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Mentoring is the centerpiece of science teacher induction.  Mentoring typically involves an experienced teacher working with a novice teacher to improve his or her teaching performance relative to salient aspects of science instruction (Luft, 2003).  Mentor teachers are selected based on their success in the classroom, caring personality, and willingness to work with novice teachers, but not necessarily on their understanding of how to guide the professional development of novice teachers. 


The professional development of novice science teachers is further hampered by local support systems.  The veteran teachers and administrators who support novice science teachers often lack an adequate understanding of contemporary science education epistemological beliefs and practices, undermining the work of even the best science teacher education programs (Recesso, 2004).  The understandings and values emphasized by school-based mentors may not support and may possibly contradict the reform-based teaching and learning practices proffered by the science teacher education community. For science teacher induction to function as the bridge between the world of science learning and the world of science teaching for novice teachers, it is clear that more needs to be known about the science mentoring process and what can be done to improve the school-based mentoring of novice science teachers.  Research on teacher beliefs suggests that knowledge of the beliefs about mentoring held by science teacher mentors and their protégés may further our understanding of the science mentoring process (Bryan, 2003; Richardson, 1996).

Purpose and Research Questions

The purpose of this study was to investigate science teacher mentors and protégés’ beliefs about mentoring and their mentoring actions.  Our research questions were:  What are the beliefs about mentoring held by science teacher mentors and their protégés?  What is the relationship between the beliefs held by science teacher mentors and their protégés and their mentoring experience? 

This study is part of a larger research effort to investigate the nature of the school-based mentoring experiences of novice physical science teaches and how these experiences support their professional development.  The context for our work is the University of Georgia’s Program for Alternative Certification in Secondary Science (PACSS), where, typical of most alternative certification programs, students spend more time interacting with their school-based mentors than with their university instructors and field supervisors.  We view mentoring as a special form of teaching, where the mentor attempts to guide the professional development of the protégé.   

Theoretical Framework

Two bodies of theory and research helped to frame our questions and methodology.  The first is the literature on teacher mentoring, which is nested in the perspective of situated cognition.  The second is the literature on teachers’ beliefs and the relationship between teachers’ beliefs and their teaching actions. 

“Situated in practice and in a relationship with an experienced educator, mentoring has the potential to foster powerful teaching and to develop the dispositions and skills of continuous improvement” (Feiman-Nemser, 2001, p. 28).  As powerful as it may be, the influence of mentoring is only as successful as the relationship between the mentor and protégé.  How the mentor and protégé define their roles and their daily actions help determine the successfulness of mentoring experiences (Abell, Dillon, Hopkins, McInerney, & O’Brien, 1995).  

Keys and Bryan (2001) reported that beginning science teachers’ beliefs about the nature of science, student learning, and the role of the science teacher influence their efforts at planning, teaching, and assessing student learning.  The beliefs of beginning science teachers are also pivotal to understanding their classroom-related decisions and actions (Bryan, 2003; Ramsey-Gassert, Shroyer, & Staver, 1996).  These beliefs have their origins in novice teachers’ personal experiences, experiences with schooling and instruction, and can be changed through socialization, experience, and teacher education programs (Richardson, 1996).   Other studies showed that beliefs are not just important in learning to teach, but also affect the decisions and actions of veteran teachers.  In particular, veteran teachers’ beliefs about their subject matter and teaching contribute to their curricular and instructional decisions (Grossman, Wilson, & Shulman, 1989; Peterson, Fennema, Carpenter, & Loef, 1989).  Russell (1988) also reported that examination of teachers’ metaphors was helpful in discerning their conceptions of subject matter and beliefs about learning to teach.

Research Context and Methods

This paper reports on the beliefs and mentoring experiences of a mentor, Michael, and his protégé, Paul.  Michael and Paul are Caucasian males who, at the time of the study, taught at the same high school in a metropolitan area in the southeastern United States.  Michael is about 55 years of age and in his 27th year of teaching.  He has taught chemistry and physics for all of these years and has taught at the school where the study was conducted since it opened, 17 years earlier.  Michael conducts Advanced Placement physics training sessions in the summer as a consultant for a major educational business.  He is considered to be an excellent teacher by students, fellow teachers, and school administrators.

Paul is about 40 years of age and received his undergraduate degree in physics from an Ivy League college.  He worked in an engineering-related business for several years before considering a career change.  At the time of the study, Paul was enrolled in an alternative secondary science certification program at a major state university while teaching physics and chemistry full-time on a provisional teaching certificate.  

Data Collection


We investigated the participants’ beliefs about mentoring and their mentoring practices in a series of audio-taped interviews.  The interviews were semi-structured; researchers began with a list of interview questions, but used participant responses as the foundation for in-depth probing of their emerging understandings (Merriam, 1998).  Over the course of five months, Michael participated in two interviews and Paul participated in three.  We also collected data in the form of video-taped mentoring sessions and lessons taught by Paul and artifacts of mentoring, including lesson plans reviewed by Michael and tests and laboratory worksheets given to Paul by Michael and modified by Paul.

Data Analysis

The methodological framework guiding the analysis of the data is a combination of open coding and narrative data analysis.  These inductive means of data analysis allowed critical themes to emerge out of data (Patton, 2002; Hoepfly, 1997).  During open coding “concepts [were] identified and their properties and dimensions [were] discovered in data” (Strauss & Corbin, 1990, p. 101).  The findings from each participant’s interview were further organized into four distinct categories that also emerged during open coding of the data:  Teachers’ Background, Beliefs about Teaching, Beliefs about Mentoring, and Teaching a Specific Lesson, that also emerged during open coding of the data.  Narrative analysis was used to gain an understanding of each individual’s actions and interactions (Polkinghorne, 1995) in the mentoring relationship.  The category of Beliefs about Mentoring is the focus of this paper.  Participants’ data from this category were summarized and represented through the case of Michael and Paul. 

Findings

Presented below is the case of Michael and Paul.  The case is organized into sections on Paul’s beliefs, Michael’s beliefs, and their mentoring experiences.  The beliefs highlighted in this case include those held by Paul and Michael about science teacher mentoring, including those beliefs related to expectations for mentor and protégé and the ideal science mentoring relationship.   

Paul’s Beliefs About Mentoring


Paul views mentoring as a relationship in which the mentor provides the novice teacher with teaching resources and constructive advice.  He expects to receive from Michael, his mentor, lesson plans that present “a very clear idea of what I am suppose [sic] to do” along with descriptions of activities to carry out with classes and overhead transparencies that can be used during particular lessons.  The advice that Paul wishes to receive from Michael is reflective of Michael’s own experiences as a veteran teacher of chemistry and physics.  Paul believes that Michael should observe him teaching and offer advice based on what he observes happening in Paul’s classes.  Paul also wants Michael to demonstrate teaching practices that he could copy or use with modifications.  However, Paul fully expects that these forms of scaffolding will be slowly withdrawn as time passes and he becomes more proficient in planning and instruction.    

As Paul sees it, his role in the mentoring relationship is to receive advice from Michael and apply it in ways that he considers appropriate.  Paul believes that the advice that he receives from Michael should focus on his “mistakes” and take the form of “constructive criticism”.  According to Paul:

Cause [sic] everybody knows that student teachers and beginning teachers, in general, make a lot of mistakes and I would think that the most effective way to get a person to be in a place where they’re making a lot fewer mistakes would be just to help them see where their mistakes are and to suggest ways of not making them again.          


Paul’s need to receive teaching resources and constructive advice from Michael are based on his vision of science teacher as presenter of content information to students.  As a presenter of content, Paul’s need for assistance centers on him and his teaching and not on his students and their learning.  His focus is clearly on the dilemmas that he faces as a teacher of chemistry and physics.      

Paul articulated his beliefs about mentoring in a metaphor in which he described himself and his mentor as violinists in an orchestra.  Paul views his mentor, Michael, as the orchestra’s first violinist and himself as the second violinist.  Just as the more experienced and proficient violinist could help an less proficient artist improve his musical performance by pointing out technical errors and ways to correct them, Paul believes that Michael can help him improve his teaching performance in much the same way. 

Paul’s metaphor seems to encapsulate his view of science teacher mentoring as a process by which a veteran teacher provides teaching resources and advice about teaching.  The resources may include lesson plans and teaching materials, such as worksheets and laboratory instructions for students along with the equipment and chemicals to conduct demonstrations and laboratories.  The advice may or may not be perceived by Paul as useful, but is always directed toward improving Paul’s teaching performance.

Michael’s Beliefs About Mentoring

As a result of his experiences in the classroom and in school-based induction efforts, Michael feels that he understands the concerns facing novice teachers.  He points out that there is much that veteran teachers can do to help novices overcome the anxiety associated with teaching, in addition to addressing concerns of classroom management and the logistics of school policy and paperwork.  Michael firmly believes that as a veteran of the classroom, he is ideally situated to offer constructive criticism and positive feedback to novice teachers like Paul.  He feels very comfortable in discussing his own classroom experiences with Paul and he likes to use his stories of practice as a non-directive way of offering advice. 

Two ideas are central to Michael’s notion of science teacher mentor.  The first is that a mentor is not an evaluator.  Michael views teacher evaluation as the job of the school administration and believes that any attempt to combine the roles of mentor and evaluator will undermine a mentor’s effectiveness.  The second idea is that experience in the classroom over time is the key to the development of teaching expertise.  In Michael’s words, “And that [learning to teach] just comes with practice.  You know if you know your material and if you feel comfortable in the classroom, then you can start doing the next [lesson].”   The value of classroom experience as the mechanism by which teaching expertise develops is, in Michael’s view, predicated on the teacher having a well-grounded understanding of the content to be taught.  

When contemplating his work as mentor, Michael recognizes that prescriptive advice does not exist for resolving the multitude of classroom dilemmas that Paul may face.  Michael is fully aware that teaching strategies that may work exceptionally well for him, may not work at all for Paul.  For this reason, Michael prefers to offer guidance that allows for considerable latitude in direction.  Michael believes that the kind of guidance that he provides Paul should encourage learning experiences that include opportunities for success as well as failure.  As Michael put it:

It might be easier for him if [I] simply said, “You’ve got to do this everyday.”  But, he wouldn’t become a teacher…So, he needs to sink or swim.  You know, I think it is much better to say these are the [county standards] we want to cover.  We’re going to do it in the next two weeks.  Here’s a lab that I do.  I generally do one lab on this and I found out that I can teach the content, review the content, do a lab on this content, and give a test in this time frame.  Now, you figure out what works for you in that time frame.  

Michael believes that his approach to mentoring emphasizes the importance of novice teachers, like Paul, standing on their own feet and making their own decisions.  These are characteristics that Michael views as essential for the long-term success of all teachers. 

Michael’s view of mentoring is closely aligned with his conception of teaching as a process of providing opportunities for learners to enhance their knowledge and skills.  In his classroom, Michael’s students are expected to take responsibility for their learning and to ask questions if they don’t understand what is addressed in a lesson.  They are also challenged to “complete all work to the best of your ability,”  “recognize that performance counts,” and “be successful,” which Michael acknowledges, “requires consistent and dedicated work.”   

Like Paul, Michael also described his beliefs about mentoring in a metaphor.  Michael’s metaphor is that of a shepherd and a flock of sheep in a vast meadow surrounded by distant mountains.  Michael sees himself as the shepherd who does not direct the foraging of individual sheep, but whose job it is to keep each individual in sight and protected from danger.  He views Paul as one of the sheep that is wandering the vast meadow.  Like the shepherd, Michael sees it as his responsibility to keep Paul from endangering himself and his students while allowing Paul to experience the many learning opportunities associated with first-time teaching. 

Michael’s metaphor highlights his beliefs about mentoring.  For Michael, mentoring involves providing learning opportunities for Paul.  Michael does not think a mentor should tell the novice teacher how to teach, but believes that telling about his own experiences may function to help Paul consider options for dealing with issues of practice.  Michael firmly believes that experience is the best teacher and strives to allow Paul to experience both success and temporary failure.  He expects Paul to find his own teaching style through the experience of planning and teaching lessons.       
The Mentoring Experience

Paul and Michael did not share a common planning period and their classrooms were located some distance apart on different floors of the school building.  These factors combined to restrict their meeting time to before and after school and, on occasion, between classes.  Both Paul and Michael recognized the influence of time to meet on their mentoring relationship and Paul’s professional development.  According to Michael, “Well the, the challenge, the challenge is finding the time that we can really sit down and have more than five or ten minute discussion on what’s going on.”   Despite the limits on their time, Paul and Michael arranged to meet with some regularity.  Their meetings occurred before 7:00 AM between two and three mornings a week in Michael’s classroom.  The conversations during these brief, early morning meetings often centered on attendance forms, grade reports, and other paper work due to the school office on that day or later in the week.  

When their conversations shifted to topics of teaching, it was clear that Paul and Michael had different concerns about science teaching and understandings about how Michael’s mentoring could advance Paul’s development as a teacher of chemistry and physics.  Paul expressed his desire for Michael to provide constructive criticism based on his observations of Paul’s lessons.  However, Michael did not observe Paul teach in person but provided suggestions to Paul for improving his teaching based on Paul’s descriptions of what occurred in his lessons and his viewing of selected video clips.  Michael’s suggestions would more often than not be accompanied by the proviso that “learning to teach comes with time”.  This proviso did not resonate well with Paul’s expressed need to receive recommendations from Michael for quick fixes for his most pressing classroom problems.  Paul expressed his frustration with the lack of what he considered to be useful advice from Michael in this statement:

Too often the fine line is we just have to do it for a long time to get the feel for it. And, while I can appreciate that may be the case, you know if there were some other kind of answer it might be more helpful. . . And you know I need to have patience and realize that all of these things, I’m not going to be able to address real soon and just realize that.  And actually I have an appreciation of it but internalizing that is a little bit more challenging. . . So, you know, some, it might be nice if he sometimes said you just have to know, but here are some hints to look for.

Michael considered the advice that he gave to Paul as sound and at the appropriate level of specificity.  Not wanting Paul to become overly stressed by dwelling on his teaching shortcomings, Michael chose to describe how he had in the past addressed some of the dilemmas of teaching that Paul was experiencing.  During one meeting, Michael responded to Paul’s concern about students standing up and walking around during a lecture.  Michael described how he had insisted that a student in one of his classes, who had done the same thing years before, remain standing throughout the entire class period.  Michael described his actions as logical consequences and said that it curtailed this misbehavior in all his classes when word of his actions began to spread.  Michael ended his response to Paul by saying that this way for handling the problem may not work for you, which left Paul still struggling to decide on a strategy for addressing his concern.  

Paul found the stories told by Michael in response to his requests for advice as entertaining and at times intriguing, but not always helpful.  Michael saw the stories of his own experiences as vicarious teaching episodes from which Paul could develop strategies to address his own dilemmas of practice.  As Paul revealed in an interview, he recognized that Michael was providing him with a host of suggestions for improving his teaching.

I think I have the maturity to understand for me to do things differently and to have a good idea of what I can do and what is liable to work for me.  So, it’s more matter of me being able to see what the options are so I can pick one and try it and you know, this showing me what he does saying listen I do this and that and that and that.  Out of those four things, you know how many of those can I do and how many of those do I want to do?

Even though Paul sometimes benefited from Michael’s mentoring, he was frustrated by it.  Paul requested that Michael provide specific suggestions to help him solve his immediate problems.  However, Michael was reluctant to give specific advice, preferring to offer options that would prompt Paul to analyze and resolve his own problems.  Michael viewed Paul developing the capacity to analyze and resolve his own problems as a step toward Paul developing his own teaching style.    

Discussion

We discussion of the implications of the findings relative to our two research questions are presented below.  We conclude this section with a brief statement on the implications of our work to science teacher mentoring.

Beliefs about Mentoring

Our findings reveal that Paul and Michael hold different beliefs about science teacher mentoring and that their beliefs about mentoring are linked to their understandings about how one learns to teach.  Paul believes that a mentor should be the source of advice and teaching resources that are in direct response to the immediate needs of the novice teacher.  Paul’s vision of the ideal mentoring relationship is for the advice and teaching resources to be provided based on the mentor’s assessment of the novice teacher’s errors of practice.  By correcting mistakes based on feedback provided by a mentor, Paul believes that he can quickly become a competent and confident teacher of chemistry and physics.  In contrast, Michael believes that it is the mentor’s job to provide the protégé with learning experiences that will facilitate professional development.  These learning experiences should involve opportunities for success and short-term failure.  From Michael’s perspective, developing the understandings and skills germane to science teaching can only occur over time.  

The metaphors generated by Paul and Michael further highlight differences in their beliefs about science teacher mentoring.  Paul’s metaphor of violinists in an orchestra suggests a hierarchical relationship between mentor and protégé, where the mentor is an expert in all matters pertaining to teaching who offer prescriptive solutions to all the protégé’s problems of practice.  Michael’s metaphor presented a very differ perspective of the mentoring process.  In his shepherd metaphore, Michael feels more comfortable allowing teachers to explore the domain of teaching than he does giving prescriptive advice.  He wishes to function as a safety net for Paul as Paul works to develop this own teaching style.

Relationship between Beliefs and Actions        

Our findings also indicate that the mentoring-related actions of Paul and Michael are in many ways consistent with their beliefs about mentoring.  Paul’s beliefs about mentoring led him to request that Michael observe his lessons and provide him with feedback to help him improve his teaching.  As Paul perceived no weaknesses in his knowledge of chemistry or physics, his requests for assistance centered on issues of student behavior and the administrative tasks associated with teaching.  Paul’s questions about his work as a teacher tended to be situation specific.  He wanted Michael to provide precise answers that he could use to make adjustments to his lessons, meet the school administration’s demands, or modify student behavior.  When this kind of advice was not forthcoming from Michael, Paul became frustrated.  

Michael’s interactions with Paul showed consistency with his beliefs about mentoring through the way in which he offered advice.  Rather than answering Paul’s questions by telling Paul what he should do, Michael was very nondirective in his mentoring approach.  In several ways, Michael’s mentoring practices are in line with the ultimate aim of mentoring as it is described by Glickman, Gordon, & Ross-Gordon (2005, p. 157).  According to these authors, the ultimate aim of mentoring “should be reflective, autonomous teachers facilitated by nondirective supervision.”  Michael’s view of science teaching as a complex enterprise led him to not be prescriptive in his advice to Paul but to describe his own experiences with dilemmas of practice.  He expected Paul to derive meaning from these descriptions and apply them to his own practice.  

The success associated with the kind of mentoring in which Michael tried to enact is in large measure dependent on the protégé’s level of development, expertise, and commitment and the nature of the situation (Glickman, Gordon, & Ross-Gordon, 2005).  It seemed that his desire was to help Paul develop to a point at which he could assume full responsibility for his own instructional improvement, but Paul was not prepared to fully benefit from Michael’s nondirective mentoring approach.  While we sensed that Paul was committed to becoming a teacher of chemistry and physics, Paul seemed to have difficulty defining problems, responding to problems, and accept decision-making responsibility, preferring to have Michael take on these functions.  He also found starting his teaching career as a mid-year replacement an added burden, because the school’s beginning teacher induction activities were not oriented to his needs and concerns.

Our findings also indicate that Michael’s mentoring approach was not well suited to help Paul.  Michael’s stories of practice reflect teacher’s ways of knowing and thinking, but are not aligned with the traditional atomistic and positivistic approaches to solving problems associated with the sciences.  According to Carter (1995, p. 6), stories are “particularly suited to explicating the issues with which we [teachers] deal.”   As a veteran teacher, Michael used stories in attempting to help Paul understand the complexity and interconnectedness of teaching and learning.  However, as a novice teacher, transitioning from the world of science and engineering, Paul was not able to benefit from Michael’s story-based mentoring.     

A more successful outcome of the mentoring experience may have resulted if a developmental approach had been applied.  In a developmental approach to mentoring, three factors are considered:  

What is the best entry-level approach? 

How should the chosen approach be applied? 

How can the mentor foster teacher development while gradually increasing teacher choice and decision-making? (Glickman, Gordon, & Ross-Gordon, 2005, p. 157).  

We believe it would have been better for Michael to begin his mentoring work by striving to understandings Paul’s point of view and asking for his input regarding his personal goals for his own teaching and his students’ learning.  Michael would have been better able to understand Paul’s point of view had he observed him teach in person, asked questions about what he observed, and considered how Paul’s ability to analyze and resolve teaching-related problems may be influenced by his recent science and engineering experiences.

We also believe that Paul would have initially benefited from a directive approach in an informational environment—where the mentor tells the beginning teacher what can be done to improve instruction (Glickman, Gordon, & Ross-Gordon, 2005, p. 156).  Operating within this directive informational framework, Michael could have used his knowledge of chemistry and physics teaching to offer specific advice to Paul in a format  that does not involve story telling.  We speculate that if Paul had experienced some early teaching success that he attributed to Michael’s mentoring, he might then have been receptive to Michael introducing new information about students and their learning and possibly establishing goals for Paul’s continuing professional development.  These goals could have become the targets of Paul and Michael’s work together, facilitating a shift in their mentoring relationship from directive to collaborative. 

Conspicuously missing from our data is evidence that issues of science education reform were the focus of Michael and Paul’s mentoring experiences.  Topics such as inquiry, alternative assessment, “less is more,” and student’s misconceptions were addressed in the alternative secondary science teacher education program in which Paul was enrolled.  However, Paul and Michael never talked about these topics or others associated with science education reform during their mentoring conferences.  We can only speculate that science education reform is not an element of Michael’s thinking about science teaching and learning and that Paul sees no relationship between his teaching and what he is learning through his certification program.   

The findings of this study also reinforce the critical role that proximity and time play in the mentoring process.  As Boreen and Niday (2003) point out, the lack of meeting time for mentors and protégés is the most significant impediment to mentoring success.  The distance between Michael and Paul’s classrooms made it difficult for them to engage in spontaneous exchanges about Paul’s teaching.  The time available to Michael to observe Paul teach and meet with him to discuss his teaching no doubt contributed to Paul’s frustration and lack of professional growth.   

Implication for Science Teacher Mentoring


 Our study highlights the importance of mentors and protégés developing understandings of their partner’s background, needs, and preferences at the outset of the mentoring experience.  We can only guess about the affect on Michael and Paul’s mentoring experiences if they had taken the time to discuss their expectation for each other and the activities and outcomes they associat with their ideal mentoring relationship.  We encourage science teacher educators responsible for arranging mentoring partnerships to provide time for mentors and protégés to discuss their backgrounds, needs, and preferences at the outset of the mentoring experience. 

Of great concern is the absence of discussions of science reform-based practices by Paul and Michael throughout their mentoring experience.  Paul and Michael seemed to find no reason for attending to matters of inquiry, alternative assessment, the nature of science, or other topics associated with reform-based science teaching and learning in the context of their mentoring work.  In contrast to mentoring experiences being driven exclusively by the mentor and protégé, we recommend the development and use of frameworks that emphasize science reform-based goals to guide the mentoring experiences of novice science teachers. 
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