was better in the other class though (different grade level, more familiar topic and more supportive collaborating teacher).” Tom
Studies have shown that science teaching self-efficacy is related to the teacher’s positive experiences taking science courses with laboratory experiences and experiences in teaching science, while chemistry self-efficacy was related to chemistry course work involving lab experiences and chemistry teaching experience (Riggs and Enochs, 1990).  Teacher candidate comments affirm this generalization. Comments also indicated that teacher candidate efficacy was influenced by the level of support they received from their collaborating teachers confirming Bandura’s suggestion that self-efficacy is context dependent. 



vi. Interpersonal Capabilities

Teacher candidates also identified a variety of interpersonal characteristics that contributed to or impeded their developmental success. Examples cited included:

“I was a guest in his classroom and was given a lot of room to do my own thing. I didn’t want to upset things (pedagogically) and tried to work respectfully in that setting.” Sue
“They (the students) knew how to push my buttons. It comes to the point you realize you’re not going to change the situation but, instead, you have to be able to cope and have to be flexible in the situation. That is what became the priority.” Sally
“You have to be open and honest. I wasn’t happy with what he was expecting and I made it clear in a good way. It became a disagreement but we respected each other and in the end he came around to what I was trying to achieve.” Francis
“They (the collaborating teachers) were willing to give advice and I was open to that advice.” Ralph
These interpersonal characteristics would be best described as those that facilitated positive working relationships among students, teacher candidates and collaborating teachers. These characteristics promoted communication and negotiation in an environment of mutual respect.

In summary, the personal attribute factors influencing chemistry teacher development are likely to be common to teacher candidates in other curriculum areas. For example, a mathematics teacher candidate as well is likely to identify her mathematics pedagogical content or subject specific knowledge as personal instigative characteristics either contributing to or impeding the attainment of their pedagogical aspirations. Although these have been described as discrete characteristics, it is likely that some are inter-related and more important than others in influencing chemistry teacher development. As well, it is apparent that many of these characteristics are influenced significantly by environmental factors, suggesting a strong interplay between the personal attributes of a teacher candidate and the environment in which they are situated.
c. Environmental Factors

Teacher candidates were able to identify a variety of social and physical factors within their practicum microsystem, the innermost system of Bronfenbrenner’s bioecological model, which influenced their development as chemistry teacher candidates.
i. Collaborating Teacher Expectations

A major factor influencing teacher candidates was the expectation of their collaborating teacher. 

“Just having that schedule of your own. You’re constrained by the schedule set by your collaborating teacher. She’s grading you. If you screw up on the timeline, her organization, you know you’re going to hear about it. I’d like to be able to try things out on my own, have a day here to try this. I wanted to work to do more hands-on engaging activities but you just don’t have that liberty when it’s not your class.” Francis
 “I felt I had little choice in how to approach the topic. I wasn’t encouraged to do it any other way than the way she did it.” Sue
“I wasn’t really told what to do. This was the topic. This was what needed to be done. I knew there were some time restrictions but nothing else was required.” Sally
Clearly, some teacher candidates were in environments that constrained their opportunity to work towards the realization of their developmental goals. Others worked with collaborating teachers who were quite benign in their influence on teacher developmental aspirations.
“During the entire time I was pretty well on my own. When I (finally) did get some advice it was over the smallest detail – really, give me a break here!” Ralph
“I didn’t really feel that this (chemistry) experience was important to them (collaborating teacher and faculty advisor). I was never observed or given much feedback. It wasn’t a priority – maybe it was that “I” wasn’t a priority.” Sally
It was uncommon for teacher candidates to work with collaborating teachers who were highly constructive in influencing chemistry teacher development, a.

“I found out he hadn’t been teaching long and I thought I might not pick up too much from him……like, that’s what I need right now, right? But then I changed my mind. He had the same approach to teaching chemistry and we were able to look at the teaching and consider how you might go about it. It was like a collaboration. It had a huge (positive) effect. There were (some) time restrictions but overall he gave me a lot of room and support. I wouldn’t say a lot of knowledge about how to approach it but at least we could discuss it together.” Jack
ii. Student Expectations

Teacher candidates also recognized that their students’ expectations, another constituent of the microsystem, also influenced the attainment of their developmental aspirations.

“I did assign review worksheets to review concepts covered. The students complained bitterly to both myself and my collaborating teacher claiming that what I was asking was unreasonable. They couldn’t see the benefit in working to deeper understand the ideas. The collaborating teacher backed up the students, telling me that they were stressed out and couldn’t be expected to complete any assignments (even though the work helped them to understand).” Francis
“Chemistry wasn’t interesting (to them) and what I wanted to do was just interfering with their expectations. Just give us the notes and give us the questions and let us work –chemistry isn’t supposed to be interesting. They do not like and do not respond well to change.” Sue
Teacher candidates understood that their students’ expectations were largely a reflection of the classroom learning environment characteristics defined by their collaborating teacher.
iii. Collaborating Teacher & Faculty Advisor Professional Science Knowledge

Teacher candidates commonly cited their collaborating teacher’s professional science knowledge as a factor influencing their developmental success. They seldom cited the knowledge base of their Faculty Advisors as a positive factor influencing their development success.
 “Last year I had a collaborating teacher that was exactly what I wanted to be as a teacher (She goes on describe what he was like as a person in his positive relationships with students and also they way he taught which both engaged students and fostered learning). I learned so much about myself and what I wanted to be as a teacher by observing him. Not only by what I saw but also about what he was able to say about teaching. This year, I was just on my own. There really wasn’t anything said or done that had any real affect on me. She’d support me…you know, (She’d say) “That was good” but there was nothing there. There was not much there that gave me instruction and guidance.” Sue
Teacher candidates were able to identify that their development was influenced by the professional science knowledge of their collaborating teacher. This knowledge was either communicated through conversation or observed through their collaborating teacher’s teaching practice. Similarly, some teacher candidates identified that their collaborating teacher was able to contribute little to their professional development. 
“I wanted to do a better job (with teaching this unit). I became the dreaded “Miss Notes” (referring to using a didactic teaching approach). When they (Faculty Advisors) do know the subject and ways of teaching they can contribute and give more positive feedback. They give some general (pedagogical) advice and they try hard to give advice but without familiarity it’s just not there. So, both (Faculty Advisor and Collaborating Teacher) mean well but they didn’t offer much that really helped with the situation (dealing with an abstract chemistry topic).” Shelley
“She was really supportive. But, the communication is at a pretty basic level. We discussed things but when I was considering how to do something different I couldn’t look to her for that much advice [takes time to give an account of a difficult concept to teach]. I know they benefited from my seeing the way I approached things. You want to work at a more conceptual level and that is not necessarily a level that many teachers are working at.” Jessie
iv. Collaborating Teachers’ & Faculty Advisors’ Capabilities in Encouraging Reflection-on-action.

As previously mentioned, a reflective teacher is able to encourage teacher candidates to consider their development in the context of their past experiences, personal purposes and aspirations and subject matter requirements (Henderson, 1992). Henderson furthermore asserts that a reflective teacher must work within an environment that promotes a constructivist approach to learning and development. Only one teacher candidate expressed indication that they were working within such an environment where they were being encouraged or required to reflect-on-action as a form of systematic enquiry specifically within their chemistry teaching context (Baird, 1992; Schon, 1988). As an example,
“He’d encourage me to consider how it might be approached and we’d discuss my ideas. He wanted to learn from me as well. We saw is as a co-operative thing. I look back on it and think, he’s young and just been out for a couple of years, but already getting me to think about how I’m approaching it. We’d work it out - kind of negotiate the way to approach it. I gave it lots of thought and knew he wanted me to. I don’t think he had all the ideas about how things might best be done but at least he was encouraging me to think about that.” Ralph
Some teacher candidates recognized that their Faculty Advisors advocated a reflection-on-action approach, but were largely unable to contribute to any systematic enquiry that might have been promoted if they had a better understanding of chemistry teaching pedagogy. One candidate did suggest that her collaborating teacher was encouraging her reflection to be supported by her understanding of this pedagogy and acknowledged that this was a positive means of evaluating her own development.
 “She encouraged me to think of my philosophy to teaching chemistry and how I was actually teaching. That was good. I was using it as my guide anyway but she was able to get me to evaluate my effectiveness and success (according to this) and this was good. I was glad that the means of evaluation was on a foundation that I had set for myself. She was helping me to self-evaluate.”  Tanis
v. Interpersonal Capabilities of Collaborating Teacher & Faculty Advisor

It is not surprising that the interpersonal characteristics and capabilities of the collaborating teacher and, to a lesser extent, the faculty advisor were major microsytem factors influencing teacher candidate development. Ralph (2002) cites the mismatch between teacher candidate and collaborating teacher personal characteristics as a significant factor influencing teacher candidate development. Examples cited included:
“She was just very quiet. She didn’t really offer any suggestions. I’m pretty open and require feedback. Sometimes I just wanted her to just tell me something to work on rather than to just say, “That was good.”” Jessie
 “And if you fell behind, he would start yelling. That’s what it was like. You feel really intimidated and stressed. Not a good situation.” Brent
Most teacher candidates indicate a desire to work in settings where there is an open and constructive communication focusing on identifying areas of teacher candidate strength and requirements for development. Similarly teacher candidates sought collaborating teacher commitment and interest in their development as teacher candidates.
“I think he felt that just giving me the opportunity to teach his class was enough. Anything else was just putting him out. Knowledgeable? Yes. Really interested in me professionally? No.”  Sally
vi. Curriculum Requirements

Teacher candidates expressed that the curriculum requirements (a component of Bronfenbrenner’s macrosystem) they were required to address also influenced their ability to attain their developmental aspirations. 
“This is a very heavy unit in terms of content and there is only so much time to do what is required. Ultimately it has to be covered and that means compromising on how you might teach. It is less than ideal. In my own setting I’d take the time.” Francis
“It’s not a very interesting topic. I don’t think it lends itself to the orientation of the new curriculum. It’s very algorithmic - just emphasizing the formulas and stuff.” Tom
vii. Physical Setting

Similarly, the physical classroom setting in which they taught influenced teacher candidate development.

“It was a new science classroom but it was a really awkward environment to teach in. You always had to keep in mind whether they’d be able to see and sometimes it just wasn’t practical to do the things (practical activities) you would like to.” Sally
viii. Resource Support
Since teacher candidates’ aspirations were closely associated with providing students with concrete laboratory experiences, the resource adequacy of their teaching environment either supported or constrained the attainment of their chemistry teaching aspirations. 
“I think my ability to achieve my goals was successful overall because I had the resources to demonstrate many of the concepts that I was teaching. I had the resources to allow the students to investigate the ideas we were covering.” Francis

In summary, teacher candidates were able to identify a variety of social and physical environmental factors primarily within their practicum microsystem that contributed to or impeded their development as teacher candidates. In line with Bronfenbrenner’s bioecological model, teacher candidate development can be seen to be strongly influenced by individual instigative characteristics and the environment in which the individual is situated and the interplay between these factors. Equally, as Bronfenbrenner suggests the most proximal sphere or setting, the teacher candidate’s microsystem, including the chemistry collaborating teachers as well as chemistry students and, to a lesser extent, faculty advisors had the most significant influence on teacher candidate development. Not examined extensively in this inquiry is the acknowledgement that, as Bronfenbrenner suggests, supporting processes within these overlapping environments, especially the microsystem, are ‘engines’ for development. Simply put, things can ‘come together’ just at the right time for an individual teacher candidate but, potentially, not for all. As well, Bronfenbrenner (1997) further suggests that these engines are context-, time- and process-dependent. This implies that the factors that influence a teacher candidate’s development cannot be generalized but, instead, are multi-system in nature and unique to each setting taking into account each teacher’s personal attributes; the context in which the development takes place; the time at which the development process is occurring; and the processes each person experiences in fostering successful science curriculum delivery. 
Conceptualizing the Factors Influencing Teacher Candidate Development
Learning Environment research focuses on not only understanding but also systematically conceptualizing the personal attribute factors and environmental characteristics that influence learner success, in this case the development of chemistry teacher candidate pedagogical aspirations. Figure 1 illustrates a systematic representation of the factors identified in this study as contributors or impediments to chemistry teacher candidate development. The grid does not take into account that many of these contributing and impeding forces are in turn, as Harvey (2002) suggests, products of other co-determinants such as school divisional final examination policies. Nonetheless, column one of the self-evaluation grid represents the individual chemistry teacher candidate personal attribute factors and, column two (when the gird is rotated), the microsystem environmental factors that have, in this study, invited or inhibited teacher candidate engagement in sustained, progressively more complex interactions with their teaching environment. 

In line with the format of most Learning Environment instruments (Lewthwaite, 2001), each factor or attribute has been expressed as an ‘item’ in the form of  a statement that a teacher candidate can answer to self-identify their level of agreement on a five-point Likert-type scale. That is, do they strongly agree, agree, neither agree nor disagree, disagree or strongly disagree with the statement. Teacher candidates can shade in their level of agreement with the statement. By so doing teacher candidates are able to visually see the preponderance of factors either contributing to or impeding their development in their practicum. The grid makes no attempt to distinguish among these factors in terms of whether some factors have more influence in influencing success than others. Instead, it simply suggests that each factor does influence development.
Figure 1: Chemistry Teacher Candidate Developmental Profile Self-Evaluation Grid
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An example of a completed template from one teacher candidate involved in this study is included in Figure 2. The self-evaluation grid indicates that this teacher candidate possesses a significant number of personal attributes that contributed to the fulfillment of her developmental aspirations as a teacher candidate. That is, she possessed many personal attribute characteristics that were likely to identify her as possessing a propensity for success. Her placement environment was characterized as ‘benign’ as most of the environmental characteristics did little to contribute constructively to her development, yet, do not work destructively against her development. That is, the environment did not have a high propensity for supporting developmental success. The diagonal line drawn between the Personal Attribute column and the Teacher Candidate Placement Environment suggests that the teacher candidate is likely to have had considerable, yet not tremendous, developmental success on her placement. This level of developmental success was a result of the interplay between her placement environment and personal attribute characteristics. 

Summary

This study has focused on understanding the processes influencing chemistry teacher candidate development through teacher candidate perceptions and reflections of their practicum experiences. It is based on the premise posited by Lewin and Bronfenbrenner that human development is a joint function of both individual instigative characteristics and the environment in which the individual is situated. It emphasizes that individual attributes and characteristics of the environment, in particular the microsystem, have the ability to enable or constrain chemistry teacher candidate development. Furthermore, it has endeavored to both identify and systematically represent these attributes in a format that allows teacher candidates to self-evaluate and reflect-on-action. By so doing teacher candidates are able to self-evaluate their progress and systematically identify contributors and impediments to their development.

This research project, in its subsequent phases, will evaluate the effectiveness of mechanisms collaboratively decided and implemented by teacher candidates, collaborating teachers and faculty personnel to enhance the development of teacher candidates. The author anticipates that in the academic year ahead a new cohort of chemistry teacher candidates will, first, utilize the self-evaluation grid to reflect on the Year One practicum experiences to evaluate their progress and help identify potential factors that may impede or contribute to their development in their Year Two practicum. Second, the grid will assist in formulating their systematic enquiry in the Reflection-on-Action assignment in the Chemistry Curriculum and Instruction course and by so doing gain a better understanding of their level of success on practicum as well as understanding what has influenced their development. Specifically, it will allow them to identify and address those personal attribute characteristics that are influencing their development and become more aware that their environment both positively and negatively influences their developmental success. Third, it will allow teacher candidates the opportunity to develop a heightened awareness of how the placement environment impacts on teacher candidate development, a role they are likely to influence in their future roles as collaborating teachers. Forth, and more importantly, it will assist in informing members of the teacher candidate’s microsytem, especially the Collaborating Teachers and Faculty Advisors of how they can more effectively assist constructively in fostering teacher candidate development. As well, it will assist the faculty in identifying risk and constructive environments and assist in the development of more constructive environments for teacher candidates within our school system. This information is useful for a variety of purposes; the most important being the purposeful placement of teacher candidates in constructive settings in the future. 

As mentioned earlier in this paper, consistent with action research methodology, this inquiry in its totality is focused on improving the quality of an organization and its performance based on the collaborative design of a methodology and its implementation followed by an analysis of data and evaluation to improve practice (Lewin, 1951). By treating teacher candidates as human and acknowledging that their development is a joint function of both one’s personal characteristics and to the situation in which one finds oneself, mechanisms that encourage the development of teacher candidates can be identified and fostered.
Figure 2: Completed Chemistry Teacher Candidate Developmental Profile Self-Evaluation Grid
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