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ABSTRACT

Induction programs are essential in addressing the unique pedagogical and content
needs of secondary science teachers. Yet most secondary science teachers have little
access to general induction programs, and even less opportunity to participate in
specialized science induction programs. This study e.xamined the impact of a sciencefocused induction program on the practices and beliefs of first-year secondary science
teachers from different teacher preparation programs. Eight teachers from four different
teacher preparation programs participated in this study. All of the teachers were
monitored throughout the academic year in order to understand their teaching beliefs,
instructional practices, and induction program e.xperiences. The analysis of data revealed
that four of the beginning teachers implemented at least one "science as inquiry" lesson.
All four of these teachers also maintained their incoming student-centered teaching
beliefs or shifted towards more student-centered beliefs throughout the year. Teachers
from the M.Ed, (science emphasis) program implemented more frequent and less
mechanistic inquiry lessons than teachers from other preparation programs. The other
four teachers had more traditional practices but their beliefs were maintained throughout
the year with little or no regression towards more teacher-centered beliefs. The analysis
of data also revealed that all of the first-year secondary science teachers received support
from the science-focused induction program, with teachers from the M.Ed, (science
emphasis) program receiving more philosophical support, and the other teachers
receiving more instructional support. This study reinforces the importance of induction
programs for all teachers, in the presence of support from a science-focused induction
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program, reform-based practices, such as "science as inquiry," are more likely to occur.
Induction programs, however, must be configured to provide different types of support to
meet the needs of teachers from different teacher preparation programs and backgrounds.
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CHAPTER I
INTRODUCTION
Rationale
Widespread concern about the increasing shortage of teachers, particularly in the
areas of special education, mathematics and science, has created a national call for
induction programs to support beginning teachers (Century Foundation, 2000; DarlingHammond, 2000; Eisenhower Math and Science Foundation, 1998; Glenn Commission
Report, 2000; Recruiting New Teachers Inc. [RNT], 1999). In the 1994-1995 school year,
17.2 % of teachers in their first, second, or third year left the field (6.6 % for all teachers;
11.1% for teacher with twenty-five or more years experience) (National Center for
Educational Statistics [NCES], 1997a). A recent report from the National Center for
Teaching and America's Future estimates that 30% of new teachers leave the profession
within the first five years (Darling-Hammond, 2000). In the 1994-1995 school year,
11.3% of science teachers left the field (new and retired) (NCES, 1997), while a recent
National Science Teacher Association [NSTA] survey reveals over 30% of younger
science teachers are considering leaving the profession (NSTA, 2000). We are losing our
newest teachers at an alarming rate.
The availability and quality of induction programs to address the retention issue,
however, is a concern (National Association of State Directors of Teacher Education and
Certification [NASDTEC], 2000). Induction programs should be configured to meet the
developmental needs of beginning teachers (Huling-Austin, 1990). The most common
concerns of beginning teachers relate to classroom management and discipline, poor
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Student motivation, and lack of administrative support (NCES, 1997; Veenman, 1984).
In addition to needs that cut across disciplines, beginning science teachers have unique
pedagogical and content needs (Emmer, 1986; Loughran, 1994; Sanford, 1988) such as
planning and managing laboratory activities. The National Science Education Standards
[NSES] (National Research Council [NRC], 1996) call for these laboratory activities to
emphasize the importance of "science as inquiry" and to foster an understanding of the
nature of science. The "science as inquiry" standard states that students should identify
research questions, design and conduct e.xperiments to answer that question, develop
explanations, think critically about the relationship of evidence and explanation, and
communicate their findings. This is not, however, the traditional exposure that teachers
tend to have in their science content classes, for most teachers their experience is with
directed and verification laboratories, and individual topics and courses disconnected
from the big picture (Gess-Newsome & Lederman, 1993).
Teacher education programs vary in the degree to which they address reform
ideas such as nature of science and science as inquiry (Crawford, 1999). Numerous
researchers have called for the inclusion of history and philosophy of science (HPS)
courses in teachers education programs (Abimbola, 1983; Kimball, 1967; Loving, 1991;
Matthews, 1994; Summers, 1982). However, the call has been largely ignored and HPS
courses are rarely included in teacher preparation programs. Loving (1991) surveyed 17
institutions with science education programs and found that only 13% of undergraduate
and 19% of graduate students were required to take an HPS course. Program standards
for science teachers preparation were developed by NSTA (1998) and are now part of the
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accreditation process of the National Council for the Accreditation of Teacher Education
(NCATE). NSTA specifically recommends a minimum of three-semester hours allocated
to a science methods course(s) that incorporates both nature of science and inquiry with
topics of planning, curriculum, technology, societal related issues, and assessment.
Gilbert (1992) surveyed institutions preparing secondary science teachers in Illinois,
Ohio, and Indiana and found that 76% of institutions offered a science methods course,
with a mean of 2.6 semester hours. A detailed survey of the topics taught in these
institutions found that nature of science and inquiry were emphasized, however mean
hours spent on the topics of inquiry and nature of science were 2.8 and 1.8 hours
respectively. Even though many pre-service teacher education programs e.xpose teachers
to strategies for implementing "science as inquiry" and nature of science instruction,
research has shown that beginning teachers tend to revert back to traditional practices as
they hit the reality of the classroom (Simmons et al, 1999).
Carlson (1993) and Hashweh (1987) found that science teachers who implement
inquiry-based instruction need to understand the prominent concepts in their discipline.
This understanding should encompass not only the facts and principles of the discipline,
but also the processes and nature of science (Duschl, 1987). Furthermore, this knowledge
should be connected and accessible to the science teacher (Gess-Newsome & Lederman,
1993). Knowledge that is fragmented or compartmentalized does not help the teacher in
crafting instruction that best represents science as inquiry. Unfortunately, national survey
data from 1994-1995, showed thirty-nine percent of secondary school students were
taught life sciences by a teacher without at least a minor in biology or life science, and
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fifty-six percent of secondary students were taught physical science by a teacher without
at least a minor in physics, chemistry, geology, or earth sciences (Ingersol, 1996). In
Arizona forty percent of beginning science teachers reported teaching courses in which
they do not have a major (Luft & Cox, 1998).

Statement of the Problem
This research looks at the efficacy of a university-school district collaborative
induction program for promoting the inquiry-based practice of beginning science
teachers. Efficacy is considered to relate to the emotional needs of the beginning
teachers, but most specifically to the implementation of standards-based practice, such as
"science as inquiry" and "nature of science". Given that teachers enter the profession with
prior experiences, the effects of the backgrounds and preparation of the beginning
teachers will filter their experiences in the induction program. This research will provide
an explanation of the experiences of beginning secondary science teachers from different
preparation programs during their involvement in a discipline-specific induction program.

Research Questions
The specific questions that this research addresses are:
1. How does an induction program impact the beliefs and practices of begirming
teachers from different initial certification programs?
2. How does an induction program provide support for teachers from different initial
certification programs?

17

Definition of Terms
To provide a common base of understanding, the following definitions are
included:
Beliefs are propositions accepted as true by an individual. Unlike knowledge,
beliefs do not require a "truth condition" agreed upon by a community. Beliefs are
consider to drive actions, and shape both what and how an individual will learn
(Richardson, 1996).
Constructivism represents the view that "knowledge cannot be transmitted but
must be constructed by the mental activity of the learner", specifically that knowledge
construction involves both "individual and social processes" (Driver, Asoko, Leach,
Mortimer, & Scott, 1994, p. 5).
The Essential Features of Inquiry are that the learner engages in a scientifically
oriented question, gives priority to evidence in responding to questions, formulates
explanations form evidence, connects explanations to scientific knowledge, and
communicates and justifies explanations (NRC, 2000).
Extended Inquiry refers to inquiry-based instruction that extends for three or more
class periods (Luft, 1999). The lessons must include the five essential features of full
inquiry (NRC, 2000). An example of this is the Search, Solve, Create & Share problem
solving model (Pizzini, 1996).
Guided Inquiry refers to inquiry-based instruction where one or more of the five
essential features of inquiry are directed by the teacher, rather than the students (NRC,

2000).
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Induction refers to the transition from learning to teach (preservice) to teaching.
Historically this has been an abrupt transition, current convention views the induction
period as the first three years of practice placing induction on a continuum between
preservice and inservice education (Huling-Austin, 1990).
Induction programs are "planned programs intended to provide some systematic
and sustained assistance to beginning teachers for at least one school year" (HulingAustin, 1990, p. 536)
Process-oriented instruction refers to teachers engaging students in activities
designed for them to learn process skills rather than content (Magnusson, Krajcik, &
Borko, 1999)
Inquiry is "a multifaceted activity that involves making observations; posing
questions; examining books and other sources of information to see what is already
known; planning investigations; reviewing what is already known in light of
e.xperimental evidence; using tools to gather, analyze, and interpret data; proposing
answers, explanations, and predictions; and communicating the results. Inquiry requires
identification of assumptions, use of critical and logical thinking, and consideration of
alternative explanations" (NRC, 1996, p. 23).
Scientificallv-oriented questions center on objects, organisms, and events in the
natural world; they connect to the science concepts described in the content standards.
They are questions that lend themselves to empirical investigation, and lead to gathering
and using data to develop explanations for scientific phenomena." (NRC, 2000, p. 24)
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The Search. Solve. Create & Share (SSCS) problem solving model involves
students searching out researchable questions for investigation, designing and
implementing investigations to identify solutions to their questions, analyzing and
interpreting data frorr. those investigations to create a means for communicating their
findings, and sharing their results with others (Pizzini, 1996).
Student-centered Inquiry refers to inquiry-based instruction where the five
essential features of inquiry are directed by the student (NRC, 2000).
Traditional Instruction refers to teachers primarily present information through
either lecture or discussion, use laboratory activities to verify or provide a visual picture
of concepts, and use assessment to hold students accountable for facts (Magnusson,
Krajcik, & Borko, 1999).

Significance of the Study
As a result of Veenman's study (1984) many educators have advocated
instructional support focused on the issues of immediate concern to beginning teachers,
such as organization and classroom management (Huling-Austin, 1990). While the case
has been made for induction programs generally (Gold, 1996; Huling-Austin, 1986;
Odell, 1986; Varah, Theune & Parker, 1986), little attention has been paid to disciplinespecific induction programs. Prior work has shown that, when supported by a science
specific induction program, beginning science teachers are more likely to engage their
students in laboratory instruction and implement inquiry-based lessons (Luft, Roehrig, &
Patterson, in review). Yet to truly meet the needs of all beginning teachers, and provide a
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seamless transition from pre-service programs to the school districts, is difficult. This
study provides insight into the needs of beginning teachers from different teacher
preparation programs, and how these needs can be met by a single science specific
induction program.

Organization of Remaining Chapters
The following chapters were organized to promote consistency and clarity within
the exposition. First, the literature review in Chapter II was divided into three
components and is reflective of the predominant strands of relevant work. The first
component. Overview of Induction Programs, provides a discussion of the common
components of induction programs, the relationship of these components to the learning
to teach and teacher development literature, and a review of the research on induction
programs. The second component. Inquiry-based Instruction, includes a discussion of
inquiry instruction and the constraints to implementing inquiry-based instruction, with a
focus on beginning secondary science teachers. The third component. The Role of
Teacher Beliefs, discusses the primarily theoretical work as well as the research on belief
changes in both preservice and inservice teachers. Also addressed are the pathways
through which beliefs may potentially influence or be influenced by classroom practice.
Next, Chapter HI discusses the research methods employed in the investigation.
The discussion of methodologies includes a description of the sample, as well as the
specific procedures utilized for each of the two research questions. Additionally, Chapter
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ni includes a thorough description of the data analysis methods employed within the
work as well as a summary of all investigative methods utilized.
Next, Chapter IV presents the individual case studies developed for each of the
eight participants included in the investigation. These case studies were constructed by
synthesizing the different data sources utilized during the study. Additionally, this
chapter also includes a within-case and cross-case analysis aimed at identifying recurrent
themes and patterns in both beliefs and practices in the eight begirming secondary science
teachers who participated in this investigation. Chapter V presents the discussion,
conclusions and implications of the investigation. This chapter includes a brief
introduction as well as a discussion of the findings for each of the two research questions.
Additionally, Chapter V also discusses implications, and the directions for future
research.
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CHAPTER n
REVIEW OF THE LITERATURE
Introduction
This chapter is a review of the literature related to the focus of the study. First, the
literature on induction programs is reviewed including an overview of the current state of
induction across the United States, a review of research findings from induction
programs, and the unique role of induction programs in terms of teacher development
literature and the transition from preservice to inservice education. Second, the literature
on "science as inquiry" is reviewed as part of the specific needs of induction science
teachers. This section considers the knowledge bases needed to implement inquiry-based
instruction and constraints to the implementation of inquiry-based instruction. Third, the
literature on teacher beliefs is reviewed, including interaction between beliefs and
practice, and the impact of preservice and induction programs on teacher beliefs.

Overview of Induction Programs
A report form the American Association of colleges for Teacher Education
[AACTE] (Neuweiler, 1988) showed that only three states had no state-level activity
related to induction programs. The availability and quality of induction programs,
however, is a concern. The authors of National Association of State Directors of Teacher
Education and Certification [NASDTEC] (2000) report that 26 states, as well as
Washington D.C., have teacher induction programs, with an additional 2 states planning
programs. Only 18 of these states, however, mandate that local school districts provide
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induction programs for beginning teacliers, and of these only 15 state legislatures finance
some or all of the costs of teacher induction (NASDTEC, 2000). Individual districts in
states that do not have a state program may implement their own programs. Nationally
60% of beginning teachers report participating in a formal teacher induction program in
their first year of teaching, with 55% participating in their second and third years (NCES,
1997b). The majority these programs are district-run, following a set of guidelines or
requirements from the state. The bottom-line purpose of these induction programs is to
improve the quality of beginning teachers and to retain those promising beginning
teachers (Huling-Austin, 1986). Within this framework some common and realistic goals
have been developed (Gold, 1996; Hoffman, Edwards, O'Neal, Barnes, & Paulissen,
1986; Huling-Austin, 1986; Odell, 1986; Varah, Theune & Parker. 1986):
1. To improve teaching performance
2. To increase retention of good beginning teachers
3. To provide psychological support, increasing positive attitudes and promoting
professional and personal well-being.
4. To transmit the culture of schools (and community)
5. To satisfy mandated requirement - usually related to evaluation and assessment of
beginning teachers.
A Theory of Induction
Huling-Austin (1992) makes the argument that research on induction and research
on learning to teach have developed independently of each other, yet one should inform
the other. Kagan (1992) and Burden (1990) also suggests that the learning to teach
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literature shows common sequences of change that could provide a basis for design of
programs, this information could apply equally to pre-service, induction and in-service
education. Mager (1992) proposes that a theory of induction be framed around the
existing concepts of teacher competence, teacher performance and teacher effectiveness.
Teacher competence is the body of knowledge, and skills needed to teach. In essence the
sum total of what a new teacher knows and brings to their job from experience and
teacher education programs. Teacher performance is the enactment of this knowledge in
the classroom. This includes tasks such as planning, instruction, managing the classroom,
and evaluating students. Teacher effectiveness is the accomplishment of intended student
outcomes and learning. Mager's theory relates these three concepts as follows, teacher
competence is the basis for teacher performance, and teacher performance is the basis for
teacher effectiveness. Within the framework of this theory, the goal of induction is not to
remedy deficits of teacher preparation programs but to assist new teachers in expressing
their competence in a specific context to the end of being effective. Induction programs
should help teachers to interpret and analyze their performance and ultimately to consider
the effectiveness of that performance from the point of view of their students.
Odell (1990) argues for an induction rationale based on both the theory and
practice of beginning teachers. This theoretical framework looks to a variety of teacher
development models: cognitive, concerns-based, and expertise. Cognitive development
theory suggests a progression from simplistic and concrete thinking to analytic and
flexible thinking. At this higher stage teachers are more adaptive, and able to employ a
wide range of teaching models, ultimately enhancing the teacher's effectiveness
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(Glassberg, 1979). This argument of the development of teacher effectiveness correlates
with Mager's model, which was previously discussed.
Models using stages of teacher concem recognize that the concerns of beginning
teachers are unique and different to those of experienced teachers. Beginning teachers are
concerned with survival, lesson planning and classroom management being high on their
list of concerns (Veenman, 1984). Experienced teachers are more concerned with
efficacy and are ore likely to consider the impact of their instruction on student learning,
again this corresponds with Mager's idea of developing teacher effectiveness. Fuller and
Bown (1975) used these different concerns to propose a four-stage model of teacher
development. The first stage is pre-teaching. The second stage, which corresponds with
the induction period, has concerns focused on self, concerns of survival, classroom
control and mastery of content. In the third stage teachers move to concerns about
teaching performance, and ultimately in the fourth stage to concerns about student
learning.
Berliner (1986) addressed the topic of e.xpertise in teaching, proposing a fivestage model of development from beginning to experienced teacher. The model is based
on the differences between how novices and experts interpret events in the classroom.
Unlike experienced teachers, beginning teachers have no past experiences on which to
rely in interpreting classroom events. This suggests that induction programs should help
beginning teachers to learn to interpret classroom events.
While the exact number of stages and their names have varied over time, a
general trend exists. Novice teachers have lower level concerns, about self and classroom
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management, that must be addressed for them to progress to higher levels of concern,
about students and student learning. By providing support at the early stages and
removing the traditional "sink or swim" situation beginning teachers will be able to move
through these stages more rapidly (Odell, 1986; Stroot et al, 1999).
Common Components of Induction Programs
These theoretical frames of teacher development suggest appropriate components
of induction programs. A review of existing induction programs shows some common
components: orientation, mentoring, release time, professional development, teacher
evaluation, program evaluation, and teacher follow-up (Huling-.^ustin, 1986; NCES,
1999; Stansbury & Zimmerman, 2000; Varah, Theune & Parker, 1986; WestEd, 2000).
However, the degree to which these components are enacted varies widely between
programs. Each of these components is defined and discussed in the following paragraphs
Orientation is a term that takes on a dual meaning in the induction literature.
Orientation can be considered as a formal series of workshops occurring prior to the start
of the school year designed to provide new teachers with an overview of curricular and
district policies. This is usually the responsibility of the school district and intended to
assist in meeting the goal of transmitting school culture to the beginning teacher
(Johnston, 1985). This process is on-going and the responsibility of further socialization
into the school falls on the mentor teacher (Abell, Dillon, Hopkins, Mclnery, & O'Brien,
1995; Varah, Theune & Parker, 1986).
A second meaning of the term orientation is related to orienting participants,
administrators, and mentors to the goals, responsibilities, and expectations of the
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induction program and staff (Jacobsen, 1992; Johnston & Kay, 1987). Clear goals are
necessary if the induction program is to meet with any degree of success.
Mentoring and collegial support are among the key factors that have been
identified with the success of beginning teachers (Huling-Austin, 1992). The use of
mentor teachers helps the new teacher to understand the events of the classroom and the
expectations of school. It is important however that the role of the mentor teacher is
supportive rather than evaluative (Abell et al, 1995; Brickhouse & Bodner, 1992; Waters
& Bemhardt, 1989). Beginning teachers are expected to have some "failures" in their
classrooms and need to have an evaluation-free environment in which to discuss these
issues.
The level of mentoring ranges from informal buddy systems to formal programs
where the new teacher is paired with a trained subject specific mentor. A study of the
state of induction in Arizona (Luft and Cox, 1998) for beginning science and math
teachers corroborated the findings ofNCES, with only 20% of districts providing a
mentoring program with 68% of these being one year programs. Luft and Cox also found
that large school districts are more likely to have mentoring programs than small districts.
80% of the teachers in districts that have a mentoring program, however, are not
mentored by experienced teachers in science or mathematics. This is problematic when
one considers that 55% of mathematics teachers and 40% of science teachers are teaching
outside of their major.
Release time should be set aside for new teachers to participate in professional
development activities, observe or plan with other teachers. Quality induction programs
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set aside release days for beginning teachers for these purposes (Connecticut State
Department of Education, 1999; Louisiana State Department of Education, 1998;
O'Connell, Gillett, & Halkett, 1999; Varah, Theune & Parker, 1986; WestEd, 2000).
Beginning teachers in induction programs are themselves frequently observed by mentor
teachers, university personnel, and administrators. There are benefits, however, to having
beginning teachers use release time to observe other teachers. This has the benefit of
allowing the beginning teacher to see a mentor's advice in action, to learn new teaching
styles, new ways to approach specific content, and to focus on classroom management.
Time spent in other teachers' classroom also serves to reduce the sense of isolation that
beginning teacher can feel (Huling-Austin, 1992; Varah, Theune, & Parker, 1986). [f the
issue of teacher isolation is not addressed the process of learning to teach will be
hindered, beginning teachers will maintain comfortable practices without having to
justify their instructional choices in terms of student learning (Feiman-Nemser, 1983).
Professional development is intended to build the foundation for continued
professional growth, as well as providing additional knowledge and training for
beginning teachers (Connecticut State Department of Education, 1999; Johnston, 1985).
Professional development consists of formal seminars and workshops that address the
unique needs of beginning teachers, such as instruction, classroom management, parental
relations, administrator relations, handling paperwork and coping with reality shock
(NCES, 1999; Varah, Theune, Parker, 1986). Workshop topics should focus on the
topics that address the specific needs of beginning teachers (Huling-Austin, 1992; Odell,
1990). In terms of teacher development, these survival concerns such as classroom
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management need to be addressed before the teacher can move to considering pedagogy
and subject matter, and ultimately student learning (Hollingsworth, 1989). Another
benefit of professional development activities is that they address the issue of teacher
isolation, teachers have an opportunity to discuss issues with their peers and understand
that they are common problems. This networking of beginning teachers can facilitate the
development of an understanding of teaching (Carter & Richardson, 1988).
Program evaluation and teacher follow-up are key components of an induction
program yet frequently overlooked. There have been few evaluations of teacher induction
programs across the country, those evaluations that have been done tend to be private
studies of individual programs (NCES, 1999; WestEd, 2000). Combined research and
evaluation data from individual state programs suggests the following are essential to the
effectiveness of research programs (State Higher Education E.vecutive Officers [SHEEO],
1999):
•

Programs should be based in schools and classrooms.

•

Models need to differentiate between novice teachers, mid-career changers, and
veterans changing grade-level or subject area.

•

Programs need financial resources to compensate mentors and provide release time
for mentors and beginning teachers.

•

Programs need to be continually evaluated.
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University-School District Collaboration
Induction programs vary in the degree of involvement of university educators
(Abell, Dillon, Hopkins, Mclnery, & O'Brien, 1995), yet collaboration between schools
and universities has long been a desirable goal (Association of Teacher Educators, 1986;
Henry 1988a; Huling-Austin, 1990). National Council for Accreditation of Teacher
Education [NCATE] standards in fact require teacher education programs to provide
support for beginning teachers (NCATE, 1992). Crosser, Griggs, and Haynes (1994)
surveyed teacher education institutions and found 67% of those institutions responding
(55% response rate) had established a formal plan to assist beginning teachers. The type
of program and level of evaluation was varied, and did not necessarily involve
collaboration with school districts. The need for collaboration is based on the differing
areas of expertise that university faculty and school personnel bring to the problem of
induction (Gold, 1996). These researchers extend the call from the Holmes Group (1986)
to develop Professional Development Schools and working partnerships between
university faculty, teachers, and administrators into the induction period. Brockmeyer
(1998) identified five types of support needed by beginning teachers - psychological,
management, logistical, instructional, and philosophical. Psychological support being
defined as emotional support, positive regard, and empathetic listening (Gold, 1996).
Management support being assistance in organization, discipline and routines in the
classroom. Logistical support being assistance in locating of supplies, utilization of
resources and school procedures. Instructional support is related to issues of pedagogy
and the enactment of lessons. Philosophical support provides the research and standards
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background related to the advocated methodologies and practices. School districts are
positioned to provide management and logistical support, whereas instructional and
philosophical support are better addressed by universities.
Successful university and school district collaborative induction programs have
been developed (Gold, 1996; Luft, & Patterson, in press; SHEEO, 1999; Stroot et al,
1999; Varah, Theune, & Parker, 1986). The two principal components to induction
programs provided by universities are assistance with mentoring and providing
workshops or seminars (Gold, 1996). Mentoring assistance has been defined in two main
ways, university faculty providing mentor training and university faculty serving as
mentors. Having university personnel act as mentors can alleviate the problem of
separating assistance and evaluation of beginning teachers.
To truly meet the needs of beginning teachers, and provide a seamless transition
from pre-service programs to the school districts, induction programs must address
collaborations between universities and school districts (Fullan, 1991). If induction
programs are to have a meaningful effect on beginning teachers' classroom performance
there needs to be a clear articulation of what is meant by "effective teaching" (HulingAustin, 1990). If universities are involved in the induction process this definition needs to
be agreed upon between university and district personnel. This collaborative
understanding of the needs of begirming teachers can also be used to guide changes in
pre-service teacher education programs (Gold, 1996; Varah, Theune, & Parker, 1986).
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Research on Induction Programs
Teacher follow-up and program evaluation are important components of an
induction program (Stansbury & Zimmerman, 2000). Unfortunately few induction
programs have a true evaluation component, and most research is affective in nature
(Henry, 1988b; Moscowitz & Stephens, 1997; Varah, Theune, & Parker, 1986). Care
must be taken that induction programs do not emphasize the affective component of
taking care of beginning teachers' well-being over their competence as a teacher. One of
the common criticisms of induction programs is that they provide support to weak
teachers, making them feel good despite doing a poor Job (Huling-Austin, 1986).
Earlier research has also documented improvement in classroom management,
lesson planning and self-confidence (Connor, 1984; Eisner, 1984). Henry (1988b)
evaluated a university-school district collaborative induction program and found a
significant increase in the use of mastery learning and teaching of critical thinking skills
as compared to an unsupported control group, as well as more positive attitudes and
perceptions of teaching. Odell (1986) also reported that supported beginning teachers
identified instructional needs as more important than managerial needs. In another
teacher self-report study, Stroot et al (1999) reported a decrease in managerial concerns
and an increase in instructional concerns during the first year for teacher in an induction
program.
Huling-Austin (1990) reviewed 17 induction programs and found that induction
programs can positively affect retention rates of new teachers, as well as promoting their
sense of personal and professional well-being. While it has been shown that induction
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programs can positively affect retention rates of new teachers, Huling-Austin (1986)
cautions us that other factors contribute to long-term retention of teachers. These other
factors, such as salary, working conditions, status of the profession, are outside the
domain of the induction program.
Induction programs cannot be expected to overcome major school context
problems (Huling-Austin, 1986). Several citations in the teacher induction literature
point to the fact that beginning teachers should not be given multiple leaching
assignments (Hoffman, Edwards, O'Neal, Barnes, & Paulissen, 1986; Livingston &
Borko, 1989; WestEd, 2000), as novices develop teaching expertise more efficiently
given numerous opportunities to teach the same content many times. Internationally
many governments provide supplemental funding to reduce the teaching load of
beginning teachers (Moscowitz & Stephens, 1997; WestEd, 2000). For example, in New
Zealand new teachers are paid a full salary but only teach an 80% contract, the extra time
is spent in professional development activities. New Zealand also provide science
laboratory technicians for each school, this frees up time for all teachers not just
beginning teachers, as these technicians prepare, order, and maintain laboratory
equipment and solutions. These practices are also common in United Kingdom and
Australia.
The development of teaching expertise is also hindered if beginning teachers are
assigned to teach in an area in which they are not certified, or an area where they have
little or no academic background. In these cases teachers lack pedagogical content
knowledge for which subject matter knowledge is a key component (Shulman, 1986).
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Beginning teachers in this situation would need to focus on their subject matter rather
than their instruction and students. This will keep these teachers at the stage of concern
for survival and hinder their ability to move to concerns about teaching performance and
focus on student learning (Fuller, & Sown, 1975).
[nquirv-based Instruction
Science teachers have the charge of creating inquiry environments that combine
the knowledge in science disciplines with the characteristics common to scientific
endeavors (American Association for the Advancement of Science [AAAS], 1993;
National Research Council [NRC], 1996). The National Science Education Standards
[NSES] (NRC, 1996), which offers a representative comment, refers to inquiry as "the
diverse ways in which scientists study the natural world and propose explanations based
on evidence derived from their work (p. 23)." In the classroom, similar to science, inquiry
consists of "making observations, posing questions, examining books and other sources
of information, planning investigations, reviewing what is already known in light of
evidence, using tools to gather, analyze and interpret data, proposing answers,
explanations and predictions, and communicating the results (p. 23; NRC, 1996)." To
assist teachers in their implementation of inquiry, several instructional models have been
developed (e.g., Bybee, 1997; Lawson, 1995; Luft, Bancroft, & Burketta, 1997; Stepans,
1994). Yet how teachers interpret these models and adapt them to their students' needs
results in lessons that vary in regard to the representation of "science as inquiry." The
amount of literature that discusses the implementation of inquiry lessons among teachers
as a result of professional development programs (e.g., Abell & Pizzini, 1992; Luft &
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Pizzini, 1998; Supovitz & Turner, 2000) or their own fortitude indicates that creating
these environments is critical and challenging.
Constraints to Implementing Inquiry-Based Instruction
Inquiry-based instruction is challenging to the most expert of science teachers
(Gallagher, 1989), but beginning science teachers face additional constraints. Researchers
have explored the barriers that teachers experience in implementing inquiry lessons.
Common impediments to implementing inquiry environments include a lack of
administrative and collegial support (Brickhouse & Bodner, 1992; Emmer, 1986;
Loughran, 1994), lack of pedagogical skills (Adams & Krockover, 1997; Shulman,
1986), lack of time (Loughran, 1994), inadequate knowledge of nature of science
(Brickhouse, 1990; Duschl, 1987), and access to appropriate curriculum materials
(Adams & Krockover, 1997; Beck, Czemiak, & Lumpe, 2000; Brickhouse & Bodner,
1992; Veenman, 1984). Another factor may be classroom teaching experience, as recent
research suggests that beginning secondary science teachers may have a more difficult
time implementing inquiry-based lessons than their experienced peers (Luft, 2001).
Unfortunately, the literature base related to the types of teacher knowledge involved in
the implementation of inquiry-based instruction is not representative of all teachers (Keys
& Bryan, 2001). The majority of the existing literature focuses on experienced or
elementary science teachers (Keys & Bryan, 2001); implementing inquiry-based
instruction is different for beginning science teachers.
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Pedagogical Content ECnowledge
The development of pedagogical content knowledge is another factor that
influences the implementation of inquiry lessons (Crawford, 2000); yet pedagogical
content knowledge is undeveloped in beginning teachers, requiring the integration of the
supporting knowledge domains of subject matter, pedagogy and context (Grossman,
1990). Induction teachers have limited experience in these domains of knowledge.
Teaching science as inquiry and providing authentic learning opportunities for
students requires that teachers have a deep and highly structured content knowledge base
(Gess-Newsome, 1999). Teachers need to understand both the structure and the nature of
their discipline, as well as the ability to select from and translate content into learning
activities. Beginning teachers with an academic degree in their teaching area have been
found to have highly compartmentalized and poorly organized subject matter knowledge
(Brookhart & Freeman, 1992; Talbert, McLaughlin & Rowan, 1993). Further
compounding this problem, are the preparations that beginning teachers are assigned;
beginning teachers are frequently given multiple preparations and as a consequence are
more likely to be teaching outside of their specialty science area (Huling-Austin, 1986).
These teachers are even more likely to have limited and fragmented subject matter
knowledge. As a consequence of being assigned multiple preparations and having limited
subject matter knowledge, beginning teachers are more likely to rely on texts and
prescribed curricula (Brickhouse & Bodner, 1992).
Another dimension of the domain of subject matter knowledge is an
understanding of the nature of science. Science education research has suggested a
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connection between teachers' views of the nature of science and their classroom practice
(Brickhouse, 1990; Duschl & Wright, 1989; Lantz & Kass, 1987). Teachers who adopt a
realist view of science are more likely to adopt a transmission view of teaching whereas a
teacher holding a more Kuhnian view is more likely to adopt a constructivist view of
learning (Pope & Gilbert, 1983). This intuitively suggests that a teacher holding a realist
view of science is less likely to implement "science as inquiry". However, claims of a
relationship between a teacher's understanding of the nature of science and their
classroom practice have not been validated by all researchers (Lederman & Druger, 1985;
Tobin & McRobbie, 1997). The nature and extent of the relationship between a teacher's
conceptions of the nature of science and classroom practice has proved to be complex and
disagreement exists (Lederman, 1999). Discrepancy among researchers reveals the
complexity of the issue and raises the concern that this topic requires additional
consideration from the research community.
Pedagogical knowledge incorporates a teacher's knowledge on classroom
management and organization, knowledge of instructional models and strategies and
knowledge of classroom discourse and communication (Morine-Dershimer & Kent,
1999). In the science as inquiry classroom the focus is less on communicating what the
teacher knows to the students, but more on helping the students learn to identify and
answer their own questions. This form of teaching requires the use of instructional
models, accompanied by appropriate management structures that may conflict with
beginning teachers' personal pedagogical knowledge. Personal pedagogical knowledge
relates not only to prior experience as students but also to personal beliefs and
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perceptions about teaching and learning. Beliefs about teaching and learning will impact
how teachers utilize their pedagogical knowledge.
ICnowledge of the context of teaching is critical to successful teaching. Preparing
and implementing inquiry-based lessons requires a rich understanding of both the
classroom environment and students. Beginning teachers, however, have limited practical
knowledge of classrooms and the students. They are particularly susceptible to the
influence and reactions of their students (Zeichner, 1983). Students' reactions to
instruction are a key component to the success of beginning teachers (Zeichner,
Tabachnik, &. Densmore, 1987). When students respond positively to a teacher's efforts it
increases the likelihood that the teacher will continue that instructional approach.
However negative student responses can lead the teacher to abandon the approach for
more traditional methods (Loughran, 1994). Brickhouse (1992) also cites student
attitudes towards grades as a constraint for induction teacher success; students'
negotiation of work and competitiveness over grades directly influences the course of a
lesson. Clearly, begirming teachers face a wide array of impediments to implementing
inquiry-based pedagogies.

Role of Beliefs
Learning to teach is a developmental process in which teachers progressively
modify and enhance their beliefs and practice (Anderson & Mitchener, 1994). Beliefs are
personal constructs that are important to a teacher's practice (e.g. Nespor, 1987; Pajares,
1992; Richardson. 1996), as they guide instructional decisions, influence classroom
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management, and provide a lens of understanding for classroom events. Beliefs are
considered to be intertwined with, yet in some ways distinct from, knowledge. Beliefs are
propositions held to be true by the individual, they can be non-evidential being based on
personal judgement and evaluation, unlike knowledge that is evidential and requires
community or group consensus practice (Nespor, 1987; Pajares, 1992; Richardson, 1996).
This means that knowledge systems are more open to evaluation whereas beliefs are less
dynamic and more difficult to change. Beliefs can hold even in light of the contradictory
evidence and knowledge (Munby, 1982); these core beliefs are more powerful than
peripheral beliefs and are thus more resistant to change (Rokeach, 1968). Beliefs have a
strong affective component that are often separate to the emotionally neutral, cognitive
domain of knowledge. Knowledge is semantically stored whereas beliefs reside in
episodic memory; beliefs are drawn from critical episodes and prior experiences. The
earlier and stronger the e.xperience the more difficult the beliefs will be to change.
Interactions between Beliefs and Practice
Beliefs, rather than knowledge, are the more important construct when
considering a teacher's classroom practice (Pajares, 1992). For example, Ernest (1989)
found that two mathematics teachers with similar knowledge taught in different ways, he
suggested from his study that an understanding of beliefs was more useful in predicting
teachers' classroom decisions. Fang (1996) synthesized the research on the relationship
between beliefs and practice. Fang cites several stiidies from the area of reading and
literacy instruction showing a consistency between beliefs and practice. Yet other studies
cited in Fang show an inconsistency between beliefs and practice. Contextual factors in
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the classroom influence the impact of teachers' beliefs on their practice; Davis, Konopak,
and Readence (1993) noted that school climate, views of other teachers and
administrators, and availability of resources as well as teachers' beliefs shaped their
classroom practice. Fang (1996) and Munby (1982) note that close examination of
methodology is called for when reviewing the literature on the interaction between beliefs
and practice; written self-report responses may reflect what should be done rather than
what is actually done in practice, multiple measures including classroom observation are
needed to triangulate teacher beliefs.
Recent studies on in-service science teachers have provided new insights about
teacher beliefs (e.g. Gallagher, 1991; Haney, Czemiak, & Lumpe, 1996; Hashweh, 1996;
Martens, 1992; Simmons et al, 1999). For beginning teachers, research has shown there
to be a disconnect between their practices and beliefs. Specifically, many beginning
science teachers hold student-centered beliefs, yet they demonstrate teacher-centered
practices in their classrooms (Simmons et al, 1999). Simmons et al (1999) found that the
majority of beginning teachers fluctuated between teacher and student-centered beliefs
and practice. This large-scale study involving 116 beginning teachers found only 10% of
first year teachers implemented student-centered, inquiry-based instruction. Beginning
teachers' practice tends to be teacher-centered with a focus on learning content, lesson
plarming and management issues; their primary concerns being survival, maintaining
classroom control and presentation of content (Adams & Krockover, 1997).
Although the relationship of beliefs and practice is widely discussed among
educational researchers, there is general agreement that beliefs are cotmected to actions in

41

the classroom (Guskey, 1985; Richardson, 1996). Some researchers consider beliefs and
practices to be interactive, while others conclude that beliefs must change before
practices can change. In either case, it is important to understand the teaching beliefs of
teachers, as they will ultimately connect to their practice. Also, given the interaction
between beliefs and practice, teacher beliefs need to be recognized in planning a preservice, induction, or in-service program (Haney, Czemiak, & Lumpe, 1996).
Beliefs of pre-service teachers
Even new teachers with strong content knowledge who are graduating from a
traditional teacher education program need assistance to build on their pre-service
education. Pre-service teachers start their teacher preparation with a wide range of
knowledge and beliefs about teaching and learning, developed over many years as
students, their "apprenticeship of observation" (Lortie, 1975). These beliefs are firmly
established by the time pre-service teachers start their formal teacher education (Wilson,
1990) and will influence what a pre-service teacher learns in a teacher education
program. Pre-service teachers often view teaching as transmittance of knowledge
(Anderson et al, 1995; Brookhart 8c Freeman, 1992; Hollingsworth, 1989) which
conflicts with a constructivist approach to teacher education (Holt-Reynolds, 1992).
Kagan (1992) and Joram and Gabriele (1998) reviewed several studies that
demonstrated the influence of beliefs the impact of teacher education programs. For
example, these studies showed how prior beliefs make effective communication between
preservice teacher and teacher educators problematic (Holt-Reynolds, 1992) and how any
changes in beliefs during a teacher education program were mediated by prior beliefs
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(Hollingsworth, 1989). In a review of the literature on teacher growth among pre-service
teachers, Kagan (1992) found that pre-service education was, in the majority of cases,
ineffective at changing teacher beliefs. Even though many pre-service teacher education
programs expose teachers to strategies for implementing student-centered lessons,
research has shown that beginning teachers tend to revert back to teacher-centered,
didactic practices as they hit the reality of the classroom (Salish I Research Project,
1997). These pre-service teachers had been exposed to constructivist strategies but had
not restructured their beliefs around those methodologies. Interestingly, Lumpe, Haney
and Czemiak (2000) found that increasing the number of science methods courses in a
preservice teacher education program was positively related to context beliefs, or
perceptions of control over the school environment.
Beliefs of in-service teachers
Richardson's examination of research studies (1996) found that in-service
programs were more successful at changing beliefs than pre-service programs. Teachers
develop practical knowledge through classroom experience, which shapes their beliefs
about teaching. Unfortunately these beliefs often become more custodial in nature,
focused on control of students and the authority of the teacher (Cochran-Smith, 1991).
Richardson (1996) reviewed studies on in-service and staff development programs
designed to intervene in this socialization process and concluded that if teachers' beliefs
are a major element of the content of the staff development program it is possible to
promote changes in teachers' beliefs. Richardson cautions, however, that change is a
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long-term process. Kagan (1992) also noted that the change process regarding beliefs and
practices requires at least three years for beginning teachers.
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CHAPTER m
RESEARCH METHODOLOGY

Research Design
The purpose of this study was to understand the experiences, beliefs, and inquirybased practices of eight beginning secondary science teachers, and how pre-service and
induction programs informed these experiences, beliefs, and practices. In order to
understand their experiences, a qualitative study was designed to reveal the knowledge,
practices and beliefs about inquiry-based instruction of beginning science teachers.
Multiple sources of data were collected during the study by three different researchers to
understand the beginning teachers' knowledge about inquiry and science, their beliefs
about teaching, their inquiry practices, and their experiences as an emerging professional.
The multiple sources included semi-structured interviews about teaching beliefs, monthly
classroom observations, a nature of science questionnaire, a demographic and academic
background survey, and an evaluation of the induction program. These data sources and
multiple researchers ensured that triangulation occurred in the collection and analysis of
data (Maxwell, 1996). Individual cases were developed from these data sources and a
cross-case analysis performed to deepen understanding and explanation (Glaser Sc
Strauss, 1967).
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Participants
The teachers were selected to be representative of four different teacher
preparation programs: a traditional, university undergraduate secondary (7-12) teacher
education program, a traditional, university undergraduate elementary (K-8) teacher
education program , a Masters of Education (M.Ed.)with certification (science emphasis)
and an alternative, accelerated one-year M.Ed, with certification program. Two first-year
teachers were selected from each of the four teacher preparation programs. In the case of
three of the preparation programs only two first-year teachers were participants in the
induction program. Four first-year teachers from the M.Ed, (science emphasis) program
were participants in the induction program, of these four teachers, two were selected to
create the best control of variables with the other six first-year teachers. For example, one
of these four teachers was excluded as she had taken a year of leave between graduation
and taking a teaching position, unlike the other participants who had taken a teaching
position directly after graduation. Demographic details on the eight participants are
shown in Table 3.1.
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Table 3.1. Demographic and Academic Information on Participants
Teacher

Vanessa

Certification Program

Academic

School

Teaching

Degree(s)

Assignment

M.Ed, (science

BS Bacteriology Rural

9''' grade Earth

emphasis)

MS Geology

science

Hispanic
Low-mid SES

JoAnn

M.Ed, (science

BS Chemistry

Suburban

I l'Vl2"' grade

emphasis)

(Physics/ Math

Anglo

Honors and

minor)

Mid-high SES

conceptual

MA Chemistry
Yolanda

Cindy

Undergraduate (K-8)

Undergraduate (K-8)

physics

BA Elementary

Urban

6"^ grade Math,

Education

Hispanic

science, and

Low SES

reading

BA Elementary

Urban

Education

Hispanic

grade General
science

Low SES
Debbie

Ron

Undergraduate (7-12)

Undergraduate (7-12)

BS Biology

Suburban

10"'/Il"'/12"'

Anglo

grade General

Middle SES

biology

BS Earth Science Rural

9'*^ grade General

Anglo/Hispanic

science and

Low-Mid SES

llth/i2th
Chemistry

Sally

Accelerated M.Ed.

BS Biology

Suburban

9"^ grade Human

Anglo

biology

Mid-high SES
Karen

Accelerated M.Ed.

BS Chemistry

Suburban

10''' grade

Anglo

Honors and

Mid-high SES

regular chemistry
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Pre-service Programs
The four programs represemed significant differences in their approach to teacher
preparation. The secondary undergraduate program offered only one subject specific
methods class, with no classes focusing on student learning in science or history and
philosophy of science. The program does include a generic methods class, and
foundations of education classes. The culminating experience is a semester-long student
teaching placement. The elementary program follows a traditional sequence with a
generic methods course, followed by a block semester of four subject specific methods
courses, and a semester of student teaching. The Masters of Education (science emphasis)
offers two subject specific methods courses, as well as courses in how students learn
science and the history and philosophy of science. The student teaching experience in this
program is a year in duration and interwoven with graduate courses at the university.
Student teachers are placed for one semester in a middle school science classroom and for
a second semester in a high school science classroom. Each semester of student teaching
involves teaching for two periods and working in the school for another two periods, for
example planning with the cooperating teacher or observing other teachers. The
alternative, accelerated M.Ed, included a generic and subject-specific methods class
taught by school district personnel. The student teaching experience occurs throughout
the academic year at a single site linked to the program. A summary of the four preservice programs can be found in Table 3.2.
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Table 3.2.
Profiles of Pre-service Teacher Preparation Programs
Program

Methods courses

History and

Cognition

Philosophy

Student
Teaching

of Science

Undergraduate

Generic methods (3

K-8

credits)

Development (3

Elementary block

credits)

No

Child

15 weeks

(12 credits): math,
science, language
arts, and social
studies methods
Undergraduate

Generic methods (3

7-12

credits)

Schools (3

Secondary Science

credits)

No

Learning in

15 weeks

methods (3 credits)
M.Ed, (science

Secondary Science

Yes (3

How children

15 weeks in

emphasis)

Methods (3 credits)

credits)

Learn Science

middle

(3 credits)

school

Advanced Science
Methods (3 credits)

15 weeks in
high school

Accelerated

Generic methods (3

M.Ed.

Learning theory

30 weeks

credits)

in Education (3

Entire school

Secondary Science

credits)

year at single

methods (3 credits)
(taught by school
district personnel)

No

site
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The Induction Program
Project: ASiST (Alternative Support for Induction Science Teachers) was
developed in response to the common needs of all beginning teachers. ASIST specifically
strives to bridge the gap that exists between the conclusion of a teacher certification
program and the first years in a science classroom. The framework for the program
emerged from (a) local districts needs, (b) three state reports that documented areas of
concern in science education (see Luft & Cox, 1998; Luft & Ebert-May, 1999; Sowell, el
al., 1995), and (c) the literature base on beginning science teachers. ASIST was originally
funded through the Arizona Board of Regents: Eisenhower Mathematics and Science
Program with the intention of creating a sustainable and lasting program after three years.
Forty-three beginning science teachers have participated in the project since its
implementation, with another twenty-one teachers participating for this academic year.
The beginning teachers come from variety of backgrounds (e.g., university certification
programs, emergency certification, and science fields) and from one of several districts in
southern Arizona. They are recruited into the ASIST program by local administrators
who have received information about the program from various staff members. During
the first two years of the program, beginning teachers received stipends provided by the
grant to support their participation. As the program moved towards institutionalization in
its third year, teachers received district recertification or university credit provided by the
districts as incentives for participation.
ASIST has been designed to address the research and specific needs of science
teachers. This has been done by creating a program that is embedded throughout the
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school year, utilizes the expertise of school and university educators, and provides
numerous opportunities for professional development. University and school district
educators provide on-going support to participants through monthly meetings, visits to
classrooms, a trip to a national or state level conference, and on-going electronic
dialogue.
Sessions are held monthly on Saturdays throughout the school year at the
university or in participant's classrooms. The first session is in August, before school
starts for most beginning teachers, and addresses the general topic of "starting the year
off right." Following sessions are around the theme of scientific inquiry instruction and
address various aspects of effective implementation of science as inquiry. Saturday
sessions build upon each other throughout the year, with the initial sessions geared
toward the immediate needs of beginning teachers and some attention to the comple.xities
of inquiry instruction. The later sessions focus more on the complexities of inquiry
instruction and less on surviving the school year. Furthermore, the sessions topics are
emergent from the feedback of the participants and the observations of AS1ST staff.
Creating an induction program that is developmental requires that the ASIST staff
monitor the instruction needs and abilities of the participants, and create workshops that
address these specific areas.
The format of Saturday meetings is consistent fi-om month to month. The six-hour
session begins with an hour meeting with mentor teachers to discuss pressing classroom
issues as related to the topic of the day. The following two hours include an example
lesson and processing session that demonstrates some aspect of science as inquiry
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instruction. These lessons are used to model effective practice and to facilitate a
discussion about teaching beliefs and current practices. Providing examples of lessons
and opportunities to discuss practices ultimately challenges the developing teaching
beliefs of beginning science teachers, as well as reinforces a student-centered
epistemology. The session closes with a two-hour work session in which participants can
reflect on the modeled lesson and plan classroom lessons with project staff and their
peers. Plarming sessions often result in the questioning of participants' instructional
decisions by project staff, posing of alternatives to currently planned lessons, or
developing lessons as they relate to the modeled lesson.
Classroom visits, in different formats, comprise a significant portion of the
program. Each beginning teacher is observed monthly in the classroom by a university
educator, and the classroom visits are configured to provide the greatest amount of
assistance. Typically, observations follow a clinical supervision model (Acheson & Gall,
1997) that includes a pre-conference to determine areas to observe, the observation, and a
processing post-conference. Instructional topics such as questioning students and
organizing lessons are typical areas that beginning science teachers select for the topic of
their observations. The objective of the observations is to create "a dynamic process of
give-and-take in which supervisors and teachers are colleagues in search of mutual
educational understanding" (Acheson & Gall, 1997, p. 12), as well as to provide a forum
in which beginning teachers can examine and challenge their teaching beliefs and
practices.
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Beginning science teachers also have the opportunity to observe their peers or
experienced science teachers in their classrooms. Each participant in the ASIST program
has two release days, supplied by their districts, to visit other science classrooms. These
visits are encouraged and provide beginning science teachers with opportunities to
understand the constraints of fellow participants, to observe successful inquiry lessons, to
foster professional dialogue, and to learn how to implement inquiry instruction. Over half
of the participants have taken the opportunity to visit peer and mentor classrooms for a
day.
Throughout the program, beginning science teachers participate in on-going
electronic conversations. The project listserv provides beginning teachers an opportunity
to communicate with one another and project staff about their instructional experiences
and concerns. Weekly discussion topics are posted to the listserv, such as "Describe the
experiences of your first week- What worked? What didn't?," "Share management
strategies that have or have not worked," or "Tell us about something new you tried this
week." Outside the weekly discussion, participants use the list to offer resources to their
peers, solicit lesson plans that work, and help each other problem-solve.
In order to encourage on-going professional development, all beginning science
teachers receive financial assistance to attend a state or national science convention and
purchase copies of the national standards from their district. Participants attend the state
or national conference with ASIST staff. Ideally, staff introduce the beginning science
teachers to the culture of conferences by attending sessions with the teachers, reviewing
materials in the convention hall, and introducing them to other science educators.
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Historically, this event has been extremely popular with both the project staff and the
participants. Finally, to ensure that beginning teachers have the reference tools needed to
direct their future practice, all project participants receive the National Science Education
Standards (NRC. 1996) and The Benchmarks for Science Literacy (AAAS. 1993) from
their districts. Both the conference and the resources are meant to reinforce the
importance of on-going professional development.

Data Collection
Copies of surveys, questionnaires, and interview protocols can be found in
Appendix A. Details about the administration of these instruments are given below. A
timeline for data collection is shown in Table 3.3.
Table 3.3. Timeline for data collection
Background Inquiry

Teaching

Information Knowledge Beliefs
August

X

X

X

Nature of

Classroom

Induction

Science

Practice

Evaluation

.X

X

September

X

October

X

November

X

December

X

January

X

February

X

March

X

X

X

X

X
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Written documents. Two different documents were given to the beginning
teachers throughout the study. The first document was a demographic survey that
participants completed at the begirming of the study. Questions regarding school context,
number and type of preparations, ethnicity, type of in-service training provided at the
school, relationship with on-site mentor teacher (if one was present), relationship with
administrators, and the teacher evaluation process at the school site were answered by
each beginning teacher. They also provided information on their academic background,
teacher preparation program, and provided a definition of inquiry. After this information
was collected from the beginning teachers, a summary of each teacher was developed to
give context to each case.
The second document was an open-ended questionnaire that captured the
beginning teachers views on the nature of science. At the beginning and end of the school
year, beginning teachers completed the Views on the Nature Of Science - version C
(VNOS-C) (Abd-El-Khalick, Bell & Lederman, 1998; Lederman, 1999). After
completing the questionnaire, follow-up interviews were conducted by one research
associate to clarify teachers' responses. Questions were designed to elicit participants'
beliefs about the tentative and subjective nature of science, the role of society and culture
in science, the difference between observation and inference, the role of theories and laws
in science, and the role of creativity and imagination in science. The nature of science
questionnaires and interviews were used to complete summaries of each participant's
views of the nature of science. Details on this process can be found in Abd-El-Khalick,
Bell and Lederman (1998).
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Interviews about teaching and teacher beliefs. Two interview formats were used
during this study. To collect participants' perceptions about teaching, semistandardized
interviews were used (Berg, 1998). Berg (1998) states that a semistandardized interview
involves a number of predetermined questions that address the research goals, and that
are presented in an order and language appropriate for the people in the study. The
interviewer can digress or probe beyond the predeveloped questions in order to gain a
further understanding of the topic discussed (Berg, 1998; Bogdan & Biklen, 1992;
Marshall & Rossman, 1989). Questions and the follow-up probes, for e.xample, included:
Define inquiry in the classroom, have you implemented any inquiry lessons in the
classroom (if yes, describe these lessons; if no, why not), describe a lesson that you were
pleased with, describe a lesson that you were not pleased with, and please talk about your
e.\periences during the year. Similar to the demographic information, these responses
were written as summaries, and when appropriate, integrated into beginning teacher cases
to expand or clarify related topics.
Teaching beliefs were captured using an open-ended interview at the beginning
and end of the school year. The interview protocol included questions modified from the
Teacher's Pedagogical Philosophy Interview (TPPI) (Richardson & Simmons, 1994).
Selected questions were used to develop an understanding of how the beginning teachers
viewed students and teaching, as well as what underlying beliefs impacted their
instructional decisions. Details about this interview process can be found in Adams and
Krockover (1997), Luft (2001), and Richardson and Simmons (1997). Categories
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generated by each research associate were compared to each other to produce a summary
of teaching beliefs for each participant over the year.
Observations of practice. Each teacher was observed at least seven times during
the school year by project staff (two graduate associates and a professor). Feedback from
the observations was given to each beginning teacher through a clinical supervision
protocol (Acheson & Gall, 1997) that included a pre-conference to determine areas to
observe, the observation, and a processing post-conference. The objective of the postconference was to provide a forum for the participants to examine and challenge their
teaching beliefs and practice. Documents associated with the lesson, such as worksheets
or lab handouts, were also collected by the researchers. At the conclusion of each session,
a written summary was created by the researcher that described the format of the lesson,
the interactions between the teacher and students, notable events in the classroom, and
the discussion between the researcher and the teacher. Supporting classroom documents
were attached to this record.
Additional artifacts. Throughout the study additional documents were collected to
capture the experiences, practices, and beliefs of the participants. These included personal
and list-serv email messages, observations of induction workshops, and phone calls to
research staff from participants. Some of the documents were solicited by researchers,
while most were not. These documents were integrated appropriately and accordingly
into the individual beginning teacher cases.
Induction Program Evaluation. At the end of the study participants were asked to
reflect on their experiences in the induction program. They were asked what aspects of
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the program were valuable to them and which aspects they would change, what practices
modeled in the induction program they implemented or intend to implement next year.
The interview also asked how the induction program complemented or added to their preservice experiences.

Data Analysis
At the end of the study questiormaire, interview and observation data were coded
and categorized by three project staff (Miles &, Huberman, 1994). Initially the nature of
science questionnaire, inquiry knowledge and examples of inquiry, TPPL (beliefs)
interviews and practice data were coded separately. The data analysis for each of these
data sets will be discussed in detail. Detailed coding charts for the teaching beliefs and
nature of science interviews can be found in Appendix B.
The nature of science questionnaires and interviews were used to complete
summaries of each participant's views of the nature of science. The summaries included
participants' views on the tentative nature of science, the subjective nature of science, the
role of observation, inference, creativity and imagination in science, the role of society
and culture in science, and the relationship between laws and theories. Details on this
process can be found in Abd-El-IChalick, Bell and Lederman (1998). The individual
summaries were further reduced to a statement about what science is, how and why it is
conducted.
Three researchers independently and collectively analyzed each of over fifty
transcribed TTPl interviews generated from ASIST participants in the past four years.
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Through this process the major concepts, themes, or categories present within each
response were identified. Categories that emerged from the transcripts of the interviews
served as the building blocks of grounded theory (Glaser & Strauss, 1967). The emergent
categories for the first seven questions were traditional, instructive, transitional, early
constructivist, and experienced constructivist. The categories for the last question were
based on different models of science teaching: product, procedural, process, inquiry, and
relevance. These categories were emergent fi-om the data and also refer to the work of
Edge (1984). Details of these categories and the coding schemes developed are included
in Appendi.\ B.
The TPPI interviews were audiotaped and coded by two science education
graduate research associates. Completed interviews were coded by a research associate
and resulted in participants' responses being categorized as traditional, instructive,
transitional, early constructivist, or experienced constructivist beliefs. Traditional and
instructive responses represent teacher-centered beliefs, while early constructivist,
experienced constructivist responses represent student-centered beliefs. Transitional
responses reflect a view that unlike teacher-centered responses includes students but only
at a surface level. Categories generated by each research associate were compared to each
other to produce a summary of teaching beliefs for each participant.
Observation data were analyzed for any evidence of inquiry-based lessons. A
summary document was generated from each classroom observation that included the
content objective for the lesson, the instructional strategies used, and how well the
objective was met. Summaries were merged to provide an image of practice for each
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individual teacher. Practice codes were generated from these individual observation
summaries, the emergent practice codes were process-oriented, traditional, and inquiry
orientations to teaching science. Guidelines from Magnusson, Krajcik, and Borko (1999)
were consulted in determining these categories. Practice described predominantly as
process-oriented entails the teacher engaging students in activities designed for them to
learn process skills rather than content. Traditional practice refers to teachers primarily
present information through either lecture or discussion, use laboratory activities to verify
or provide a visual picture of concepts, and use assessment to hold students accountable
for facts. Inquiry teachers have students define their own questions, collecting and
analyze corresponding data, and draw conclusions. The quality of any inquiry-based
instruction was analyzed using two measures, an analysis of the five essential features of
inquiry following the guidelines of the National Science Education Standards for Inquiry
(NRC, 2000), see Table 3.4, and the Extended Inquiry Observational Rubric (EIOR)
(Luft, 1999), see Table 3.5.
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Table 3.4.
Essential Features of Classroom Inquiry and Their Variations (NRC, 2000, p.29).
Essential
Feature

Variations

I. Learner
engages in
scientifically
oriented
question

Learner poses a
question

Leamer selects
among
questions.
poses new
questions

Leamer
sharpens or
clarifies
question
provided by
teacher.
materials, or
other source

Leamer
engages in
question
provided by
teacher.
materials, or
other source

2. Learner gives Learner
priority to
determines
what constitutes
evidence in
evidence and
responding to
questions
collects it

Leamer
directed to
collect certain
data

Leamer given
data and asked
to analyze

Leamer given
data and told
how to analyze

3. Learner
formulates
explanations
from evidence

Leaner
formulates
explanation
after
summarizing
evidence

Leamer guided
in process of
formulating
explanations
from evidence

Leamer given
possible ways
to use evidence
to formulate
explanation

Leamer
provided with
evidence

4. Learner
connects
explanations to
scientific
knowledge

Learner
independently
examines other
resources and
forms links to
explanations

Leamer
directed toward
areas and
sources of
scientific
knowledge

Leamer given
possible
connections

5. Learner
communicates
and justifies
explanations.

Learner forms
reasonable and
logical
argument to
corrununicate
explanations

Leamer
coached in
development of
communication

Leamer
provided broad
guidelines to
sharpen
communication

More
Less

Leamer given
steps and
procedures for
communication

Amount of Learner Self-Direction
Amount of Direction from Teacher or Material

Less
More

Table 3.5. Extended Inquiry Observational Rubric (Lufl, 1999).
1

'I'opics

I'hroughout a majority of
Cooperative learning is
the inquiry lesson,
occasionally integrated
into the inquiry lesson. A students are working
independently, or working
few elements of
cooperative learning are independently in groups.
apparent or utilized by the
tcacher.

Cuupcralivv
Learning

Cooperative learning is
integrated throughuut the
inquiry lesson.
Specincally, groups of
students have roles
(deflned or undefnied);
there is positive inter
dependence, individual
accountability,
interpersonal and small
group skills, and group
processing throughout the
inquiry lesson.

Cooperative teaming is
C\)opcrativc learning is
frequently integrated into partially integrated into
the inquiry lesson. A
the inquiry lesson. Some
elements of cooperative
majority of cooperative
learning are present, or
learning elements are
consistently evident, or all aspects of cooperative
aspects of cooperative
learning are utilized
learning are utilized
periodically.
frequently.

Teacher as
Guide

The teacher ol\en guides
students by listening,
observing, and
questioning. 'I'eacher
responses arc primarily
goal-orientated, emerge
from students' responses
ur work, and are used to
guide students'
investigation.

The teacher frequently
guides students by
listening, observing, and
questioning. Teacher
responses frequently
emerge from students'
responses or work, and
they arc used to guide the
investigation. Goalorientated statements niay
occur.

The teacher occasionally The teacher-student
guides students by
interaction is primarily
listening, observing, and tcacher initiated. The
questioning. The
teacher responses are
responses are primarily
primarily about the
tcacher-dirccted, and often correctness of the
clarify students' ideas or students' ideas,
direct students' ideas.
knowledge or
comprehension questions,
Goal-orientated and
or directive stalemeiUs.
guiding statements may
Goal-orientated and
occur.
guiding statements may
occur.

AssessiiienI

The assessment is
integrated throughout the
inquiry lesson; il lakes on
multiple forms; and it
provides summative,
formative, educative, and
evaluative feedback.

Different forms of
assessment occur
frequently throughout the
lesson. The assessment
may be summative,
formative, educative, or
evaluative.

The assessment occurs
The assessment is
The assessment has
periodically throughout
occasional, occurs in one primarily one form that
the lesson. The assessment ur limited fonns, anil/or has an emphasis at the
conclusion of the lesson.
primarily captures
primarily represents
students' understanding, students' knowledge,
students' abilities and/or
students' knowledge.

The teacher-student
interaction throughout the
lesson is predominately
comprised of low-level
and/or directive
statements.

Student
Student to student
Coininunicatioii interactions and actions
& Action
are conunonly studentinitiated, reflective, and
directed towards
understanding and
planning.

Student to student
interactions and actions
are frequently studentinitiated, reflective, and
directed towards
understanding and
planning.

Student to student
interactions and actions
are periodically studentinitiated, reflective, and
directed towards
luiderstanding and
planning.

Student to student
interactions and actions
are occasionally studentinitiated, reflective, and
directed towards
understanding and
planning.

Student to student
interactions and actions
arc infrequent and oflen
depend upon teacher
intervention.
Occasionally, students
may ask questions that are
directed towards
understanding.

Inquiry
Question

Student groups identify
and rcflne questions that
can be answered through
an investigation and
address a concept. I'he
identified questions
directly relate to the
question generating
experience, The selected
question is new
knowledge and of interest
to the student group.

Student groups identify a
question that can be
answered through an
investigation and
addresses a concept. Most
questions arc refnied and
relate to the question
generating experience.
1'he selected question is
new knowledge and of
interest to the student
group.

Student groups identify a Most student groups
Refined questions arc
provided (directly or
question that can be
identify a question that
can be answered with an indirectly) to all student
answered with an
investigation. Some
groups, and/or a majority
investigation, i-ew
questions are refined
questions are refined,
of the questions pertain to
address a concept, and/or and/or some relate to the skill acquisition or print
few relate to the question question generating
research.
experience. The selected
generating experience.
The selected question may question may or may not
or may not be new
be new knowledge or of
knowledge or of interest interest to the student
to the student group.
group.

Designing liud
Conducting a
Scientific
investigation

Developed investigations
align with the selected
question. Investigation
procedures are developed
by the students and they
are thorough, yet subject
to revision during the
experiment. Appropriate
tools and techniques are
s|)eciried for thorough
data collection.

Developed investigations
frequently align with
selected questions.
Investigation procedures
are developed by students
and most are thorough or
comprehensive.
Appropriate tools and
techniques arc specified
for collecting most of the
data.

Most investigation
procedures align with the
identified question. Most
procedures and data
collection schemes are
coniplete. Tools and
techniques are specified
for the data collection.
The data collection
scheme collects most of
the data that is relevant to
the investigation.

Most investigation
Most investigation
procedures align with the procedures align with the
identified question. Tools identified question.
Procedures and data
and techniques are
collection schemes are
specified for the data
collection. The procedures complete as a result of
and data collection
tcacher direction. Without
schemes are preliminary teacher intervention the
data collection schemes
and/or are unrevised.
are incomplete.

Galheriiig and Students are attentive tu Students are attentive to Most students are
Analyzing Data collecting accurate data, collecting accurate data, attentive to collecting
Students examine the data Most students examine the accurate data. Most
in different ways, they
data in different ways,
students examine the data
develop explanations from develop explanations from difTerent ways, develop
the data, they create
the data, and create
explanations from the
appropriate graphical
appropriate graphical
data. Graphical
representations, and they representations. Most
representations may or
may not be appropriate.
think critically and
students think critically
Some students think
logically about the
and logically about the
relationship of cviiici\cc relationship of cvidciice critically and logically
and explanation.
and explanation.
about the relationship of
evidence and explanation.
Sharing uf
Students communicate the Most students
Extended
process of their
communicate the process
Investigation investigation, explain their of their investigation,
method of analysis,
discuss their analysis and
discuss logically their
conclusions, identify
argument, identify
limitations of the study,
limitations of the study,
and respond to comments
and respond to comments or questions.
or questions.

Most students
communicate about the
process and the
conclusions of their
investigations. Basic
analysis and limitations
are present, and students'
responses to questions or
comments are simplistic.

Some students arc
attentive to collecting
accurate data. Most
students make basic
analyses, with graphical
representations that may
or may not be accurate.
Some students may or
may not be aware of the
relationship between
evidence and explanation.

Most students
communicate about the
basic and fundamental
processes utilized in the
investigation. Students
may or may not identify
limitations and respond to
questions.

Students are focused on
collecting data. Analy.scs
are basic, and graphical
representations may or
may not be accurate.
Some students may or
may not be aware of the
relationship between
evidence and explanation.

Most students present
limited information about
the process of their
investigation.

o\
Ul
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The type of support participants derived from the induction program was coded
into five categories: psychological, management, logistical, instructional, and
philosophical (Brockmeyer, 1998). Psychological support being defined as emotional
support, positive regard, and empathetic listening (Gold, 1996). Management support
being assistance in organization, discipline and routines in the classroom. Logistical
support being assistance in locating of supplies, utilization of resources and school
procedures. Instructional support is related to issues of pedagogy and the enactment of
lessons. Philosophical support provides the research and standards background related to
the advocated methodologies and practices. The degree to which the participant's teacher
preparation program influenced these types of support was also analyzed.
These multiple data sources were used to develop individual cases for each of the
participants (Yin, 1994). Each case included a personal profile on academic preparation
and school setting, knowledge of the nature of science, and a thick description of
development in beliefs and practices over the course of the year. Using the guidelines of
Yin (1994) each embedded unit of analysis was analyzed separately within each case.
Constant comparative method (Glaser & Strauss, 1967) allowed for the comparison of
incidents applicable to each category, as well as the subsequent integration and
refinement of categories. These cases provided detailed insight into the teachers'
knowledge and beliefs, practice, and experiences during their first year of teaching. Cases
were then compared and contrasted to one another to understand the trends that e.xisted
between the different initial certification programs. This analysis was aided by the use of
meta-matrices (Miles & Huberman, 1994) which allowed for a systematic comparison of
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the cases using the variable of analysis as the initial teacher preparation program. Trends
within and between groups were analyzed by looking for themes and patterns in beliefs,
practice, knowledge and type of support from the induction program.
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CHAPTER W
PRESENTATION OF FENDINGS

This chapter describes the teaching beliefs, views of the nature of science,
understanding and implementation of inquiry-based instruction, common classroom
practices, and interaction with the induction program of the eight participants. Individual
cases are presented for each participant based on the data from interview transcripts,
surveys, and classroom observations. Following the presentation of individual cases,
summary tables are provided to represent comparisons between and within participant
groups.

Individual Cases
Profile of Vanessa's Beliefs. Views of Nature of Science. Practice, and Support
Vanessa is in her first year of teaching at a rural high school with a student
population that is predominantly Hispanic/Latino. She is one of four 9"^ grade earth
science teachers. Earth science is required for all freshman students, while there is a
common text the teachers are able to make individual curricular decisions. Previously
Vanessa worked as a field geologist and field botanist. She decided to teach because of
her positive experiences as a graduate teaching assistant while working on her Masters
degree in geology, she won an award for excellence in teaching as a graduate student.
After investigating teacher preparation programs in the area she selected the M.Ed.

67

(science emphasis) program because it was configured specifically for science teachers
with strong content background.
Vanessa feels that the M.Ed, program was "excellent, it was rigorous in terms of
time and commitment but very complete." She focused her comments on the "built in
reflective element of the program"; this ability to reflect on her teaching allows her to
"constantly evaluate her beliefs and practices and implement changes" now she is in her
first year of teaching. She also valued having a full year of student teaching that allowed
her "to find her feet and try out inquiry methods for herself. The first semester she
focused on management strategies and the second semester she focused on instructional
strategies, particularly inquiry-based instruction. She was able to design and implement
an SSCS cycle of rock and mineral formation during the middle school component of her
student teaching. Her exit project for the M.Ed, program was an action research project
related to inquiry-based teaching and assessment.
Teaching Beliefs
Vanessa's initial responses in the teaching beliefs interview were predominantly
transitional and early constructivist, as shown in Figure 4.1. She believes that the content
will not be easy for the students and believes that she needs to make the lessons
interesting for the students, "to hook them into the lesson and have fun with the
activities." She also believes that it is critical that she assesses the students' prior
knowledge before designing activities to meet her content goals. She stresses cooperative
learning as a critical factor in maximizing student learning, "they have to process together
what they need to do, organize what they already know and what they have learned to be
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able to present as a group, each individual brings their own skills to this process, they
learn from each other." Vanessa is a strong proponent of generative learning; she has
designed a curriculum that uses "small building steps to create larger concepts, so each
step reinforces the next." She knows learning is occurring when students are able to relate
previous concepts to the current topic, but most importantly when they are "e.xcited by a
project and go beyond the main concepts they were expected to incorporate."
Figure 4.1. Initial teaching beliefs bv category - Vanessa

V 2.5

trad

inst

trans

early

exp

Category
Views on Nature of Science
Vanessa holds contemporary views of the nature of science that are well
substantiated by ideas from a class on the history and philosophy of science and accurate
content examples. She expresses the view that science is one way to solve a problem;
science answers questions thorough observation and the collection of empirical data and
cannot consequently answer philosophical questions. Vanessa views science as tentative,
subjective, and involving human inference and creativity; she is able to give accurate
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scientific examples from the discipline of geology to back up these views. Vanessa also
views science as being socially and culturally embedded, she states that "some aspects of
science are universal, the earth revolves around the sun wherever you stand, yet coming
to this point of view was affected by the religious and cultural views of the 1600s."
Classroom Practice
Vanessa was observed to use two major teaching strategies: conceptual
development activities and inquiry activities. The first week of school she taught students
how to concept map and asked students to make a concept map on "earth science." The
goal behind this activity was to access students' prior knowledge and provide a "baseline"
for both Vanessa and her students to talk about learning over the course of the semester
and year by comparing this concept map on earth science to subsequent concept maps.
Vanessa used cooperative learning techniques to facilitate the brainstorming of keywords
on the concept map. Another concept development lesson involved students using
geologic maps to learn about different types of plate boundaries. Students drew threedimensional pictures at different map locations to understand the movement of the plates;
at this point Vanessa introduced terms and concepts that the students were able to connect
to their drawings.
Vanessa was observed to use two types of inquiry in her classroom: guided
inquiry and SSCS. For example, she used a guided inquiry to have students use fossil
evidence to infer the ancient, geologic environment in Payson, Arizona. While this
activity did include the five essential features of an inquiry classroom (NRC, 2000, p.29),
the scientific question, data collection and analysis procedures were given to the students.
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The EIOR score for this inquiry was 14/40, see Table 4.1. The SSCS cycle that Vanessa
used based on rocks and minerals, students refined their own research questions, asking
things such as, "What is the effect of temperature on crystal grov,rth?" During the twoweek inquiry students designed their own data collection and analysis tools, completed a
veemap and presented their findings to the class. The EIOR score for this studentcentered inquiry was 27/40.
Induction Support and Change
Vanessa appreciated the psychological support she received from ASIST
workshops. She was working in a predominantly Hispanic school with a lot of non-native
English speakers, as well as two classes with high proportions of special education
students. She appreciated "having an opportunity to share my problems with others in
similar situations and find out other ways to deal with the situation and help my
students." While ASIST did not provide direct instructional support it provided an
environment where inquiry was valued and she was able to refine her lesson plans and
enactment of inquiry through interactions with ASIST staff. Vanessa was also committed
to helping other ASIST participants to enact inquiry-based lessons, she formed a bond
with Cindy, initially due to their similar school contexts, but ultimately Vanessa was able
to significantly help Cindy with her lesson planning. Vanessa's interactions with Cindy
were not only beneficial for Cindy but also for Vanessa, as she stated "it really helped me
to think through why I do what I do."
This was a frustrating year for Vanessa; her experiences implementing inquiry
lesson in her student teaching were very different. She felt the students at the high school
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were "not as motivated or able to do inquiry as the students when student teaching." She
felt that she had to "spoon-feed the students," for example providing them with data
tables, whereas in her student teaching experiences students were able to create their own
data tables. Despite these frustrations, Vanessa continued to implement inquiry lessons
and was able to maintain her student-centered beliefs, see Figure 4.2.
Figure 4.2. Initial and final teaching beliefs bv category - Vanessa

•pre
•post

trad

inst

trans

early

exp

Category

Profile of JoAnn's Beliefs. Views of Nature of Science. Practice, and Support
JoAnn is in her first year of teaching at a suburban high school with an
upper/middle class student population that is predominantly Anglo. She is one of two
nth/12th-grade

physics teachers. Physics is an elective course for juniors and seniors

fulfilling their science graduation requirements. JoAnn teaches two sections of honors
physics and three sections of conceptual physics. JoAnn entered teaching directly from
graduate school where she completed an MA in analytical chemistry, serving for two
semesters as a teaching assistant in undergraduate chemistry labs. JoAnn was interested
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in education when she entered the Ph.D. chemistry program, intending to obtain an MA
in chemistry education prior to completing a traditional research Ph.D. She was required
to take nine units of education courses as part of her chemistry education program, her
interactions with students and faculty in education lead her to ultimately pursue a
teaching career at the secondary level. She selected the M.Ed, (science emphasis)
program because she developed rapport with other M.Ed, students and faculty while still
pursuing her chemistry degree.
JoAnn feels that the M.Ed, program prepared her very well, especially in areas of
curriculum development and understanding how students learn. The only area she felt
she needed more information on was management techniques. She also valued having a
full year of student teaching, particularly her semester teaching chemistry that allowed
her to try different inquiry pedagogies and get feedback from her e.xperienced
cooperating teacher. JoAnn also chose to focus on inquiry for her exit project for the
M.Ed, program; the project was a webpage that discussed different inquiry
methodologies, how to convert traditional labs to inquiry, and sample lesson plans.
Teaching Beliefs
JoAnn's initial responses in the teaching beliefs interview are predominantly
constructivist, as shown in Figure 4.3. JoAnn believes that she is not the authority figure
in the classroom. She decides what to teach based on both student interest and prior
knowledge of content, based on this she describes her role as a teacher as "coming up
with good guiding questions or demonstration and then letting the students generate ideas
and be creative, inquiry is the key." She believes that all students learn differently but
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that •' inquiry accommodates all of these different learning styles." JoAnn knows her
students understand when "they are excited about their learning, but also that they can
present their new knowledge to other students making connections to other topics and the
broad ideas of physics." JoAnn struggles with her beliefs that students learn by
formulating their own questions, and developing their own knowledge and connections to
other materials and the traditional views of the students and parents about being tested on
"the basics, being able to solve simple physics problems."
Figure 4.3. Initial teaching beliefs bv category - JoAnn
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Views on Nature of Science
JoAnn holds contemporary views of the nature of science, that are well
substantiated by ideas from a class on the history and philosophy of science and accurate
content examples. She describes science as " one of several institutions, including
religion and philosophy, that attempt to describe the world around us, but unlike other
institutions science relies on observation and evidence." JoAnn views science as
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tentative, subjective, and involving human inference and creativity; she is able to give
accurate scientific examples from the discipline of chemistry to back up these views. She
is very clear on her definition of theories and laws; "theories are coherent explanations of
a system, an elaborate collection of facts and laws used to explain and guide future
research, whereas laws just describe the relationship between two parts of the system."
JoAnn also views science as being socially and culturally embedded, she uses the
example of astronomy and the religious views of society in the 1600s to make her point.
Classroom Practice
JoAnn frequently uses of inquiry-based instruction in her classroom, all of her
observed laboratory activities included the five essential features of inquiry (NRC, 2000,
p.29). The first week of school she used a teacher directed inquiry designed to develop
the concepts of distance, time, speed, and acceleration. The question and procedures were
provided by Jo Arm, with the students being directed to measure the speed of a dropped
tennis ball and a battery-powered car on a three-meter track. JoAnn also directed the data
analysis by specifying what graphs to plot and explaining how to interpret the graphs. In
future observations her laboratory instruction became less teacher-directed with students
designing their own procedures and data analysis, very rarely however did students get an
opportunity to select and refine their own question. The quality of the inquiry lessons
improved with an EIOR score of 12/40 for the first laboratory activity, and scores ranging
from 22 to 24/40 for subsequent inquiries, see Table 4.1. JoAnn did not incorporate
cooperative learning strategies into her inquiry lessons, yet she was able to establish an
environment where student-student interactions were firequent and productive. This
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environment was in part created by JoAnn's questioning strategies; she was very skilled
at asking probing questions that helped to guide small group discussions. Assessment
took on different forms, including veemaps and presentations.
JoArm was observed to use direct instruction periodically though it took an
interactive discussion format rather than straight lecture. For e.xample, when introducing
concepts related to angular motion she asked the students questions about linear motion
to access their prior knowledge before introducing the new concepts. She also frequently
used a small group to large group format, asking a conceptual question for the small
group to discuss before discussing in a large group.
Induction Support and Change
JoAnn originally had mixed feelings about participating in .ASIST, she stated "as
an M.Ed, student I know all of these instructional and assessment ideas very well, I'm not
sure what I will get out of it?" She found, however, that she really appreciated the
psychological support that ASIST provided. Her school environment was not very
supportive of her use of inquiry and she quickly became frustrated with parent phone
calls, student complaints about not preparing them for the AP physics exam, and nonsupportive experienced colleagues at the school. ASIST was a "safe place" for her to
"vent and receive emotional support." While ASIST did not provide direct instructional
support it provided an environment where inquiry was valued and she was able to refine
her lesson plans and enactment of inquiry through interactions with ASIST staff
Observations and ASIST meetings provided a philosophical sounding board for JoArm,
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as she stated "it really help me to reflect on what I was doing in the classroom and why I
made certain decisions."
Figure 4.4. Initial and final teaching beliefs by category - JoAnn
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This was a frustrating year for JoAnn who was very upset about her classroom
practice, specifically not allowing students to select their own questions. She felt the
students thwarted all attempts at inquiry-based instruction and she compromised by
providing the question herself and only requiring them to design their data collection and
analysis schemes. She also expressed that she felt limited by teaching physics, an area in
which she was not comfortable despite having a physics minor. Despite these fhistrations,
Joann was able to maintain her student-centered beliefs, see Figure 4.4, and frequently
used inquiry-based instruction in her classroom.
Profile of Yolanda's Beliefs. Views of Nature of Science. Practice, and Support
Yolanda is in her first year of teaching at an urban middle school with a
predominantly Hispanic and low socio-economic status student population. She part of a
team of sixth grade teachers at the school, responsible for teaching two periods of math.
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two periods of science, and one period of reading. The science and math sections are
blocked together such that students take math and science from Yoianda in back to back
periods. Yoianda entered teaching directly from her undergraduate degree where she
completed a B.Ed, in Elementary Education; this included six credits of science environmental science and astronomy. Prior to her undergraduate degree Yoianda served
in the Navy for five years. Yoianda was interested in education because she wanted to
"make a difference in the life of a child." She focused on elementary teaching as this did
not require her to major in any one subject but that she could be the "keeper of general
knowledge."
Yoianda feels that her undergraduate program prepared her as best as any
program could, she sees teaching as a "trial by fire, you can only do so much to prepare
anyone for the reality of the classroom!" She particularly valued the management and
reading strategies that were shared by her instructors but did not feel that she was
prepared to teach science. Her science methods course focused mainly on management
and was a thematic course on "air," looking in detail at how to teach this topic, for
example what labs could be used with minimal equipment. Yoianda felt she learned a lot
about "air" as a topic, but she does not teach "air" as part of her curriculum. Her student
teaching experience was a semester long placement at the first-grade level. She was able
to plan a unit of the Sonoran Desert, which included commercially available science kits
on sand and pebbles. She valued the experience as it helped her to realize that she was
better suited to teaching older students, but the experience did not prepare her for
teaching a content course, such as math or science, at the middle school level. She
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expressed the feeling that this year is really like student teaching again, learning about
different students and content.
Teaching Beliefs
Figure 4.5. Initial teaching beliefs by category - Yolanda
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Yolanda's initial responses in the teaching beliefs interview were predominantly
traditional and instructive, as shown in Figure 4.5. She personally knows she has learned
something when she can remember or recall it. This is mirrored in how she knows when
her students understand, "I know they understand when they can explain it back to me.
Those students who do not get it the first time need to come in for extra help. Once most
students "get it" time dictates that we must move on to the next topic." Yolanda does not
have high expectations for the abilities of her students, in deciding what to teach she
would like to ask them but "they just want to blow things up, and anyway there are things
that are useful for them to know and things they need to know." Yolanda sees her role as
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providing them with the knowledge that they need either for "life skills" or to pass the
upcoming standardized tests and making it interesting enough that they can recall it when
needed.
Views on Nature of Science
Yolanda holds traditional views of the nature of science. She did not take a course
in history and philosophy and has limited content knowledge on science and struggled to
give e.xamples, when she was able to give an e.\ample it was inaccurate. In her view
science and religion have an equal footing, Yolanda argues "who are we to argue the
theory of evolution vs. creation. No one can intelligibly argue that what Adam called a
pig was not in fact a triceratops." She is not able to see the role of observation and
empirical data in science. Questions that can be answered by scientists are those "that can
be tested in a controlled environment using controls and variables", other questions, such
as evolution, are open to debate. In her operational definition of what science is and how
it is conducted, there is a step by step process that scientists follow, while imagination
and creativity is valued in design of experiments the analysis phase is objective and clearcut. Within this narrow view of science as controlled testing of hypotheses Yolanda sees
science as universal, not a reflection of society and culture.
Classroom Practice
Yolanda was frequently observed to use hands-on activities and projects with her
students. None of these activities however included all five essential features of
classroom inquiry (NRC, 2000, p.29). She fi*equently used projects that required students
to build models, for example of plate tectonics or volcanoes. These activities were
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designed to give students a visual picture of a phenomena and also to keep them engaged.
However, the students were not engaged in a scientific question, or collecting data to
understand the phenomena. The one activity where students were engaged in a scientific
question involved mapping out sensations on their hands. However, Yolanda did not help
students to connect their data to scientific knowledge but used it to teach them how to
construct a graph correctly. Students were assessed on their lab notebooks for all of these
activities, with points being awarded for neatness, correct order of sections, correctly
labeled graphs etc., not for any conclusions or scientific knowledge gained from the
activity.
Induction Support and Change
Yolanda relied on both ASIST and her district throughout her first year of
teaching. Colleagues on her teaching-team and other science teachers provided
psychological, managerial, and logistical support. For example, the focus of the middle
school teams was to discuss students and management issues. While ASIST did provide
some feedback on management issues, Yolanda predominantly used ASIST for
psychological and instructional support. She stated that the two aspects she found most
useful form ASIST were the "camaraderie of the other teachers, particularly the ones like
me with no science background" and " I always left with something to try in my
classroom, without ASIST I don't know where I would have started to teach science."
In her final responses on the beliefs interview Yolanda demonstrated some small
steps towards transitional beliefs, see Figure 4.6. Many of her beliefs remain teachercentered; for example, in her lesson plans, management and time still dictate the flow of
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her units rather than student understanding. Activities are planned "to be safe and keep
students occupied so they do not goof off." However, Yolanda has started to see her
students as part of her classroom, she stated "curiosity should be a driving force, students
actually can come up with question if I help them!" She also stated in her final interview
the value of having students explain what they learned from the lab in their own words "I ask them can you explain it or teach it to your parents? This has been a very powerful
thing that I need to do more next year."
Figure 4.6. Initial and final teaching beliefs by category - Yolanda
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Profile of Cindy's Beliefs. Views of Nature of Science. Practice, and Support
Cindy is in her first year of teaching at an urban middle school with a
predominantly Hispanic and low socio-economic status student population. She is part of
a team of eighth grade teachers at the school, responsible for teaching five periods of
physical science. The school does not have a set science curriculum and Cindy can teach
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anything related to science in her classes. Cindy entered teaching directly from her
undergraduate degree where she completed a B.Ed, in Elementary Education, this
included si.\ credits of science - environmental science and astronomy. Prior to her
undergraduate degree Cindy worked for three years as a pre-school teacher. Cindy was
interested in pursuing a career in education because she loved "seeing things through a
child's eyes and feeling their sense of wonder."
Cindy feels that her undergraduate program did not prepare her well to teach
science. The best learning e.xperience for her was some substitute teaching she did during
her undergraduate program. She feels that the elementary program would be beneficial if
she were teaching multiple subjects at a lower grade level, but not to teach any one
subject in depth. Her science methods course focused mainly on hands-on activities that
could be used in elementary classrooms, with a focus on demonstrations and center work
that complemented a literacy program. Her student teaching e.xperience was a semesterlong placement at the sixth-grade level teaching social studies. Her cooperating teacher
only had three years of e.xperience and was able to give her only limited feedback on her
teaching. The most valuable part for Cindy was being able to plan and instruct a "science
in social studies" integrated unit.
Teaching Beliefs
Cindy's initial responses in the teaching beliefs interview were predominantly
transitional with a few instructive responses, as shown in Figure 4.7. Cindy wants to set
up her classroom so her students can take control of their own learning. She picks topics
that she believes students will be interested in and that also allow for plenty of hands-on
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activities. For Cindy, hands-on activities means that students are doing the work, be it
reading, doing experiments, or presenting to the class. She knows she has "missed it and
it is time to move on when the students are glassy-eyed and not involved in the activity."
In terms of student understanding Cindy believes in frequent assessment, informally can
students explain a concept back to her, can they follow the directions in an experiment,
and more formally with tests. She expresses the concern that "there must be something
other than testing, but there's no other way I know how."
Figure 4.7. Initial teaching beliefs bv category - Cindv
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Views on Nature of Science
Cindy holds a mix of traditional and contemporary views about the nature of
science. She is unable to back up her ideas with appropriate examples or depth of
thought. She does view science as tentative; "with more modem technology we can
collect new evidence that dislodges existing knowledge." She also views science as being
subjective in relation to "a person's cultural and religious beliefs that can affect the
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interpretation of data." She cannot, however, give definitions for theories and laws, and
holds the view that there exists a hierarchy between the two where once proven a theory
becomes a law. She also holds to the existence of a scientific method that is followed by
all scientists, that method involves "using controlled variables to attempt to refute a
hypothesis. The scientific process should eliminate variables and possibilities that are
unmeasurable." Cindy sees a place for creativity and imagination in the scientific process
but see relates the role of creativity to inventors rather than scientists following the
scientific method.
Classroom Practice
Cindy's instruction for the first semester was focused on skill attainment. Students
completed a process-oriented lab using whirlygigs to leam about controlling variables,
data tables, and graphing. Students also completed research projects on the issue of
tobacco usage and planning a mission to a planet of their choice. These projects were
primarily designed for students to leam how to use the library and Internet to research a
project, and how to use PowerPoint for presentations. Cindy also worked on teambuilding in her class incorporating several cooperative learning strategies into her lessons.
At the start of the spring semester Cindy decided to "jump in with both feet and
try an SSCS cycle." She worked with one of the ASIST mentor teachers to plan two lab
stations for the cycle, one on first class levers and the other on second class levers.
Question generation was problematic for the class with few students participating in the
group question generation process. The observer co-taught the next period with Cindy
helping her to incorporate some small to large group techniques to facilitate the
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brainstorming process. Ultimately, the students were able to generate appropriate
research questions that facilitated data collection and analysis. Cindy guided students
closely through the cycle, correcting their data collection procedures, and telling them
how to graph their data. She expressed concern about her content knowledge in physics
and that she needed to control this process as it was difficult for to think on her feet and
question students. This is reflected in her lower score for the "designing and conducting a
scientific investigation" and "gathering and analysis of data" categories of the EIOR, see
Table 4.1. Her total EIOR score for this inquiry lesson was 25/40, the number is high due
to her use of cooperating learning strategies throughout the cycle.
Induction Support and Change
Cindy received psychological support from both AS1ST and her teaching team at
her school site. Managerial support came primarily from her teaching team; they had
weekly meetings to discuss specific students and management strategies. Logistical
support was initially provided by her school but as Cindy started to implement more
laboratory lessons, and particularly inquiry lessons, she began to rely more and more on
ASIST to help her find supplies. Cindy relied almost exclusively on ASIST for
instructional and philosophical support. She had very preliminary notions about inquiry
from her teacher preparation program. Through the workshops and lengthy interactions
with project staff, mentor teachers, and other participants Cindy was able to fortify her
ideas about inquiry and implement these instructional strategies in her classroom.
Cindy was focused throughout the year on understanding inquiry instruction, not
only at the level of what are the steps, the mechanics of the process, but also
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understanding related aspects such as cooperative learning and alternative assessment
strategies. Cindy was very reflective about the group dynamics of her students when
working on an inquiry plan, she staled "Look they are all talking about levers! 1 can step
back from managing their behavior and actually listen to their conversations and
understand their thinking process!" Cindy's final responses on the beliefs interview also
showed a shift in her thinking and beliefs about teaching towards early constructivist, see
Figure 4.8. She was able to talk about the role of inquiry and social interactions between
students in terms of both her leaching and student learning.
Figure 4.8. Initial and final leaching beliefs bv categorv - Cindv
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Profile of Debbie's Beliefs. Views of Nature of Science. Practice, and Support
Debbie is in her first year of leaching at a suburban high school with a
predominantly Anglo, middle class student population. She is one of four biology
teachers at her school site. Biology is an elective course for sophomores, juniors, and
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seniors fulfilling part of their science graduation requirements. Debbie started her
undergraduate degree straight from high school and entered teaching directly from her
undergraduate degree where she completed a B.Ed, in Biology, with a split chemistry and
physics minor. She was interested in education because she wanted a job she could get
easily straight after leaving college.
Debbie feels that her undergraduate program was "pretty good, but nothing can
really prepare you as well as actually doing it." The only thing she felt lacking from her
undergraduate program was a second science methods class. She felt that she needed a
methods class more focused on organization and curriculum, rather than just inquiry. She
found the focus on inquiry to be too overwhelming. Her student teaching experience was
a semester long placement teaching biology at the same school where she is now
employed. Her cooperating teacher had over fifteen years of teaching experience and is
now her mentor at the school.
Teaching Beliefs
Debbie's initial responses in the teaching beliefs interview were a mix of
traditional, instructive, transitional, and early constructivist responses, as shown in Figure
4.9. Her beliefs are teacher-centered with respect to deciding what to teach, knowing
when her students learn, and maximizing student learning. She decides what to teach
based on information she believes will be useful to students in their future lives. To
maximize the learning of this material she plans different activities to "maximize student
exposure to the subject." The material has been learned when "the students can repeat it
back to me." Her beliefs are more student-centered with regard to her role as a teacher.
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making decisions about when to move on and knowing when learning is occurring. She
believes that the students need to be engaged in the material, "they learn best by doing
but if they are bored I need to move on or find a different activity." She also believes that
"students learn best when they are in groups and can help and teach each other."
Figure 4.9. Initial teaching beliefs by category - Debbie
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Views on Nature of Science
Debbie holds traditional views of the nature of science. She has a major in
biology and gives clear content examples in answering the questions, she has not
however taken a course in the history and philosophy of science. She views theories as
tentative, unsubstantiated ideas and that as we create new technologies and are able to
collect more data we can prove theories and they become facts. Testing a hypothesis or
idea should only involve creativity in the design phase, data collection and analysis
should be objective with no room for creativity or imagination. Cultural views like
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religion should be put aside when doing science so that the evidence can be looked at
objectively.
Classroom Practice
Debbie's classroom practice is predominantly traditional. Her main focus when
planning a unit or lesson appeared to be to keep the students active rather than developing
concepts, as one observer stated "while Debbie is interested in keeping [the students]
active, she doesn't know how to involve them in wrestling with concepts." Students were
responsible for several project activities, writing a resume for a cell organelle and a travel
brochure for a biome, for example. While these projects kept the students busy they were
not engaged in concepts about cells or ecology.
Debbie's lab activities were designed to be fun and to keep students occupied on
block days. For example, she used an activity entitled " cellular soap opera" where
students used bubbles to represent cell membranes and cell transport. The students spent
an hour playing with bubbles and ten minutes scribbling answers to the questions on the
lab sheet. In another activity students extracted DNA from Kiwi fruit, students followed a
procedure provided by the teacher and were successful in extracting DNA. The only
purpose to the activity however was to look at the DNA they extracted because the
students would "enjoy doing something cool." None of the observed laboratory activities
involved students investigating a scientifically-oriented question or formulating scientific
explanations and connecting them to scientific knowledge; the essential features of an
inquiry classroom were not present.
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Induction Support and Change
Debbie had several avenues of support open to her; ASIST, a district beginning
teacher program, and supportive colleagues. All three provided her with psychological
support. Logistical and managerial support came primarily from her district. The
workshops for beginning teachers provided by the district focused heavily on
management and lesson planning. While ASIST did provide some instructional support
most of Debbie's instructional support came from other teachers at her school site and the
te.xtbook materials available to her. In terms of inquiry-based instruction, ASIST
reinforced Debbie's ideas about inquiry from her preservice program. Her focus however
for her first year was not inquiry, as she stated in her exit interview "I wanted to gel
management under control, and focus on my content, you know make sure I'm
comfortable with it before I try any inquiry."
Figure 4.10. Initial and final teaching beliefs bv category - Debbie
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Debbie did not indicate receiving any philosophical support either from AS1ST or
her district. This is reflected in her final beliefs profile that shows her regressing a little
towards teacher-centered beliefs, see Figure 4.10. Her focus reverted from thinking about
students to a focus on content and behavior. For example, when asked, "how do you
know when learning is occurring in your classroom?" her initial interview response was
"when 1 see students helping and teaching other students". In her final interview her
response was "when they are paying attention and taking notes." Activities were chosen
to "keep the students occupied on block days" rather than for their connections to the unit
or student interest. Debbie also stated in her exit interview that she does not intend to
continue a career in teaching, she is actively looking for jobs in pharmaceutical sales.
Profile of Ron's Beliefs. Views of Nature of Science. Practice, and Support
Ron is in his first year of teaching at a small rural high school with a
predominantly Anglo, lower-middle class student population. He is one of two Q'^'-grade
integrated science teachers. He teaches three periods of integrated science, required for
all freshman, and two periods of 11'** grade chemistry, a science elective course. Ron
entered teaching directly from his undergraduate degree where he completed a B.Ed, in
earth science, with a biology minor. He initially intended to be an engineering major but
his early experience interning in an engineering company dissuaded him from this career
choice. He became interested in education through his involvement at the local
elementary school where his wife worked. His enjoyment of working with students and
love of science were his primary motivators for pursuing a teaching certification.
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Ron feels that his undergraduate program prepared him well, particularly his
science courses. He stated "I learned a lot of content from my geology and biology
courses, I had to work hard, but I learned a lot that I can use now in my classroom." The
only valuable experiences from his education courses were his field experiences, as he
stated "l learned from actually working with students rather than reading about it from a
book." His student teaching experience was a semester long placement at his local middle
school. He ultimately taught six periods of physical science, at first mimicking his
cooperating teacher and planning the last unit for himself - a crime scene investigation
unit. He valued the daily feedback form his cooperating teacher on his teaching and
lesson planning.
Teaching Beliefs
Ron's initial responses in the teaching beliefs interview were predominantly
traditional and instructive with three transitional responses,as shown in Figure4.II. Ron
is teacher-centered in deciding what to teach and how to assess students. He follows his
textbook closely; the only time he deviates from the text is if he is uncomfortable with the
content of a chapter. He moves on "once the chapter is covered and the students have
demonstrated thorough understanding on quizzes and tests." His beliefs are transitional
with regard to maximizing student learning, he believes they learn best "when they have
ownership in the material and are involved in hands-on activities." He also believes that
working in groups and discussing the materials "helps it stick in their minds."

93

Figure 4.11. Initial teaching beliefs by category - Ron
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Views on Nature of Science
Ron holds traditional views of the nature of science. Despite an earth science
major and biology minor, he struggles to give clear and appropriate examples to illustrate
his answers. Particularly in the venue of chemistry, Ron believes there is direct evidence
of the structure of the atom and the model of the atom is known. He views theories as
tentative, as scientists work to prove a theory it will change by being discredited or
becoming a law. He views data analysis as a subjective process, while he sees this as
unavoidable, it is not desirable, as he stated "interpretation of data can lead to possible
tunnel vision or a narrow-minded idea if one is not objective."
Classroom Practice
Ron's instruction is predominantly traditional, his instruction is teacher-directed
and his assessment is focused on memorization of factual information. Ron was

94

frequently observed reviewing for weekly quizzes or end of unit tests. These reviews took
on a variety of "game show" formats and focused on vocabulary. He interspersed his
lecture/discussion format with occasional laboratory activities and research projects. The
research project observed looked at scientists involved in the development of atomic
theory, while this engaged the students and incorporated some research skills, the content
objective was to learn the structure of the atom - for example, how many electrons,
protons, and neutrons are in an atom? Only one laboratory activity was observed in the
Fall semester, this was a canned activity on finding the density of gold that Ray adapted
to be what he called a "mini-inquiry." The activity did not however include all five of the
essential features of classroom inquiry (NRC, 2000, p.29). The activity asked students to
report which of three rings was the most valuable, to answer this question students were
required to calculate the densities of the three rings. The activity was not, however,
configured correctly for them to be able to explain or appropriately interpret their data.
The students were directed by Ron to answer the question using density and based their
answers solely on this data.
Ron was concerned that his activities were not "exciting" and introduced a
criminal investigations unit in the spring semester. The first activity of the unit involved
taking fingerprints and determining which of the three basic print types they had. The
second observed activity of the um't involved determining the identity of a mystery
powder. Ron gave explicit directions to the students about how to test the known
powders, and at no point in the lesson did students do more than follow directions. The
analysis involved matching the results from the known chemicals to the mystery powder
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and naming the unknown chemical. Students did not have to understand the chemistry
behind the reactions they completed or explain their results. The formulation of
explanations and connection of ideas to scientific knowledge, both essential features of
inquiry, were missing from this activity.
Induction Support and Change
Ron received most of his psychological and managerial support from other
teachers at his school. ASIST primarily provided logistical and instructional support. As
the only chemistry teacher at the school, Ron had no one to turn to for help with planning
and supplies. He used project staff to organize his supplies, and help to order equipment
and chemicals. He also relied on project staff and mentor teachers for lesson ideas and
examples of laboratory activities. He did not, however, appear to have received much
philosophical support from either ASIST or his district, as his focus for the year was
primarily on management and instruction.
Ron's final responses on the TPPI show some small shifts towards transitional, see
Figure 4.12. His views on student learning are more mixed in his final interview, he still
believes that he knows students understand "after a test or quiz." However, he expresses
the value in hands-on activities, as this provides a venue for him to interact with students
and probe their understanding, and also for students to interact and explain material to
each other. As he stated, "now I am more relaxed with management and organization, so
I am more willing to try things like inquiry that allow me to hear my students."
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Figure 4.12. Initial and final teaching beliefs by category - Ron
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Profile of Sally's Beliefs. Views of Nature of Science. Practice, and Support
Sally is in her first year of teaching at a suburban high school with a
predominantly Axiglo and upper/middle class student population. She is one of four Q'*"grade human biology teachers. Human biology is a required course for all freshman
students of which Sally teaches five sections. She entered teaching directly from graduate
school where she completed an accelerated, one-year M.Ed, in secondary education. She
selected the accelerated M.Ed, program because it a one-year program that would get her
into the classroom quickly. Prior to her teaching certification, Sally worked for a non
profit organization helping with math instruction in under-privileged elementary schools.
Sally enjoyed the accelerated M.Ed, program as it was fast-paced and allowed her
to complete her certification in a year. She expressed a need to have gone into more
depths in areas related to science and classroom management. She stated "we learned a
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lot of strategies, particularly for management that just don't seem practical now I am in
the classroom!" She valued having a full year of student teaching, as this allowed her to
see how to start and end the school year, and to understand how to develop relationships
with colleagues, students and parents. This was particularly helpful to Sally as she is
currently working at the school where she completed her student teaching. Sally chose to
investigate cooperative learning strategies for her exit project from the accelerated M.Ed,
program. She tried a variety of cooperative learning techniques in her classroom and
examined the impact on grades of both low- and high-achieving students.
Teaching Beliefs
Figure 4.13. Initial teaching beliefs bv category - Sallv
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Sally's initial responses in the teaching beliefs interview were predominantly early
constructivist with some transitional and instructive responses, as shown in Figure 4.13.
Sally plans her curriculum about the main concepts she feels are important in biology but
she believes her students need to do more than just recite back ideas, "they should be able
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to apply ideas and create their own knowledge." She is a strong advocate of hands-on
activities, as she stated "students learn best when they are doing something and actively
engaged in the task." She believes that these activities should have some degree of
inquiry in that students need to be "empowered and challenged." She also believes that
students learn best in a cooperative learning environment where "students are explaining
the steps, skills, and concepts to their peers." She believes that this "creates less
management issues and students leam more and ask higher-level questions" as a result.
Views on Nature of Science
Sally holds traditional views of the nature of science. She did not take a course in
the history and philosophy of science as part of her graduate or undergraduate programs.
She firmly states that science is not tentative, theories do not change as they are "welldocumented knowledge." Sally also sees the scientific process as being necessarily
objective, as she stated "imagination would allow errors and non-scientific thought to
occur." In Sally's opinion cultural views, like religion, "do not affect the processes of
science but can affect whether an idea, such as evolution, is accepted by the individual."
Classroom Practice
Sally had two completely different modes of instruction, traditional and inquirybased. Traditional practice was her predominant mode of teaching; not necessarily lecture
but with a focus on vocabulary and factual information. For example, a carmed laboratory
activity on muscles was designed for students to leam muscle groups and label
microscopic features of muscles. In another observation, Sally had her students create
posters to display the causes, symptoms and treatments for specified diseases. This
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information was needed for an upcoming computer simulation where students act as
doctor's and diagnose patients from the list of diseases studied in the class.
Twice during the year Sally was observed using an SSCS cycle (Pizzini, 1996)
with her students. The first cycle involved the students optimizing the conditions for
making "gak." The objectives for this cycle were to leam the scientific method, lab rules
and procedures, and guidelines for cooperative learning to be used throughout the year.
This cycle was strictly process-oriented with no development of scientific concepts, as
such it did not allow students to formulate scientific explanations and connect them to
scientific knowledge, two of the essential features of an inquiry lesson (NRC, 2000,
p.29). In the second SSCS cycle, however, students were involved in generating
conceptual knowledge. In this cycle students were generating their own researchable
questions about digestion. Students were responsible for all steps of the inquiry, and were
frequently assessed on their participation, refined question, procedure, and cooperative
learning skills, as well as their final product. An EIOR score of 32/40 was found for this
inquiry lesson, see Table 4.1.
Induction Support and Change
Sally relied on her colleagues at her school site for most of her support throughout
the year. She was assigned the same course, fireshman human biology, that she taught as a
student teacher at the school, and her cooperating teacher from her student teaching
experience was assigned as her mentor teacher. This eased the transition into teaching for
Sally, as she stated "It wasn't the same experience for me, I already knew the school
rules, the course, who to go to for help, it was kind of laid out for me from student
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teaching her." All managerial, logistical, and psychological support were provided by her
colleagues in the biology team.
Sally attended only two AS1ST workshops during the year as she coached at a
private Volleyball club most weekends, as well for the school team during the week.
Sally used an ex-ASIST participant, Brianna, who was also a biology teacher at the
school, for support. Brianna had participated in ASIST for two years and was successful
in implementing student-centered inquiry lessons in her classroom. Sally and Brianna
planned their entire curriculum together and Sally was able to benefit and receive indirect
instructional support from ASIST through Brianna. Sally used .ASIST directly for
instructional support through the classroom observations. She scheduled observations
when she was doing laboratory activities, particularly if she was trying an inquiry-based
activity. From the feedback on her teaching was able to receive instructional and limited
philosophical support. Sally's predominantly student-centered teaching beliefs were
maintained throughout the year, see Figure 4.14. She was able to talk more articulately
about her instruction, making links between cooperative learning and inquiry-based
instruction. She e.xpressed concern about her assessment, she stated "I can get at the
higher-level ideas in conversation with students, but I need to improve on the connection
between their written work and the labs. This is something I need to work with you on
next year." For issues related to inquiry instruction Sally used and intends to continue
using ASIST, for all other issues she used district support.
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Figure 4.14. Initial and final teaching beliefs by category - Sallv
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Profile of Karen's Beliefs. Views of Nature of Science. Practice, and Support
Karen is in her first year of teaching at a suburban high school with a
predominantly Anglo and upper/middle class student population. She is one of four lO"^grade chemistry teachers; chemistry is a required course for all sophomore students
Karen teaches two sections of regular chemistry and three sections of honors chemistry.
She entered teaching directly from graduate school where she completed an accelerated,
one-year M.Ed, in secondary education. She selected the accelerated M.Ed, program
because it was designed for second-career professionals moving fi"om industry to
teaching, and provided a stipend for participation. Karen enjoyed her two years at a
pharmaceutical research company but felt that becoming a teacher would give her more
interactions with people.
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Karen felt that the accelerated M.Ed, program did a pretty good job of preparing
her to teach. She cited her science methods course as being very useful, the instructor
modeled inquiry lessons, and required them to write and teach sample lessons to their
peers. She particularly valued having a full year of student teaching, as this was a more
practical experience than the coursework in the accelerated M.Ed, program. Her year
long placement was with an experienced high school chemistry teacher who provided her
with practical management strategies and curricular ideas. Karen's cooperating teacher
ran his courses as a self-paced curriculum, and Karen decided to do her exit project on
the affects of goal setting strategies on student performance in the course.
Teaching Beliefs
Figure 4.15. Initial teaching beliefs bv category - Karen
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Karen's initial responses in the teaching beliefs interview were predominantly
teacher-centered with some traditional, instructive and transitional responses, as shown in
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Figure 4.15. Karen decides what to teach based on her personal knowledge of chemistry
curriculum, as she stated "I know what a chemistry curriculum should look like, after all
I've taken a lot of chemistry classes." She paces her curriculum on how well her "A
students" are doing, "because if they are not getting it I know I need to reconsider." In
terms of student learning she stated "Some learning can be assessed on the stop through
teacher questioning on lab, but mainly it should be assessed through quizzes." Karen
believes her students leam best when they are relaxed, but also that they need to practice,
"they have to actually balance the equations for themselves, not just watch me do it at the
board." She ultimately believes that her role as a teacher is to prepare them for the "game,
all those tests they need to take."
Views on Nature of Science
Karen holds predominantly traditional views of the nature of science. She did not
take a course in the history and philosophy of science as part of either her chemistry or
education degree programs. She sees science as somewhat tentative, theories change
because "as unproven ideas they can become laws; laws are proven with facts to back
them up." Karen sees the scientific process as being subjective, "creativity plays a role in
science, as do personal views that are involved in the interpretation of data." By
following a rigid protocol modeled on the industrial process however this subjectivity
can, and should, be minimized.
Classroom Practice
Karen used predominantly traditional instruction with both her regular and honors
chemistry courses. Four observations during the year involved students working on terms
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and definitions; either by taking lecture notes or on a worksheet. For example, during the
first observation Karen was using an interactive lecture format to help the students to
come up with their own definitions for seventy-one terms related to the properties of
matter. At the beginning of the Spring semester, Karen introduced a unit on gases to her
honors class by lecturing and giving textbook definitions for temperature, pressure, and
other terms, as well as introducing unit conversions.
Karen was also observed using a variety of laboratory activities with her students.
In one observation she had introduced spectral emission lines and how they informed our
knowledge about atomic structure. The students had an opportunity to look at gas
discharge tubes through a spectroscope to see the spectral lines that Karen was talking
about, they did not however collect any data or do any analysis of the emission lines. A
more common form of laboratory instruction was for Karen to pose a problem for the
students to solve, for example "What is the percent salt in the sand/salt mixture?" or
"What is the identity of the mystery powder?" Students created their own procedures to
answer these questions. The questions cannot however be considered to be
"scientifically-oriented", one of the five essential features of an inquiry classroom,
students were asked to solve a problem but not to investigate a scientific phenomena or
understand the chemistry behind the procedure used to answer the question.
Induction Support and Change
Karen relied on AS1ST to mentor her through her first year of teaching. Her
school provided her an on-site mentor teacher who was not helpful, in fact Karen's
interactions with the mentor teacher were very negative and she ultimately refused to
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work with her mentor. ASIST staff filled this void, providing feedback on her classroom
practice both in terms of instruction and management strategies. Another ASIST
participant at her school also helped her with lesson planning. The strongest forms of
support from ASIST were psychological and instructional. Karen valued the interaction
with other new teachers as she stated "ASIST made me feel normal, everyone else was
having the same problems it wasn't just me." She also valued the instructional models
demonstrated in the ASIST workshops, she stated "these were new strategies for me that
were not included in my pre-service program." She felt that her methods course focused
on the teacher and teacher-centered instruction and that ASIST had helped her "to think
about inquiry and having students make decisions in the classroom." Philosophically she
was developing an understanding of inquiry, she stated "I know it is a continuum and I
am way on the teacher-centered end of the continuum, next year I want to move towards
the student-centered end!" Karen's teaching beliefs also reflected this preliminary shifl in
philosophy, see Figure 4.16. While she still holds predominantly teacher-centered beliefs
she is expressed the importance of student-student interactions and having students
explain their ideas to each other in her post-interview. She was also starting to widen her
ideas on assessment beyond formal quizzes and tests.
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Figure 4.16. Initial and final teaching beliefs by category - Karen
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Summary of Data
Summary data tables are provided for inquiry usage, understanding of inquiry,
initial teaching beliefs, views on nature of science, changes in teaching beliefs, and
sources of induction support. Composite cases for teachers of each initial preparation
program follow the data summary.
Table 4.1 summarizes the inquiry usage of the eight participants showing their
EIOR score whenever an inquiry lesson was observed. Yolanda, Debbie, Ron, and Karen
are not included in this table, as they were not observed to teach any inquiry lessons. The
two M.Ed, (science emphasis) participants, Vanessa and JoAnn, implemented more
extended inquiry lessons than the other participants in the study. They had learned several
inquiry strategies during their two-semester methods sequence in their preservice
program, and were able to independently implement inquiry lessons from the beginning
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of the year. Cindy and Sally were each successful in implementing one extended inquiry
lesson during the year. Both received instructional support from AS1ST in the enactment
of these lessons. One of the ASIST staff co-taught with Cindy during the question
refinement stage of her SSCS cycle, and another ASIST staff member supported her
through the data analysis stage. She was in daily email contact with one of the ASIST
mentor teacher during this SSCS cycle, asking for advice and suggestions for the next
day of instruction. Sally worked closely with an ex-ASIST teacher at her school in
planning and enacting her SSCS cycle of digestion.
Table 4.1. EIOR Rubric Scores for Observed Inquiry Lessons
Inquiry Lesson

A

B

C

D

E

F

G

H

Total

Rocks and Minerals (SSCS)

2

3

3

J

4

4

4

4

27

Fossil Digging

3

2

2

2

1

I

2

I

14

Velocity and Acceleration

1

2

2

1

1

1

2

2

12

Newton's Third Law

2

4

2

4

I

4

J

2

22

Circular Motion

1

4

3

4

I

4

2

J

22

"Egg-Drop"

1

4

2

5

3

J

J

'%

24

Cindy

Levers (SSCS)

3

3

3

J

4

2

2

J

25

Sally

Digestion (SSCS)

5

J

5

4

5

4

J

J

32

Vanessa

JoAnn

Extended Inquiry Observational Rubric (EIOR) Categories
A Cooperative Learning
B Teacher as Guide
C Assessment
D Student Communication and Action
E Inquiry Question
F Designing and Conducting a Scientific Investigation
G Gathering and Analyzing Data
H Sharing of Extended Investigation
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Table 4.2 summarizes the participants' knowledge of inquiry-based instruction.
The four teachers who were observed implementing inquiry in their classroom also have
strong definitions of inquiry and are able to provide and discuss appropriate examples
from their instruction that incorporate both process and content. Of these four, however,
the M.Ed, (science emphasis) students have a deeper understanding of the processes of
science beyond the steps of the scientific method that are incorporated into the definitions
of Sally and Cindy. Karen is able to discuss her use of guided inquiry and gives examples
that relate to her definition, her example however does not incorporate the importance of
a scientifically oriented question, rather that the labs are applications of content to solve a
problem. Ron and Yolanda have a basic definition of inquiry that relates to the testing of
a hypothesis through a controlled experiment with a focus more on process ("the steps")
and vocabulary rather than conceptual understanding. While Debbie is not able to give a
clear definition of inquiry, her critique of the "egg lab" demonstrates an understanding at
a similar to level of Ron and Yolanda.
Table 4.2. Summary of Participants' Knowledge and Examples of Inouirv
Teacher

What is inquiry?

Example of inquiry

Vanessa

Students have an opportunity to

SSCS - rocks and minerals. Students

create their own questions and are

generating own question about the

able to pursue the answer.

formation of minerals.

JoAnn

Inquiry is an accumulation of lots of SSCS - forces. I demonstrated
things - having a question is critical, pulling a book across the table, they
an appropriate method to address

investigated friction, so like the

the question, and making sense of

effect of the surface, the surface

your data with scientific knowledge, area of the book etc.
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Yolanda

It's the ability to ask a question, to

Pendulum lab. The students selected

research it and answer it.

a variable to investigate about the
pendulum, length of string etc. It
allowed me to reinforce vocabulary
- qualitative and quantitative data,
hypothesis etc.

Cindy

Looking for answers when you have SSCS - levers. It was great the
a question. Using the specified steps students had their own question and

Debbie

to test your hypothesis and develop

actually did the work, collecting and

an explanation.

analyzing the data for themselves.

In the beginning I need to lead

The osmosis egg lab came the

students to the answer, give hints

closest - so the eggs were placed in

etc. It involves hands-on activities.

three different solutions and
students had to predict what would
happen, but its not really inquiry
because they just had to predict.

Ron

It is having a question, following the We just finished the "candle lab" so
steps and doing multiple trials to

the students selected a variable to

figure it out.

investigate about why the water rose
in the tube.

Sally

Students utilizing their strengths to

Well the Gak inquiry gave them a

investigate something, seeking an

taste of my expectations, but in

answer to a question.

terms of content the digestion SSCS
was the best - they did inquiry and
learned content.

Karen

I know it's on a continuum and I am So I gave the students 2 unknowns
on the guided inquiry side. My

and 10 knowns, they had to set up

students generate their own

their own data collection tables to

procedure, but it is my question.

identify the unknowns.
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Table 4.3 summarizes the participants' initial teaching beliefs, the numbers
represent the question number from the TPPI interview (see Appendix A) that was coded
into a particular category. Three participants held predominantly student-centered beliefs
about teaching, Vanessa and JoAnn from the M.Ed, (science emphasis) program and
Sally from the accelerated M.Ed, program. Their responses to the TPPI questions
reflected ideas from their preservice programs, JoAnn and Vanessa drawing strongly on
ideas from their cognition course, "How children learn science," and Sally from her
action research project on cooperative learning. Cindy had a tendency toward studentcentered beliefs; she clearly enjoyed working with children and saw students as an
important part of the classroom. She was not, however, able to articulate her ideas about
assessment and science teaching, her responses were general and not reflective of science
teaching. The other four participants held predominantly teacher-centered beliefs.
Table 4.4 summarizes the participants' views on the nature of science (nos). The
only participants with consistent and contemporary nos views were the M.Ed, (science
emphasis) students, JoAnn and Vanessa. Both participants took a semester long course in
the history and philosophy of science as part of the M.Ed, (science emphasis)
certification program. The other six participants held a mixture of nos views, but are
predominantly traditional in their ideas. All adhere to the existence of the scientific
method which makes science objective in its process, though Cindy, Sally, and Karen did
acknowledge that scientists may interpret data differently depending on their personal
views. All six however believe that scientists set out to prove ideas and theories, which
then become laws.
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Table 4.3. Responses from Teaching Beliefs Interview - Initial Interview
Teacher

Traditional

Vanessa

JoAnn

Yolanda

Ron

Early

E.xperienced

Constructivist

Constructivist

•

•••

••••

3

4,6,7

2,5,8,9

•

•••••

••

3

2,4,5,8,9

6,7

•••

•

3,4,6,7

2,8,9

5

•••

•••••

2,6,7

3,4,5,8,9

••

••

•••

•

6,9

2,8

3,4,5

7

••••

•

•••

2,3,7,9

8

4,5,6

••

••

••••

2,3

4,5

6,7,8,9

•••

••

••••

2,3,4

6

5,7,8,9

Sally

Karen

Transitional

••••

Cindy

Debbie

Instructive

Table 4.4. Summary of Participants' Views on Nature of Science
Teacher

Science is tentative

Science is subjective Science is sociallyand culturally-

Science involves

Role of theories and

creativity

laws

At all stages of an

Theories explain how

embedded

Vanessa

Yes

Data analysis is a

i.e. plate tectonics

reflection of personal influence what is

investigation -

things work, laws are

views.

particularly data

used to substantiate

Society and culture

studied and what

theories are accepted analysis - i.e. use of

JoAnn

theories

into mainstream

inference in geology.

Always reflects

Essential at all stages Theories arc coherent

Yes, us new data is

Science involves

collected - nothing

people who naturally culture, i.e. religion

-without imagination explanations of a

can ever be proved

inteqirct data through and astronomy

we would never have system and are the

right though

own lens

new theories and

basis for further

ideas

research. Laws

i.e. atomic structure

describe the
relationship between
discrete parts of the
system
ro

Yolandu

Theories change

Science is objective

Yes from a religious Only before and

Cannot define - cites

based on new ideas

as it follows a

standpoint - who arc during data

relativity as a law

and the credibility of specified process

we to argue evolution collection. During

the research

vs. creationism

analysis logic
detemiines if a
hy|)othesis was
correct

Cindy

Yes - based on

Existing knowledge

Even though

Creativity is related

Theoiy- organized

evidence

affects how we

scientists follow the

to inventions.

set of ideas.

inteqiret data and

scientific method

Law - a proven

ideas

cultural values affect

theory

tiie process
Debbie

Only during planning Theories are

Based on new data

No - if enough

theories can be

evidence is available as religion should not and design - during

proven and become

there is no room for

facts

different

analysis you must be mainly relate to

inteqiretations

objective

Cultural issues such

impact science

data collection and

unproven ideas.
Laws are proven and

physics

Ron

Sally

Based on new data

Scientists can bias

Especially political

theories can be

the results towards

issues - for example, of an investigation -

proved or disproved

any "side."

the "Space Race."

Theories do not

Different people

Culture, particularly Imagination has no

Cannot define. States

change, i.e. atomic

inlcr])rct data

religion, impacts

place in science, it

no difference

theory is backed up

differently based on

whether or not we

leads to errors and

between theories and

by lots of evidence

personal opinion

accept an idea

non-scientific

laws

Primarily at the start Theories are
unproven ideas.

dreaming up the idea. Laws are proven.

answers
Karen

Theories develop

Different people

Society affects what Creativity required

Theory are unproven,

over time but don't

interpret data

is studied

for inventions, but

whereas a law is

really change

differently

also involved in all

proven with facts

steps of the scientific
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Table 4.5 summarizes the participants' initial and final teaching beliefs, the
numbers represent the question number fi-om the TPPI interview (see Appendix A) that
was coded into a particular category. A shift in beliefs about teaching results when three
or more responses in the post interview moved one or more category towards a studentcentered or teacher-centered ideology, and/or by clearer more extensive answers that
revealed a deeper understanding. No change in beliefs occurs when less than three
responses shifted categories, and/or no expanded discussion of answers occurred. Five
participants demonstrated no shift in their beliefs about teaching: Vanessa, Jo Ann, Ron,
Sally, and Karen. Debbie had a small regression towards teacher-centered beliefs, while
Cindy and Yolanda, both elementary certified teachers, shifted towards a more studentcentered philosophy.
Table 4.5. Changes in Teaching Beliefs
Teacher

Traditional

Instructive

Vanessa pre

post

JoAnn

pre

post

Transitional

Early

Experienced

Constructivist

Constructivist

•••

••••

4,6,7

2,5,8,9

••••

••••

3,4,6,7

2,5,8,9

•

•••••

••

3

2,4,5,8,9

6,7

•

••••

•••

3

2,4,5,8

6.7,9
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Yolanda pre

••••

•••

•

3,4,6,7

2,8,9

5

••

•••

4,8

5,6,9

•••

•••••

2,6,7

3,4,5,8,9

post •••
2,3,7
Cindy

pre

post

Debbie

pre

pre

•

6,9

2,8

3,4,5

7

••••

••

6,9

2,5,7,8

3,4

••••

•

•••

2,3,7,9

8

4,5,6

•••

•••

3,7,9

4,5,8

••

••

••••

2,3

4,5

6,7,8,9

••

•••

•••

2,3

4,5,9

6,7,8

•••

•

••••

2,3,4

6

5,7,8,9

••

••

•

5,8

6,9

7

pre

post

pre

4,5,8

•••

2,6

Karen

2,3,6,7,9
••

post ••

Sally

•••

••

post ••

Ron

•••••

post •••
2,3,4

Table 4.6 summarizes the support structures experienced by participants in their
first year of teaching. ASIST provided psychological support for all teachers with most
districts also providing support in the form of a beginning teacher group (Joann, Sally,
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and Karen) or a mentor teacher (Vanessa, Debbie, Ron, and Cindy). These mentor
teachers and beginning teacher groups were assigned within teaching team for the middle
school teachers and within content area for the high school teachers. In only one case,
however, was the assigned mentor teacher a dominant force in providing instructional
and philosophical support for the beginning teacher; Sally worked closely with her
mentor who had also served as her cooperating teacher during her student teaching. In the
other cases the mentor had only a few years of teaching experience themselves or were
philosophically not matched to the beginning teacher. ASIST staff and participants filled
this "void" in providing instructional and philosophical support. Both Vanessa and JoAnn
reported that most of their instructional and philosophical grounding came from the
M.Ed, (science emphasis) program with ASIST acting as a "reinforcer of these ideas."
Logistical and managerial support were primarily provided by the districts for all
participants.
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Table 4.6. Sources of Support Received by Participants
Psychological
Vanessa ASIST/District

JoAnn

ASIST/District

Management

Logistical

Instructional

Philosophical

District

District

Preseryice/

Preservice/

ASIST

ASIST

Preseryice/

Preseryice/

ASIST

ASIST

District

District

Yolanda AS1ST

District/ASIST

District

District/ASIST

ASIST

Cindy

ASIST/District

District

ASIST/District

ASIST

ASIST

Debbie

ASIST/District

District/ASIST

District

ASIST/District

none

Ron

ASIST/District

District/ASIST

ASIST/District

ASIST

ASIST

Sally

ASIST/District

District

District

District/ASIST

ASIST/District

Karen

ASIST/ District

District/ASIST

District

ASIST

ASIST

Within Case Analysis
The yariable under consideration is the initial teacher preparation program. Each
of the four cases is considered separately to determine patterns and themes within a case
defined by the yariable of initial teacher preparation program (Miles and Huberman,
1984).
M.Ed, (science emphasis)
Vanessa and JoAnn both started their first year of teaching with contemporary
yiews of the nature of science, predominantly student-centered teaching beliefs, and a
strong knowledge of inquiry-based instruction, both theoretically and practically. Both
entered teaching with a strong science content and research background. Despite yery
different teaching contexts both successful in enacting several inquiry lessons throughout
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the year and maintained a focus throughout the year on student learning. They each
planned extended inquiry lessons modeled on inquiry strategies from their preparation
and induction programs. They were able to take the instructional strategy and apply it to
their own unique content and school context.
Vanessa and JoAnn attended the induction program workshops mainly for
psychological support, but also to discuss their practice with staff and mentor teachers
refining their instructional and philosophical understanding of inquiry-based instruction.
Both valued the classroom observations more than the workshops as this gave them an
opportunity to get feedback on their practice and to facilitate a discussion on student
interactions and student learning.
Undergraduate - Elementary Certification
Yolanda and Cindy both started their first year of teaching with traditional views
of the nature of science and a limited view of inquiry-based instruction, both relating
inquiry to the scientific method and learning of process skills. Both entered teaching with
limited science content knowledge and no research experience; they had six credits of
science with no laboratory experience. They both chose to teach in low socio-economic
neighborhoods in schools with a high Hispanic population. Yolanda and Cindy differed
significantly, however, in their incoming teaching beliefs, Cindy had transitional beliefs
and Yolanda very traditional beliefs.
Yolanda and Cindy attended the induction program workshops mainly for
instructional support, both wanted to learn science-specific teaching strategies and get
help with lesson planning. Both used strategies modeled in the workshops in their
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classrooms, for example, concept mapping and a guided inquiry lesson on pendulums.
Yolanda did not attempt to implement any of the student-centered inquiry lessons,
whereas Cindy enacted an SSCS cycle on levers. Both followed the strategy e.xactly as
modeled but were unable to connect the strategy to the content of the lesson, these
lessons usually became a process-oriented inquiry with the content objective getting lost
in the enactment of the strategy. Neither Yolanda nor Cindy were able to implement the
modeled strategies independently and in a different context to that modeled in the
workshop.
Undergraduate - Secondary Certification
Debbie and Ron both started their first year of teaching with traditional views of
the nature of science, an adequate view of inquiry-based instruction, and teacher-centered
teaching beliefs. Both entered teaching with a science major and minor, but no research
experience. Neither Debbie nor Ron implemented any inquiry lessons during the year,
both were focused primarily on management and organization.
Debbie and Ron attended the induction program workshops mainly for
psychological, management, and instructional support. Both used instructional and
management ideas shared by other workshop participants, mentor teachers, and project
staff. They did not however implement any of the inquiry, cooperative learning, or
alternative assessment strategies modeled in the workshops. Similarly, classroom
observations were used to get feedback on management and organization of the activity.
Both maintained their teacher-centered beliefs at the end of the year, with Debbie in fact
regressing somewhat in her beliefs.
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Accelerated M.Ed.
Karen and Sally both started their first year of teaching with traditional views of
the nature of science and a limited view of inquiry-based instruction, both relating inquiry
to the scientific method in a teacher-directed process. Both entered teaching with strong
science content knowledge and prior related work experience. For Sally this was in the
education field tutoring students and for Karen as a research scientist. They both taught in
the same high socio-economic, predominantly Anglo high school. Karen and Sally
differed significantly, however, in their incoming teaching beliefs; Karen had
predominantly student-centered beliefs and Sally predominantly teacher-centered beliefs.
Sally and Karen differed markedly in their interactions with the induction
program; Sally attended only two workshop sessions due to her commitments as a coach,
whereas Karen attended all workshop sessions. Both however used strategies modeled in
the workshops in their classrooms, Karen receiving instructional support directly from the
workshops and Sally receiving instructional support from a former participant in the
induction program who also worked at the school. Karen enacted pieces of inquiry
strategies modified to her guided inquiry fhunework of instruction. Sally enacted two
SSCS cycles, one independently of Brianna (making Gak) and one co-planned with
Brianna (digestion). Sally followed the stages of the SSCS model in the Gak lesson but
did not make any connections to content; her focus was on process skills and learning the
scientific method. Neither Sally nor Karen were able to implement the modeled strategies
independently and in a different context to that modeled in the workshop.
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CHAPTER V
DISCUSSION AND IMPUCATIONS
Review of the Problem
The purpose of this investigation was to investigate the impact of a disciplinespecific induction program on the practices and beliefs of teachers from different initial
certification programs. Although some theoretical, as well as empirical literature, has
been published regarding the relationship between beliefs and practices within
elementary and secondary school teachers, no published work to date has examined this
interaction for beginning secondary science teachers participating in a discipline-specific
induction program. By analyzing the classroom practices and beliefs of eight first-year
secondary science teachers representative of different preparation programs, this work
serves as an important step in understanding the role of induction programs in supporting
the reform-based practices of beginning science teachers. Perhaps more importantly, this
work possesses the potential to understand the need for induction programs to bridge the
gap from pre-service teacher preparation programs into the classroom. This work also
helps lend understanding to the nature of the relationship between beliefs and practices of
beginning science teachers. At the same time, it may also serve to inform the structure,
goals, and aims of induction programs in supporting a diverse population of beginning
secondary science teachers.
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Discussion
The two research questions developed for this investigation will be addressed
fully in the following section. Interpretations of the data findings will be presented.
Potential theories and hypotheses derived from each individual question will be
discussed. Furthermore, alternative interpretations will be explicated and analyzed.
Research Question 1: How does an induction program impact the beliefs and practices of
beginning teachers from different initial certification programs?
This question will be broken into sub-categories to address specific patterns that
came out of the data analysis related to the beliefs and practices of the beginning teachers
in this study. Following a discussion of the themes is a summary statement for the first
research question.
The existence and nature of beginning teachers' reform-based practices
Four of the participants were observed implementing reform-based practices in
their classrooms. Vanessa, JoAnn, Cindy, and Sally all implemented at least one
extended-inquiry lesson during the year. Both Cindy and Sally implemented only one
extended-inquiry lesson, both of these lessons were during the middle of the academic
year. Cindy and Sarah received frequent assistance from ASIST staff in the planning of
these lessons. Prior to these lessons they had both implemented process-oriented
"inquiry-like" lessons with their students. Vanessa and JoAnn, however, both
implemented extended inquiry lessons early in the academic year. JoAnn actually spent
the first two weeks on an inquiry lesson investigating velocity and acceleration. Vanessa
and JoAnn were able to plan and enact these inquiry lessons independently without help
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from ASIST or other colleagues. Both Vanessa and JoAnn also incorporated explicit
instruction on the nature of science in their teaching, both as part of their inquiry lessons
and other classroom activities.
Simmons et al. (1999), in a large-scale study involving 116 begiiming teachers,
found only 10% of first year teachers implemented student-centered, inquiry-based
instruction. It is critical to note that the teachers in Simmons' study were unsupported,
whereas the participants in this study were part of an induction program specifically
designed to support inquiry-based instruction. It would appear from this study and
another related study with a supported population of beginning science teachers (Luft,
Roehrig, and Patterson, in review) that discipline-specific induction programs can play a
key role in the implementation of inquiry-based practices by beginning science teachers.
The initial certification program may also play a role in the different
implementation patterns obser\'ed in these four teachers. Both Vanessa and JoAnn were
graduates of the M.Ed, (science emphasis) program. This program represents a coherent
preparation for science teachers focused on reform-based teaching as advocated in the
National Science Education Standards (NRC, 1996). The program structure is unique in
the inclusion of a second science methods course, a history and philosophy of science
course, and a cognition course looking at how children leam science. Initial interviews
with Vanessa and JoAnn showed an in-depth understanding of inquiry and the nature of
science, with both describing instances in their student teaching experiences where they
had been able to implement inquiry activities. The history and philosophy of science
course is a critical component of the program providing teachers with knowledge about
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the nature of science, as well as an opportunity to investigate strategies for teaching the
nature of science.
Cindy and Sally were graduates of the elementary certification and accelerated
M.Ed, program respectively. Cindy's initial interviews showed a process-oriented
understanding of science and her initial "inquiry-like" lessons were based on lessons
modeled in her elementary science methods course. Sally's science methods course
provided her with a guided inquiry model of instruction, however, her instructional
decisions were more influenced by a detailed and structured school science curriculum.
Both Cindy and Sally were very influenced in their practices by their student-centered
beliefs, as well as their icnowledge and understanding of cooperative learning. Cindy
received a lot of instruction in cooperative learning from one of her methods instructors
and Sally researched cooperative learning as an action research project in her student
teaching. Both consistently used cooperative learning in their classrooms throughout the
year, which may have facilitated implementing an SSCS cycle (extended-inquiry), as this
inquiry model benefits from a cooperative learning framework.
The other four participants (Yolanda, Debbie, Ron, and Karen) were not observed
implementing any reform-based practices. All four of these participants had teachercentered teaching beliefs. Yolanda graduated from the same elementary program as
Cindy; however, she was part of a different block for her methods courses and did not
receive the same focus of instruction in relation to process skills and cooperative
learning. Unlike Cindy, she was not able to draw on any strategies from her methods
block that were a step towards implementing inquiry-based instruction. Karen graduated
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from the accelerated M.Ed, program with Sally. She did not, however, have a focus on
cooperative learning as she chose to research individual goal setting and motivation for
her action research project. Her guided inquiry style of teaching and use of laboratories
for students to apply and demonstrate mastery of concepts was modeled for her in the
science methods course and by her cooperating teacher. This guided inquiry style is also
a philosophical match for her teaching beliefs.
Ron and Debbie were both graduates of the undergraduate secondary certification
program. This program was a general certification program with only one course focused
on teaching science, the first of the two science methods courses also taken by the M.Ed,
(science emphasis) students. This science methods course provided explicit modeling of
teaching strategies for inquiry-based instruction, as well as a discussion of cooperative
learning. These instructional models were also reinforced in ASIST workshops
throughout the year. Neither Debbie nor Ron drew on any of these instructional models in
their first year of teaching. Debbie made no changes in her classroom practices,
exclusively using traditional cookbook and verification laboratory activities. Ron worked
on planning for his chemistry class with Karen and changed from cookbook activities to
her guided inquiry, problem-solving format for his laboratory activities. It is likely that
one science methods course is insufficient for preservice teachers to understand and
implement scientific inquiry lessons. In the contemporary undergraduate curriculum, as
in the case of Ron and Debbie, the science methods course is often the only course in
which inquiry is taught (Gilbert, 1992). Previous research (Lumpe, Haney, & Czemiak,
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2000) in fact suggests that the number of science methods courses is positively related to
personal agency in implementing reform-based science instruction.
The nature and source of the beginning teachers' incoming beliefs
Four of the participants entered the induction program with predominantly
student-centered beliefs, Vanessa, JoAnn, Cindy and Sally. Vanessa and JoAnn had many
opportunities during the M.Ed, (science emphasis) program to explore inquiry-based
teaching and nature of science; they were required to reflect on their teaching philosophy
and practice throughout the program. The coherent nature of the program's underlying
constructivist philosophy enabled both Vanessa and JoAnn to develop a strong and
coherent teaching philosophy centered around reform ideas. Without data on their beliefs
prior to entering the M.Ed, program it cannot be stated, however, that these beliefs are
due to their participation in the M.Ed, program. Cindy and Sally were not required to
reflect on their teaching beliefs during their preparation programs so it most probable that
entered their respective programs already with these student-centered beliefs.
The other four participants, Yolanda, Debbie, Ron, and Karen entered the
induction program with predominantly teacher-centered beliefs. This is not surprising as
other researcher have found that pre-service teachers often view teaching as transmittance
of knowledge (Anderson et al, 1995; Brookhart & Freeman, 1992; Hollingsworth, 1989;
Holt-Reynolds, 1992). These teaching beliefs are firmly established by the time preservice teachers start their formal teacher education (Wilson, 1990) and will influence
what a pre-service teacher learns in a teacher education program (Holt-Reynolds, 1992).
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In fact most researchers agree that preservice education is not effective in changing
beliefs (Kagan, 1992; Richardson, 1996). This is particularly problematic if one isolated
course is used as an attempt to change beliefs, as "one isolated course does little to
interrupt the continuity of preservice teachers' learning from the 'apprenticeship of
observation' (Lortie, 1975) to their adult lives as teacher" (HoIt-Reynolds, 1992). The
single science methods course approach was ineffective in the cases of Debbie and Ron
whose only exposure to reform-based and constructivist philosophies and practices was
in their science methods course. It is unclear that Yolanda and Karen were even exposed
to these ideas in their preparation programs.
The interaction between practices and beliefs
For the eight participants in this study there is alignment between their beliefs and
practices. The four participants who implemented reform-based practices during their
first year of teaching had predominantly student-centered beliefs. The four participants
with more traditional practices had predominantly teacher-centered beliefs. Previous
research with beginning teachers has shown there to be a disconnect between their
practices and beliefs. Specifically that many beginning science teachers hold studentcentered beliefs, yet demonstrate teacher-centered practices in their classrooms (Simmons
et al, 1999). A critical difference between the large-scale study (Simmons et al, 1999) and
this smaller exploratory study is the induction support provided to the participants in this
study. Simmons et al studied beginning science teachers in the absence of any formal
induction program. The induction program provides a mechanism for teachers to reflect
on their beliefs and practices, which may account for the observed alignment between
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practices and beliefs. The induction program also provides instructional models support
for teachers with student-centered beliefs who want to implement inquiry lessons.
Without this support these teachers may well revert to teacher-centered practices as was
the case with the teachers in Simmons' study.
The interaction between knowledge of nature of science and practice
Only two participants held contemporary views of the nature of science, Vanessa
and JoAnn. The M.Ed, (science emphasis) program is the only program requiring a
course in the history and philosophy of science. Prior studies have shown that
independent courses addressing the nature of science, such as a history and philosophy of
science course, have increased teacher understanding of the nature of science (Ogunniyi,
1983; Akindehin, 1988), as seems to be the case for Vanessa and JoAnn. In the absence
of a history and philosophy of science course the other six participants in this study held
traditional views of the nature of science.
Previous studies have found a connection between teachers' views of the nature of
science and their classroom practice (Brickhouse, 1990; Duschl & Wright, 1989; Lantz &
Kass, 1987), particularly that a teacher's understanding of the nature of science is a
necessary condition to teach science as inquiry (Duschl, 1987). However, these claims
have not been validated by all researchers (Lederman & Druger, 1985; Tobin &
McRobbie, 1997) and this claim is inconsistent among the participants in this study.
JoArm and Vanessa hold contemporary views of the nature of science and demonstrated
consistent inquiry practice in their classrooms. Yolanda, Debbie, Ron, and Karen all held
traditional views of the nature of science and demonstrated predominantly traditional
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practice. Cindy and Sally, however, held traditional views of the nature of science yet did
implement some inquiry-based instruction. It should be noted that much of the previous
research has looked at experienced science teachers and that beginning science teachers
have their own unique instructional issues that may compound a direct connection
between views on the nature of science and classroom practice. Beginning teachers'
primary concerns are survival, maintaining classroom control, and presentation of content
(Adams & Krockover, 1997); thus, they are less likely to demonstrate relationship
between their views on the nature of science and classroom practice (Mellado, 1997). In
the case of Cindy and Sally it should be noted that while both held somewhat traditional
views on the nature of science both had student-centered teaching beliefs. Previous work
with beginning teachers (Roehrig & Luft, 2001) has suggested that for beginning teachers
nature of science is a lesser factor in instructional decisions and that teaching beliefs are
the dominant factor. It is posited here that views of nature of science may influence the
quality and focus of inquiry instruction. Both Cindy and Sally tended to focus on process
and scientific method in their inquiry instruction, and also relied on others for planning
their one enacted e.xtended-inquiry lesson. Whereas JoAnn and Vanessa were able to
consistently enact quality inquiry lessons that incorporated instruction on content,
inquiry, and the nature of science.
Changes in beliefs
Five participants demonstrated no shift in their beliefs about teaching: Vanessa.
JoArm, Ron, Sally, and Karen. Debbie had a small regression towards teacher-centered
beliefs, while Cindy and Yolanda, both elementary certified teachers, shifted towards a
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more student-centered philosophy. Only one participant regressed in their teaching
beliefs during their first year of teaching. Simmons et al. (1999), in a large-scale study
involving 116 beginning teachers, found 70% of teachers reverted back to teachercentered, didactic practices as they hit the reality of the classroom. As previously noted
these teachers were unsupported by any formal induction program. It would appear that a
discipline-specific induction program can maintain, and in some cases facilitate a shift in
teaching beliefs, by helping beginning teachers to cope with the reality of the classroom
and supporting reform-based practices.
Changes in inquiry-based practice
All participants demonstrated a rote understanding of inquiry instruction, they
were able to define inquiry and give specific features of inquiry in relation to the National
Science Education Standards (NRC, 1996). This rote understanding of inquiry did not
necessarily translate into classroom practice, as observed by the fact that only four
participants implemented inquiry lessons during the year. Implementation of pedagogical
knowledge is impacted by one's belief systems (Magnusson, Kxajcik, & Borko, 1999); all
four participants who did not implement inquiry held teacher-centered beliefs. In relation
to the teacher development literature it should also be noted that beginning teachers need
to develop standard routines that integrate instruction and management are needed
(Berliner, 1986; Kagan, 1992). An initial focus on organization and management maybe
necessary before a teacher can focus on instruction and pedagogical choices for
instruction (Lidstone & Hollingsworth, 1992). Yolanda, Debbie, Ron, and Karen were all
focused on classroom management at the start of the year. As the year progressed Karen
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and Ron both moved to a subject/pedagogy focus (Lidstone & Hollingsworth, 1992),
concentrating on how to organize and present their content to the students. As they
switched focus they still had concerns about classroom management, implementing
student-centered inquiry was a "management risk" given their developmental stage and
they chose teaching strategies that maintained their locus of control in the classroom.
The four participants who implemented inquiry fall into two groups: mechanistic
implementation and integrated implementation. The mechanistic implementers, Karen
and Cindy, were able to talk about inquiry instruction and discuss the rationale behind
using inquiry instruction. Implementing inquiry-based instruction, however, took much
effort and planning (with the assistance of others); consequently few inquiry lessons were
implemented due to the effort needed. "In the acquisition of procedural routines novices
move from an initial stage where performance is laboriously self-conscious to more
automated, unconscious performance" (Kagan, 1992, p.155). The integrated
implementers, Vanessa and JoArm, were able to implement inquiry lessons consistently
across conte.xts as an "automated, unconscious" process. Both Vanessa and JoAnn had an
extended student teaching experience that allowed them to enact inquiry lessons in a
supportive environment and develop standard procedures for inquiry instruction prior to
their first year of teaching.
Summary
When and how completely developmental tasks (standardizing management
procedures, standardizing instructional procedures, integrating instructional and
management procedures, and consideration of student learning) are accomplished appears
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to depend on at least three major factors: a beginning teacher's teaching beliefs, the
configuration of the initial teacher preparation program, and the context of beginning
teaching. Teaching beliefs are a major influence on whether a beginning teacher
implements inquiry-based instruction. Other factors such as knowledge of the nature of
science and content knowledge also influence the successful implementation of inquiry
lessons.
Students in the M.Ed, (science emphasis) program appear to benefit from the
configuration of the preparation program: two science methods courses, a history and
philosophy of science course, and an extended student teaching experience with inquiryoriented cooperating teachers. While Cindy and Sally did not experience a preparation
program oriented specifically for science teachers they started the year with studentcentered beliefs about teaching. Teaching beliefs appear to affect the primary area of
focus for beginning teachers. Cindy and Sally were focused on student learning and
consequently open to inquiry-based instruction. Sally also benefited from her teaching in
the same school as her student teaching experience; many management and
organizational procedures were naturally in place by the context of her first year of
teaching.
Research Question 2: How does an induction program provide support for teachers from
different initial certification programs?
All participants received psychological support from the induction program, with
this support coming from workshops (interactions with mentor teachers, project staff, and
other beginning teachers) and classroom observations. The induction program created a
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sense of professional well being for these teachers. Management and logistical support
were primarily provided by the districts, although for the teachers focused on
management and organization, management support was also provided by the classroom
observations and advice from mentor teachers.
All participants received instructional support from the induction program. This
support was minimal for the M.Ed, (science emphasis) students, they preferred to work
on lesson planning during workshops rather than engage in the modeled lessons. For the
.M.Ed, students the classroom observations were the primary means of instructional
support, allowing them to refine their inquiry instruction. For the other six participants
the workshops were the primary means of instructional support through the modeled
lessons. Cindy and Sarah were also able to benefit from the classroom observations as
they attempted inquiry instruction for the first time in their classrooms.
Most participants received philosophical support fi-om the induction program.
With the exception of Debbie, the induction program facilitated at least the maintenance
of beliefs. Debbie decided halfway though the year that teaching was not the career for
her. Her goal was to complete the year but with no intention of returning to the classroom
thus the induction program could provide only minimal philosophical support for her.
Interestingly, the elementary certified teachers received the most philosophical support
fi*om ASIST. Both Yolanda and Cindy sought out the induction program as they
recognized that they were unprepared to teach middle school science. Of all eight
participants they utilized the induction program the most in terms of lesson plarming,
ideas for activities, and feedback on their teaching. Unlike the M.Ed. and undergraduates
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they did not come to the induction program with science degrees and a plethora of
laboratory experiments and activities to fall back on. While their lack of content
knowledge was certainly problematic for them their lack of experience with traditional
undergraduate science instruction may have allowed them to be more open to the
philosophical message of the induction program.

Implications
The qualitative design and small sample size of this study do not permit the
generalization of these findings to the larger population of induction teachers but they do
present an opportunity to formulate theories for further investigation. These emergent
theories form the basis for debate and analysis in addition to providing direction for
future research in the area of science teacher induction. Areas for discussion include:
I. The expectation of significant change in induction teachers' beliefs during the first
year of an induction program is an overly optimistic goal. Kagan (1992) noted that
the change process regarding beliefs and practices requires at least three years for
beginning teachers. The induction period specifically creates a productive "rub
between theory and practice" that allows time for the process of translating theory
into practice (Miller & Silvemail, 1994). The induction period appears to be critical
in maintaining beliefs, preventing the regression to teacher-centered beliefs seen in
unsupported beginning science teachers (Lufl, Roehrig, and Patterson, in review;
Simmons et al, 1999). A two-year program will be more beneficial than a one-year
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program given the time needed to address managerial and instructional needs that
must occur prior to any significant change in beliefs.
2. Beginning teachers should be encouraged to participate in discipline-specific
induction programs that promote reform-based practices (see AAAS, 1990; NRC,
1996). This support can provide a continued support of inquiry methods promoted in
teacher preparation programs, or provide an exposure to reform-based practices that
may not have been included in teacher preparation programs. By providing continued
induction support in reform-based practices the gap between preservice and inservice
is bridged without beginning teachers reverting to traditional practices as happens if
they are unsupported (Luft, Roehrig, and Patterson, in review; Simmons et al, 1999).
Induction support following an appropriately focused preparation program appears to
facilitate more rapid movement through the developmental stages of learning to teach.
3. Developers of induction programs need to be aware of the different needs of
beginning teachers and modify support accordingly. Knowledge of incoming
teachers' beliefs and instructional focus is critical in providing appropriate support.
Teachers need to attend to management issues before consideration of pedagogical
alternatives in their classrooms. Beginning teachers with student-centered beliefs,
however, are more likely to be successful at implementing inquiry-based instruction
during their first year of teaching, assuming management procedures are in place.
4. The successful implementation of inquiry lessons depends on the teaching beliefs of a
beginning teacher. An induction program can still however facilitate the
implementation of reform-based practices in teachers with more traditional beliefs.
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The directionality between changing beliefs and practice is complex and different for
each individual teacher, and as such an induction program should address both a
beginning teacher's beliefs and practices. Classroom observations, workshops, and
electronic communication provide avenues to discuss practice, suggest alternatives,
and create dissonance in beliefs. Change is a slow process and more traditional
teachers may take smaller steps towards reform-based ideals, for e.xample first
implementing guided inquiry activities.
5. Views of the nature of science appear to affect the quality of inquiry instruction. This
study does not, however, clearly explicate the relationship between views of nature of
science and inquiry-based practices. Beginning teachers with student-centered beliefs
are able to make inroads into implementing inquiry lessons while still holding
traditional views of the nature of science. Nature of science instruction is not a critical
component to an induction program for first year teachers as these teachers are
mainly focused on management and instructional decisions.
6. An appropriately configured teacher preparation program may be influential in the
success of begirming teachers, particularly in the implementation of reform-based
practices, such as "science as inquiry" and nature of science instruction. Critical
elements are two science methods courses, a history and philosophy of science
course, and an extended student teaching experience in reform-based classrooms.
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Limitations
This study focuses on a group of first-year secondary science teachers
participating in a single discipline-specific induction program. All of the participants
were teaching in the same metropolitan area. The investigation of teachers of beginning
teachers from multiple induction programs would have added a wider range of subjects
and contexts, however the depth of analysis of a single induction model would have been
lost. Given the time intensive nature of qualitative data collection, the addition of other
teachers and induction programs was prohibitive.
This study neglects two growing populations of first-year teachers: those who are
emergency certified taking few, or in some cases no, education courses, and those
graduating from alternative licensure programs. Efforts were made to include emergency
and alternatively certified teachers; however, those choosing to participate in the
induction program were all second year teachers. The difference between first and second
year teachers was considered too compounding a variable to include these teachers in the
study.
The beliefs and philosophy of the researcher are a source of potential bias in the
study. The study also involved a single researcher in collecting the majority of the
interview data. However, additional researchers were utilized in the collection of
observational data. To minimize bias in this study, the researcher worked with three other
researchers for data analysis and the development of coding methods. The collaboration
of researchers throughout the constant comparative method of data analysis significantly
reduced the impact of researcher biases in this study.
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Recommendations for Future Research
While this study provides an extensive view of the impact of induction programs on
the beliefs and practices of first-year secondary science teachers, additional areas for
further study have been identified. The following section includes recommendations for
additional studies related to induction science teachers and the role of discipline-specific
induction programs.
1. Belief systems are e.xtremely complex and understanding how beliefs about the
teaching and learning of science are modified is not well understood. This extensive
database of beliefs interviews could from the basis for a significant longitudinal
study. A longitudinal study would also inform developers of discipline-specific
induction about the stages of development for inquiry-based teaching and provide
invaluable information on the structure of induction programs.
2. This study can only make implications about the impact of an initial teacher
preparation programs on the experiences of a first-year teacher and their interactions
in an induction program. To further explicate the connections between preservice and
induction programs a longitudinal study of teachers through their preservice program
and into their first years of teacher would be beneficial.
3. The teachers in this study worked in a variety of settings. The impact of school
context on the "success" of the induction program was not clearly addressed. Many of
the teachers expressed concerns about parental involvement, administrative
philosophy, and the ability of their students. A more in-depth study of the context in
which beginning science teachers work would help to inform us as to what can and
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cannot be expected from an induction program, and what the role of schools and
universities should be in affecting the beliefs and practices of beginning science
teachers.
4. This study scratches the surface of the relationships between teaching beliefs, content
knowledge, and leaching practices, particularly reform-based practices. The area of
content knowledge includes factual and conceptual knowledge about the discipline,
overarching conceptions of the discipline, and views of the nature of science. While
nature of science was addressed in this study, content knowledge was not addressed
beyond the number of credits of science taken by a participant. Content knowledge
issues were also found to be problematic in the administration of the V-NOS(C)
instrument, as several questions were content bound. Data collection instruments need
to be reviewed and developed to capture an understanding of the content being taught
and also to collect views of the nature of science in a content-appropriate context.
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APPENDIX A

DATA COLLECTION INSTRLMENTS
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Contextual Factors Survey

Name:
School:

Course Load/Assignment
•

What grade level/ courses will you be teaching this year?

•

How many periods will you be teaching per day?

•

Do you feel your course assignments are fair and appropriate given your years of
experience and background?

Yes

No Explain.

School Demographics
•

Describe the makeup of your average class as far as ethnicity (%Caucasian, Hispanic,
etc.)

•

Describe the makeup of your average class as far as student status (special education
students, gifted students, etc.)

•

What is your average class size?
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Professional Climate
•

What types of in-service training does your school provide? Describe.

•

If you have a mentor teacher, describe your relationship. What does he or she teach?

•

Describe your school administration's teaching ideology. Do you agree or disagree
with this ideology? Explain.

•

In what ways do you interact with your colleagues during the workday? Does your
school set up opportunities for you to establish such relationships? Describe.

•

Describe how your school evaluates your performance.

•

What are your main concems for this year?
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Teacher Preparation Program
What content major(s) and niinor(s) do you have?
Institution:
Year degree awarded:
What teaching certificate(s) do you hold?
Year awarded:
Describe your teacher preparation program:
Type of program:

M.Ed.

Post-bac

Undergrad

Other

Institution:
Number of units
Length of student teaching:
Did your teacher preparation program include the following:
Science methods class?

Y

N

Cognition class?

Y

N

History and philosophy of science?

Y

N

Describe how you feel your teacher preparation program prepared you to teach

145

Teaching Practices
•

What are the three most common instructional techniques that you use in your
teaching?

•

How would define inquiry in your classroom?

•

Have you implemented any inquiry lessons in your teaching?

•

If yes, please describe these lessons

•

If no. please describe reasons for not implementing inquiry

•

What lesson (or unit) that you have taught have you been pleased with? Why?

•

What lesson (or unit) that you have taught that you have been unhappy with? Why?
How do you plan to change it in the future?

•

What metaphor describes your role as a teacher?
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Views of Nature of Science V-NOS (C)

Name:
Date:

/

/

Instructions
• Please answer each of the following questions. Include relevant examples whenever
possible. You can use the back of a page if you need more space.
• There are no ''right'^ or ''wrong'^ answers to the following questions. We are only
interested in your opinion on a number of issues about science.

I. What, in your view, is science? What makes science (or a scientific discipline such as
physics, biology, etc.) different from other disciplines of inquiry (e.g., religion,
philosophy)?

2. What is an experiment?
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3. Does the development of scientific knowledge require experiments?
•

If yes, explain why. Give an example to defend your position.

•

If no, explain why. Give an example to defend your position.

4. Science textbooks often represent the atom as a central nucleus composed of protons
(positively charged particles) and neutrons (neutral particles) with electrons
(negatively charged particles) orbiting that nucleus. How certain are scientists about
the structure of the atom? What specific evidence, or types of evidence, do you think
scientists used to determine what an atom looks like?
OR
4. Science textbooks often define a species as a group of organisms that share similar
characteristics and can interbreed with one another to produce fertile offspring. How
certain are scientists about their characterization of what a species is? What specific
evidence do you think scientists used to determine what a species is?
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5. Is there a difference between a scientific theory and a scientific law? Illustrate your
answer with an example.

6. After scientists have developed a scientific theory (e.g., atomic theory, evolution
theory), does the theory ever change?
•

If you believe that scientific theories do not change, explain why. Defend your
answer with examples.

•

If you believe that scientific theories do change:
(a) Explain why theories change?
(b) Explain why we bother to learn scientific theories. Defend your answer with
examples.
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Scientists perform experiments/investigations when trying to find answers to the
questions they put forth. Do scientists use their creativity and imagination during their
investigations?
If yes, then at which stages of the investigations do you believe that scientists use
their imagination and creativity: planning and design; data collection; after data
collection? Please explain why scientists use imagination and creativity. Provide
examples if appropriate.
If you believe that scientists do not use imagination and creativity, please explain
why. Provide examples if appropriate.

It is believed that about 65 million years ago the dinosaurs became extinct. Of the
hypotheses formulated by scientists to explain the extinction, two enjoy wide support.
The first, formulated by one group of scientists, suggests that a huge meteorite hit the
earth 65 million years ago and led to a series of events that caused the extinction. The
second hypothesis, formulated by another group of scientists, suggests that massive
and violent volcanic eruptions were responsible for the extinction. How are these
different conclusions possible if scientists in both groups have access to and use tiie
same set of data to derive their conclusions?
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Some claim that science is infused with social and cultural values. That is, science
reflects the social and political values, philosophical assumptions, and intellectual
norms of the culture in which it is practiced. Others claim that science is universal.
That is, science transcends national and cultural boundaries and is not affected by
social, political, and philosophical values, and intellectual norms of the culture in
which it is practiced.
If you believe that science reflects social and cultural values, explain why and how
Defend your answer with e.xamples.
If you believe that science is universal, explain why and how. Defend your answer
with examples.
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Beliefs Interview Protocol
Name

Date

Please respond to the following questions. Include examples from your teaching where
possible.
1. How do you personally icnow when you have learned?

2. In an ideal setting how do you decide what to teach and what not to teach?

3. How do you decide when to move on in your classroom?

4. How do you describe your role as a teacher?

5. How do your students learn best?

6. How do you know when your students understand?

7. How do you know when learning is occurring in your classroom?

8. How do you maximize student learning?

9. How do you adapt your teaching to best represent the discipline of science?
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Project: ASIST- Final Evaluation

1. What aspects of the ASIST program have been most valuable to your science
teaching?

2. How would you change the ASIST program to better meet your needs?

3. What ASIST strategies did you try in your class? Give specific examples.

4. What strategies from your preservice program did you try in your class? Give specific
examples.

5. How is ASIST different to your teacher training program?

6. What ASIST strategies do you hope to continue (or start) to use in your class?
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7. What topics should have been covered, but were not?

8. Please comment about the following:
•

The Mentor Teachers

•

The monthly meetings

•

Using electronic communications

•

Classroom observations

•

Access to project staff

9. Additional Comments
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APPENDIX B

CODING SCHEMES

Ill an ideal situation, how do you dccidc what to teach and
what not to teach?

'I'cuclicr I'ucuscd

't'eachcr I'ocuscd

I

!

I

\
Student Focused

!

Transitional: Decision in
Trudilionul:
Decision guided by
curriculum

instructive: Decision
based on teacher focus/
direction

L
"What students
need to know for
next course"

liused on tune

J
)

"What I enjoy
and get excited
about"

"Wlwt I tliink IS
important"

X

which some modification
is based on student
feedback

my students"

"Wlvat 1 fed

"Strictly by the
book"

comfortable with"

"Limited by the
district
curriculum"

"Ifl have the
materials
available"

X

J
)
)

"What I think the
students will be
interested in"

"I think of the
ability levels of

"What I think
will be relevant
to the students"

Student Focused

l:arly Constructivist:
Decision based on
student feedback and
other factors

I
"What
misconceptions
my students have
and what their
interests arc"

"Dased on the
interests of myself
and my students.
When we're into
it, we learn
better."

Bxperienced
Constructivist:
Decision based upon
student focus or
direction that is
integrated into
standards.

I
"It has tu be
engaging to the
students and
conceptually
connected within
the curriculum"

1 low do you decide when to move on in your classroom?

S,
1
?

liislruclive: Direcled by
teacher; bused on
student understanding of
facts and concepts

Trudiiioiiul:
Uirecled by
(cttcher

I

J

"When the unit is
over"

\i

X

!

.

]
]

I
"Students can
reiterate concept
back to nie in
own terms"

"When wo have
covered the

\,

niutcrial"

I
"Wiien we run
out of time"

X

J

]
)

"When I feel like
the students get

V*

it"

"I give (|ui/./.cs
once a week"

1

I

Teacher Focused

Teacher Focused

Transitional: Teacher
decision based on
limited student
feedback or ability of
the teacher

I
"I can sec them
doing the lab
correctly"

J
]

"When the kids
have had enough"

"It is not that the
students got bored,
but we covered it
in as many ways as
I could"

Student Focuscd

Student l-ocused

T

I

Early Constructivist;
Decision based on
student feedback that
potentially involves
revisting conci>|)ts

I
"When students arc
comfortable with the
content; they use it in
their vocabulary, writing,
and discussions"
"It comes from the
students; their lack of
interest or the
development of
management issues"

\

Kxperienced Constructivist:
Decision bused on student
abilities to demonstrutc
understanding in different
ways. Teacher muy niter
instruction to be more
developnientally appropriate

"An infonnal
evaluation of student
conversation. By the
time I give the test,
it's loo late."

X

"I move on when
there's a lull, but if they
start asking questions
about the old idea, I go
buck."

L»i
0\

^^^^^^^^lo^l^rtHulcscribeyoun^l^istead^^

readier Focused

Traditional: FIKUS
on information and
structure

"All knowing
sage

"Deliverer of
information"

"I need to provide
consistent
routines and
classroom rules"

Teachcr Focused
'

Instructive: F'ocus on
providint; experiences

I o provide
materials and
opportunities for
students to learn"

"I maintain
student focus to
miniini/.c
management
issues

Student Focused

I

Traiisitionul: Focus on
tcacher/student relationships
or student understanding

Student
1 need to
develop a good
rapport with my
students"

"You have got to
make the students
feel comfortable or
they will have a
difficult time
learning"

Content

"To guide (he
students in
developing
conceptual
understanding
and critical
thinking skills"

l:arly Constructivist;
Focus on collaboration
between teacher and
student

I
" To set up my
classroom so that my
students can take
charge of their own
learning"

Student Focused
'
Bxperienced
Constructivist:
Focus on mediating
student prior
knowledge and the
knowledge of the
discipline

"I am u lour guide
who helps
students make
sense of their
surroundings in a
manner that is
consistent with
what is known"

«-/l

-J

i low do your students Icurn bust?

'I'cachcr Twuscd

Tcachcr l-ocusud

T

,

'Iruiiiiional:
I'Voni the tcachcr

"By paying
attention"

L
t By taking good
notes"

!
Instructive: By
Iiiiinicking the teacher

I
"l)y working
problems"

J

]

.

1

J

"This is what it
docs, now go and
do it"

1

I
Transitional: By
following procedures

Student Tocuscd
!
liarly Coiislructivist;
By encountering and
interpreting
phcnoniena

I
"By doing a
laboratory"

"By doing handson activities"

I
"They arc
challenged to
create their own
understanding to
explain their
generated data"

\

Student I'ocused
!
Experienced
Constructivist: By
eliciting,
encountering, and
constructing their
ideas about
phenomena

I
"When they have
ownership over
what they learn
and how they
choose ID go
about learning it"

"They watch me
do it, then they
practice it on one
another"

)
L/i
tX)

1 low do you know wlien your students understand?

'I'cachcr Focuscd
!

Teacher Focused

Tradilionul: When
Ihey rcccivc ihc
inforinulion

Instructive: When they
can explain or
denionslralc what has
been presented

"When they can
(leniunslrale i( on
a written test"

"11 IS impurtanl
Ihut they hear it
three times"

"We covered it in
class"

Student Focused

1

"When they can
do well on a
practical
exuniinalion"

Iransitional: When
they give a response
related to the presented
information

Knowledge
i
"When they talk
about the
knowledge
presented"

Affcctive
!

"'llicir faces
light up"

"When they can
explain it to ine"

"When they can
use their own
words to explain
a concept"

T
"If they can follow
insiruclions during
experiments"

liarly Constructivist:
When they can ulitize
the presented
knowledge

5
"When they can
defend their ideas
using evidence and
examples"
X

"When they
give
presentations"

" I hey get
excited"

"When they are
animated about
the lesson outside
of class"

"When students are
well measured
about the topic"

Student Focused
•
Hxperienced
Constructivist: When
Ihey can apply
knowledge in a novel
setting, or construct
something novel that
is related to the
knowledge

I
"They can come
up wtih questions
that arc reflective
and insightful.
'Hie questions
demonstrate their
understanding."

"One of my
students used
trigonometry to
solve physics
problems"

L/i
v£>

How you know when learning is occurring in your classroom?

'I'uuchcr I'ocuscil
I
'rruililioiml:

Determined by
feedback at the end
of instructiunui
cycle

\i

I

J
)

Student Tocused

Tcuclicr Fuciiscd
I

Instruclivc: Determined
by feedback ihrouuh
individual measures by
the teacher throughout
instruction

J
]

"I give regular
(|ui//.cs 10 see if
they are gelling
it"

"It is still i|uiel ul
the end of the
lesson"

\

"When they can
follow the
instructions in
the laboratory"

"From the test at
the end of the
unit"

I look at their lab
write-ups, their
graphs, their
tests.

\

Transitionul:
Subjectively
delermincd from
students and artifacts

liaily Construclivisi:
Students interactions
exist about the subject
matter that are basic

Student Pocused
!
iixperienced
Conslructivist: Students
interactions about
subjcct matter challenge,
explore, or reflect upon
knowledge and
knowledge formation

I
Cognitive

Arfectivc

1
"Students are
actively engaged
in learning rather
than passive
recipients of
information"

"Students write a
relleclion about
their learning"

"When students
interact to solve
problems"

"Students can
formulate thoughtful
questions about the
content"

"Students are
helping each
other"

"Students seek other
students opinions
about the content and
what they know about
an idea"

X

I can tell by
ihe look in
(heir eyes"

"Student
"Students arc
talking about
science outside
of class"

conversations arc

animated and
well-measured
about the topic"

"When students
are teaching one
another"
"students defend their
ideas through use of
evidence and examples"

ON

o

J

How do you maximize student learning?

I

Teacher Focused

I

Traditional;
Teacher provides
information in a
structured
environment

I

Teacher Focused

I
Instructive:
Teacher has

Transitional:
Teacher creates

prescriptive

a environment

framework that

that attends to

guides instruction

student needs

I

Cognitive
By closely

I

lessons"

monitoring

"By using

T

class activities

different
types of

"By using
PowerPoint
presentations"

"By

Constructivlst: Student

Students interact

ideas drive instruction,

with one another

and instruction allows
for students to interact

and their

with their

knowledge

activities

Affective
"By building
a positive,
supportive
environment"

"By arranging
"By

that the students

entertaining

face me"

them"

"By using small
group activities in

"Not all

which students

students learn

hypothesize,

the same"

predict, create,
share and

connecting
the content to

the classroom so

Experienced

Early
Constructivlst;

understanding

"By carefully
planning my

Student Focused

Student Focused
'

question"

"By

"By having a

encouraging

relationship

them to do

students to

with students

their own
thinking"

outside of
class"

"By allowing

"By giving students

choose their

the opportunities to

own vehicles

defend their ideas

to learn by"

in front of their
peers"

o

I low do you adapt your tcacliing to best represent the
discipline of science?

I

f
"Product" model;
hicrarchicul,
rnaximii^ing the
flow of fuels rroin
teuclicr to students.

I
"I tcach cells,
organelles, etc,
that is biolo{;y"

I

J

"Procedural" model;
students use the
scientific method to
verify concepts,
teachcr controls
process and
assessment

]

"Process" model;
students introduced to
"nomial science" generali/able mode of
inquiry. Tcachcr may
relinquish some
control of proccss

1
"1 match my
lessons lo the six
steps of the
scientific
methods"

"Focus on
vocabulary"

"Picking content
fron> the
standards"

I

"Having the
students use the
scientific method"

I

"Inquiry" model;
Purposeful
investigation to explore
a (may be teachcr or
student generated)
question into a
scientific phenomena.
Eincompasses results
and methods

]
1
"Rclcvaiifc" model;

Instruction that
integrates content,
process, and nature of
science issues in
personally,
scientifically, or
societally based issues

\
"Students are
curious about a

"Not just doing a
lub because, but
to solve a
problem"

"Students have a
question lo
investigute"

I
"Students
investigute their
own question and
ideas ubout u
scientific
phenomena"

I
"Students need to
make connection
between content and
philosophy of science"
X
"It is more than collecting
data, but understanding
the rule of evidence in
science and how we
generate ideas and
theories"

0\
i-j

What is Science?

science as a body of
knowledge

science as empincallybased explanation of

science as technology
"the answers to

science as a process

the world

questions"

"Science Is

Understanding
and controlling

absolute,there

the world

"empirically
based"
the way to

are no

answer a

uncertainties"

question or solve
Science =

Knowledge about
the world around

a probelm"

any form of empirical
requires direct

technology

oobservation
Has a concrete
and specific

"an investigation

method

of the real world
rooted in

can be used to
prove the truth"

"the way by
which theories
are proved or
disproved"

empirical data"

"pusuit of
understanding
through study of

"science explains
the world around

observable

phenomena"

us
"valid
"a formalized
mode of

explanation
requires direct

discovery"

observation"

Ov

What is an
Experiment?
induction'

a learning tool

the scientific method
hypothesis testing

observations
using our senses

multiple methods
A way to learn a
fact or principle

the steps to

about the topic

solving a

Any effort to collect data

problem

controlled

and advance scientific

hypothesis

knowledge, by validating

testing

or rejecting ideas

you start with a

about it in a
requires controls and

through a series

mutlpie trials to

a way of
perceiving or

provide validity and
truth
which theories are
verified or

an alternative
to reading

question and go

the process by

under study

empirical data
provides support for
an idea

observing

X.

phenomena

A careful and
organized test of

disproved, that

a hypothesis, i.e.

traditionally

uses controls,

requires observable

multiple trials

physical data

Organized and
detailed
observation to
develop or test
an idea

must be able to be
gathering data to

repeated by others

support or

to validate results

disprove a
hypothesis

T
A controlled,
repeatable anser to
a question

£

How certain are scientists about
...? What specific types of
evidence do you think scientists
used to

?

models as a teaching

lack of content

tool

knowledge
Something to

uncertain due to

high content answer

Indirect evidence

but science is

absolute Irulh

with bone
structure but

uncertain due

I don'l know the
specific

tentative

evidence but the

multiple Inlerprelallons

atomic model Is

then again I'm

just a model a

not sure
There are things
we now II doesn't
I think they need

DNA will

lo use ONA as

straighten the

well as

whole thing out

Bohr model, bul

ealing habits

looks like

species exist even In
college texibooksl I

/
'

scientists are
very certain
about the model

ideas

scientists have

defined but we are

different opinions.

nucleus-

structure, we cannot

centered/

actually look at an atom

N,

difference in ONA Is
needed to be a

\

species?

assume different

general models are well-

All of the findings
listed Idetailed)
support but do not

uncertain of the exact

of the atom -

prove the atom
multiple ways to ID

exists as described.

a species,

based
the atom.

for us lo teach

the line has not been

we do not know
multiple definitions of

distribution of

window of precision but

drawn yet - how much

what It actually

electron energy-

convenient way

look like, i.e.

reproduction and
but...

ONA has narrowed the

characlensllcs,
Lots of data is used but the

ONA etc but

model of the atom is

species Is a human

constantly changing, the

construct so it

problem Is we have to use

depends on your

indirect evidence

specially

(detailed history of the
atom), but the picture Is still
muddied even quantum
mechanics has not given
us the answer

o\

]|

Is there a difference between a

we learn theories

Why do we teach

scientific theory and a law?

so we can apply
them to
technology

laws are more powerful
and represent truth

T

theories are
explanative, laws are

theories become laws
Scientific laws are known
to be true, theories we just
think are

Laws are more easy to prove as

explanations and
laws are

If a theory cannot be

generalizations, a

disproved it becomes a

statement or
equation that allows
us to predict

law
X
Theories are being tested,

I

laws have been tested and

laws are upheld but theories

held up to be ture

are more questionable

\-

I

Laws are accepted information,

Theories offer

\

theories provide us with
a framework to view the

I

world and offer the best

Once a theory has

explanations possible

been proven it
becomes a law

theories are provisional
knowledge

theories provide the
we learn theories so
we can test them, see

theories and laws are

predictive

1

they rely on observations,
theories require inferences

theories?

if they are right

important as part of the

basis for further
experimentation and
development of new
ideas

body of scientific
knowledge

so they can be
refined

o
o\

Does a theory
ever change?
by indeterminant
by new perspectives

means
theories change

by new/ data
by becoming laws

a new

over time, look

perspective of

at the theory of
evolution!

With the

looking at old

introduction of

data may also

yes it can

new data

become a law

theories may be

change a theory
^

abandoned or
modified

since a theory is
not a law it can
be changed

J

as new technology
develops new data is
uncovered

I
new data may challenge
a theory and allow a new
theory to replace or
subsume an old theory

ON

-J

Do scientists use creativity and
imagination during an
investigation?

limited, scientists
must be thorough and

lack of creativity is

analytical

problematic for
students

Not during data
collection, you
need to maintain
the integrity of
the experiment

creativity linked to

creative is crucial in all
even the

areas

development of

smartest kids

technology

have a hard time
designing an
experiment, they
In all parts but particularly

A lot of creativity is
needed to come up with

without creativity

a hypothesis but after

we would not

this imagination should

\

interpretation of data,

are just not
creative

different people have
different perspectives

have the Internet

not apply a part

I

In all parts but especially
finding a new way to

data collection and

measure something

analysis should be

requires creativity

thorough and

1

systematic

All parts especially
interpretation, look at Ruthertord
anyone else would have Ignored
back-scattering

N,

o\
00

How are different conclusions
possible form ttie same data
set?

new data can prove

data is subject to

which is correct

interpretation

not enough data to

r

\

y

between the two
ideas

third possibility

>

experiments and
data we can
determine

data support both

c

with new

scientists bring

theories

their own views
and

content-oriented
answer

r

preconceptions

\

to the discussion

an incomplete
data set leaves

both theories

room for a

i

variety of
theories

explain the
existing data

not complete,
collection of more
data will support one

differently

offers a third
opiion of why

When the data set is

so they interpret
the data

\

dinosaurs

the data support

becane extinct

both theories and
little data refutes
either

Data are
interpreted
differently by
different people,
depending on
background etc.

theory over another

o
o

Does science reflect social
and cultural values?
personal values
determine what I teach
science is universal

personal values
influence
whether I accept

science inhibited by
society and culture
science is
universal as
observations are
not dependent on

Z

locaiton Newton's laws

science at its
best if free of

apply
everywhere!

cultural value, it

society and culture
determine the direction
of scientific research

society and culture
determine the direction
and interpretation of
scientific research

a scientific idea
and if I teach
that idea in my
class

social and
may be inhibited

z

by society in

culture determines what
avenues of science will be

society and

science is universal, if

temrs of money
but that can be

culture dictate

the money is there to

overcome

explored, particularly on
religious grounds

what is studied

cure AIDS then all

and how it is

scientists will work on

Interpreted

AIDS

the direction of scientific research

I

religion, wartime etc. But scientific

is cultural and societal, i.e.

science is universal,
scientists at the U of A are
researching the same stuff
as others across the world

interpretation of
data is infused

results are universal and

with cultural and

unaffected by geography

personal values

171

REFERENCES
Abd-El-Khalick, F., Bell, R.L., 8c Lederman, N.G. (1998). The nature of
science and instructional practice: Making the unnatural natural. Science
Education. 82. 417-436.
Abell, S. K., Dillon, D. R., Hopkins, C. J., Mclnery, W. D., & O'Brien, D.G. (1995).
"Somebody to count on": mentor/intern relationships in a beginning teacher internship
program. Teaching and Teacher Education. 1 U2). 173-188.
Abell, S. K., & Pizzini, E. L. (1992). The effect of a problem solving in-service
program on the classroom behaviors and attitudes of middle school science teachers.
Journal of Research in Science Teaching. 29(7). 649-667.
Abimbola, O. A. (1983). The relevance of the "new" philosophy of science
for science curriculum. School Science and Mathematics. 83. 183-190.
Acheson. K.A., & Gall, M.D. (1997). Techniques in the clinical supervision of
teachers: Pre-service and in-service applications. New York; Addison Wesley Longman
Inc.
Adams, P. E., & FCrockover, G. H. (1997). Concerns and perceptions of beginning
secondary science and mathematics teachers. Science Education. 81. 29-50.
American Association for the Advancement of Science. (1993). Benchmarks for
science literacy. New York: Oxford University Press.
Anderson, L. M., Blumenfeld, P., Pintrich, P. R., Clark, C. M., Marx. R. W., &
Peterson, P. (1995). Educational psychology for teachers: Reforming our courses,
rethinking our roles. Educational Psychologist. 30. 143-157.
Anderson, R. D., & Mitchener, C. P. (1994). Research on science teacher education.
In D. L. Gabel (Ed.), Handbook of research on science teaching and learning (pp. 31-44).
New York: Macmillan.
Association of Teacher Educators, Blue Ribbon Task Force. (1986). Visions of
reform: Implications for the education profession. Reston, VA.
Beck, J., Czemiak, C. M., &. Lumpe, A. T. (2000). An exploratory study of teachers'
beliefs regarding the implementation of constructivism in their classrooms. Journal of
Science Teacher Education. 11(4). 323-243.
Berg, B. L. (1998). Qualitative research methods for social studies. Needham
Heights, MA: Allyn and Bacon

172

Berliner, D. C. (1986). In pursuit of the expert pedagogue. Educational Researcher.
15(7), 5-13.
Brickhouse, N. W. (1990). Teachers' beliefs about the nature of science and their
relationship to classroom practice. Journal of Teacher Education. 41(3). 53-62.
Brickhouse, N. W., & Bodner, G. M. (1992). The beginning science teacher:
Classroom narratives of convictions and constraints. Journal of Research in Science
Teaching. 29(5). 471-485.
Brockmeyer, M. A. (1998). The impact of an extended inquiry-based in-sen/ice
program on the beliefs and practices of beginning secondary science teachers. Doctoral
dissertation, the University of Iowa, Iowa City.
Brookhart, S. M., & Freeman, D. J. (1992). Characteristics of entering teacher
candidates. Review of Educational Research. 62(1). 37-60.
Burden. P. R. (1990). Teacher development.. In W. R. Houston (Ed.), Handbook of
research on teacher education, (pp. 311-328) New York, NY: Macmillan.
Bybee, R. W. (1997). Achieving scientific literacy: From purposes to practices.
Portsmouth, NH: Heinemann.
Carlsen, W. S. (1993). Teacher knowledge and discourse control: Quantitative
evidence from novice biology teachers' classrooms. Journal of Research in Science
Teaching. 30(5). 417-481.
Carter, K., & Richardson, V. (1989). A curriculum for initial-year-of-teaching
program. Elementary School Journal. 89.405-419.
Century Foundation (2000). Expanding the supply of quality teacher, [on-line]
http://www.ideas2000.org/Issues/Education/Ouality Teachers.pdf
Chiapetta, E. L., Sethna, G. H., & Fillman, D. A. (1993). Do middle school life
science textbooks provide a balance of scientific literacy themes? Journal of Research in
Science Teaching. 30. 787-797.
Connecticut State Department of Education, (1999). A guide to the BEST program
for beginning teachers: Beginning educator support and training program. Hartford, CT:
Connecticut State department of Education, Bureau of Curriculum and Teacher
Standards.
Connor, E.L. (1984). Evaluation of the 1983-1984 beginning teacher program.
Miami, FL: Dade County Public Schools Office of Educational Accountability. (ERIC
Document Reproduction Service No. ED 257 853).

173

Crawford, B. A. (1999). Is it realistic to expect a pre-service teacher to create an
inquiry-based classroom? Journal of Science Teacher Education. 10. 175-194.
Crawford, B. A. (2000). Embracing the essence of inquiry: New roles for science
teachers. Journal of Research in Science Teaching. 37(9). 916-937.
Crosser, S., Griggs, I. L., & Haynes. M. (1994, February). Status of beginning teacher
support programs in NCATE accredited institutions. Paper presented at the annual
meeting of the American Association of Colleges for Teacher Education, Chicago.
Darling-Hammond. L., (2000). Solving the dilemmas of teacher supply, demand, and
standards: How we can ensure a competent, caring, and qualified teacher for every child,
[on-line] http://www.tc.edu/nctaf7publications/solving.html
Davis, M. M., Konopak, B. C., & Readence, J. E. (1993). An investigation of two
chapterl teachers' beliefs about reading and instructional practices. Reading Research and
Instruction. 33(2). 105-133.
Driver, R., Asoko, H., Leach, J., Mortimer, E., & Scott, P. (1994). Constructing
Scientific Knowledge in the Classroom. Educational Researcher. 23(7). 5-12.
Duschl. R. A. (1987). Abandoning the scientific legacy of science
education. Science Education, 72, 51-62.
Duschl, R. A., & Wright, E. (1989). A case study of high school teachers' decision
making models for planning and teaching science. Journal of Research in Science
Teaching. 26. 467-502.
Edge, D. (1985). Dominant scientific methodological views: .A.ltematives and their
implications. In B. .Musschenga and D. Gosling (Eds.), Science education and ethical
values: Introducing ethics and religion into the science classroom and laboratory (pp. 39). Washington, DC: Georgetown University Press.
Eisenhardt, K. M. (1989). Building theories from case study research.
Academy of Management review. 14(4). 532-550.
Eisenhower Math and Science Foundation. (1998) State higher education support for
beginning teachers, [on-line] www.ed.gov/inits/teachers/eisenhower.
Eisner, K. (1984). First year evaluation results from Oklahoma's entrv-vear assistance
committees. Paper presented at the meeting of the Association of Teacher Educators,
New Orleans, LA. (ERIC Document Reproduction Service No. 242 706).
Emmer, E. T. (1986). Academic activities and tasks in first year teachers' classes.
Teaching and Teacher Education. 42. 386-399.

174

Ernest, P. (1989). The knowledge, beliefs, and attitude of the mathematics teacher: A
model. Journal of Education for Teaching. 15. 13-34.
Fang, Z. (1996). A review of research on teacher beliefs and practices. Educational
Research. 38(1). 47-65.
Feiman-Nemser, S. (1983). Learning to teach (Rep. No. 156). East Lansing, MI:
Michigan State University, Institute for Research on Teaching.
Fullan, M. G. (1991). The new meaning of educational change. New York NY:
Teacher College Press.
Fuller, F. F., & Bown, O. H. (1975). Becoming a teacher. In K. Ryan (Ed.), Teacher
education (74"^ Yearbook of the National Society for the Study of Education, Pt. n, pp.
25-52). Chicago: University of Chicago Press.
Gallagher, J. J. (1989). Research on secondary school science practices, knowledge
and beliefs: A basis for restructuring. In M. Matayas, K. Tobin & B. Fraser, (Eds.),
Looking into windows: Qualitative research in science education. Washington, DC:
American Association for the Advancement of Science.
Gallagher, J. J. (1991). Perspective and practicing secondary school science teachers'
knowledge and beliefs about the philosophy of science. Science Education. 75. 121-134.
Gess-Newsome, J. (1999). Knowledge and beliefs about subject matter. In J. GessNewsome and N. G. Lederman (Eds.), E.xamining pedagogical content knowledge.
Dordrecht, Netherlands: Kluwer Academic Publishers.
Gess-Newsome, J. & Lederman, N. G. (1993). Pre-service biology teachers'
knowledge structures as a function of professional teacher education: A year-long
assessment. Science Education. 77. 25-45.
Gilbert, S. W. (1992). A survey of science methods courses and instructors in Illinois,
Ohio, and Indiana. Journal of Science Teacher Education. 3(2). 33-39.
Glaser, B., & Strauss, A. (1967). The discovery of grounded theory. Chicago: Aldine.
Glassberg, S. (1979). A developmental model for the beginning teacher. In K. R.
Howey (Ed.), Toward meeting the needs of the beginning teacher. Lansing, MI: Midwest
Teacher Corps Network.
Glenn Commission Report. (2000). [on-line] www.ed.gov/americacounts/glenn
Gold, Y. (1996). Beginning teacher support: Attrition, mentoring, and induction. In J.
Sikula (Ed.), Handbook of research on teacher education, (pp. 548-596) New York, NY:
Macmillan.

175

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher
education. New York: Teachers College Press.
Guskey, T. R. (1985). Staff development and teacher change. Educational Leadership.
42(7), 57-60.
Haney, J. J., Czemiak, C. M., & Lumpe, A. T. (1996). Teacher beliefs and intentions
regarding the implementation of science education reform strands. Journal of Research in
Science Teaching. 33(9). 971-994.
Hashweh, M. Z. (1987). Effects of subject matter knowledge in the teaching of
biology and physics. Teaching and Teacher Education. 3(2). 109-120.
Heruy, M. A. (1988a). Multiple support: A promising strategy for effective teacher
induction. In J. Reinhartz (Ed.), Teacher Induction (pp. 52-60). Washington D.C.:
National Education Association.
Henry, M. A. (1988b). Multiple support: A successful model for inducting first-year
teacehrs. In J. Reinhartz (Ed.), Teacher Induction (pp. 7-12). Washington D.C.: National
Education Association.
Hoffman, J. V., Edwards, S. A., O'Neal, S., Barnes, S., & Paulissen, M. (1986). A
study of state-mandated beginning teacher programs. Journal of Teacher Education.
37(n. 16-21.
Holmes Group, The (1986). Tomorrow's teachers. East Lansing, MI.
Hollingsworth, S. (1989). Prior beliefs and cognitive change in learning to teach.
American Educational Research Journal. 26. 160-189.
Holt-Reynolds, D. (1992). Personal history-based beliefs as relevant prior knowledge
in coursework. American Educational Research Journal. 29. 325-349.
Huling-Austin, L. (1986). What can and cannot reasonably be expected from teacher
induction programs. Journal of Teacher Education. 37fl). 2-5.
Huling-Austin, L. (1990). Teacher induction programs and internships. In W.
Houston (Ed.), Handbook of teacher education (pp. 535-548). New York: Macmillan.
Huling-Austin, L. (1992). Research on learning to teach: Implications for teacher
induction and mentoring programs. Journal of Teacher Education. 43(3). 173-180.
Ingersoll. R. M. (1996). Out-of-Field Teaching and Educational Equality. Washington
DC: United States. Department of Education, Office of Educational Research and
Improvement.

176

Jacobsen, M. (1992). Mentoring as university/public school partnership. In G. P.
DeBolt (Ed.), Teacher induction and mentoring: School-based collaborative programs
(pp. 139-168). Albany, NY: State University of New York Press.
Johnston, J.M. (1985). Teacher induction: Problems, roles, and guidelines. In P. J.
Burke &. R. J. Heideman (Eds.), Career-long teacher education (pp. 194-222).
Springfield, IL: Charles C. Thomas Publisher.
Johnston, J. M., & Kay, R. (1987). The role of institutions of higher education in
professional teacher induction. In D. M. Brooks (Ed.), Teacher Induction: A new
beginning. Reston, VA: Association of Teacher Educators.
Joram, E., & Gabriele, A. J. (1998). Preservice teachers' prior beleifs: Transforming
obstacles into opportunities. Teaching and Teacher Education. 14(2). 175-191.
Kagan, D. M. (1992). Professional growth among pre-service and beginning teachers.
Review of Educational Research. 62(2). 129-169.
Keys, C. W., &. Bryan, L. A. (2001). Co-constructing inquiry-base science with
teachers: Essential research for lasting reform. Journal of Research in Science Teaching.
38(6). 631-645.
Kimball, M. E. (1968). Understanding the nature of science: A comparison
of scientists and science teachers. Journal of Research in Science Teaching.
201,3-6.
Lantz, O., & Kass, H. (1987). Chemistry teachers' functional paradigms.
Science Education. 71. 117-134.
Lazarowitz. R., & Tamir, P. (1994). Research on using laboratory instruction in
science. In D.L. Gabel (Ed.), Handbook of research on science teaching and learning (pp.
94-128). New York: Macmillan.
Lawson, A. (1995). Science teaching and the development of thinking. Belmont, CA:
VVadsworth Publishing.
Lederman, N. G. (1992). Students' and teachers' conceptions of the nature of science:
A review of the research. Journal of Research in Science Teaching. 29. 331-359.
Lederman, N.G. (1999). Teachers' understanding of the nature of science and
classroom practice: Factors that facilitate or impede the relationship. Journal of Research
in Science Teaching. 36. 916-929.

177

Lederman, N.G., & Druger, M. (1985). Classroom factors related to
changes in students' conceptions of the nature of science. Journal of Research
in Science Teaching, 22, 649-662.
Lederman, N. G., Gess-Newsome, J. G., & Latz, M. S. (1994). The nature and
development of pre-service science teachers' conceptions of subject matter and pedagogy
knowledge. Journal of Research in Science Teaching. 31. 129-146.
Lidstone, M. & Hollingsworth, S. (1992). A longitudinal study of cognitive change in
beginning teachers: Two patterns of learning to teach. Teacher Education Quarterly.
19(3), 39-57
Livingston, C., & Borko, H. (1989). E.\pert-novice differences in teaching: A
cognitive analysis and implications for teacher education. Journal of Teacher Education.
40f4). 36-42.
Lortie, D. C. (1975). School teacher: A sociological studv. Chicago: University of
Chicago Press.
Loughran, J. (1994). Bridging the gap: An analysis of the needs of second-year
science teachers. Science Education. 78. 365-86.
Louisiana State Department of Education, (1998). Louisiana teacher assistance and
assessment program. Baton Rouge, LA: Louisiana State Department of Education.
Loving, C. (1991). The scientific theory profile: A philosophy of science model for
science teachers. Journal of Research in Science Teaching. 28. 823-838.
Luft, J. A. (2001). Changing inquiry practice and beliefs? The impact of a one-year
inquiry-based professional development program on the beliefs and practices of
secondary science teachers. International Journal of Science Education. 23(5). 517-534.
Luft, J. A. (1999). Assessing science teachers as they implement inquiry lessons:
Extended inquiry observational rubric. Science Educator. 8(1). 9-18.
Luft, J. A, Bancroft, J. J., & Burketta, V. (1997). An illuminating view of
mathematics and science integration. Science Scope. 18-21.
Luft, J. A., & Cox, W. E. (1998). Final report: A report on pre-service and mentoring
programs in Arizona for mathematics and science teachers. Phoenix, AZ: Arizona Board
of Regents: Eisenhower Mathematics and Science Program.
Luft, J. A., & Ebert-May, D. (1999). One state's self study of initial certification
programs in science and mathematics. School Science and Mathematics. 99(3). 124-132.

178

Luft, J. A. & Patterson, N. C. (1999). Final report: Project: Alternative support for
induction science teachers f ASIST"). Phoenix AZ: Arizona Board of Regents: Eisenhower
Mathematics and Science Program.
Luft, J. A., & Pizzini, E. L. (1998). The demonstration classroom in-service: Changes
in the classroom. Science Education, 82(2), 147-162.
Luft, K. A., Roehrig, G. H., & Patterson, N. C. (in review). Contrasting Landscapes:
A Comparison of the Impact of Different Induction Programs on Beginning Secondary
Science Teachers' Practices, Beliefs, and E.xperiences
Lumpe, A. T., Haney, J. J., & Czemiak, C. M. (2000). Assessing teachers' beliefs
about their science teaching context. Journal of Research in Science Teaching. 37(3).
275-292.
Lumpe, A. T., & Beck, J. A. (1996). A profile of high school biology textbooks using
scientific literacy recommendations. American Biology Teacher. 58. 147-153.
Lunetta, V. N., & Tamir, P. (1981). An analysis of laboratory activities: Project
Physics and PSSC. School Science. & Mathematics. 81. 230-236.
Mager, G. M. (1992). The place of induction in becoming a teacher. In G. P. DeBolt
(Ed.), Teacher induction and mentoring: School-based collaborative programs (pp. 3-34).
Albany, NY: State University of New York Press.
Magnusson, S., Krajcik, J., and Borko, H. (1999) Nature, sources and development of
pedagogical content knowledge for science teaching. In J. Gess-Newsome and N. G.
Lederman (eds). Examining pedagogical content knowledge (Dordrecht, Netherlands:
K.luwer Academic Publishers), 95-132.
Marshall, C, and Rossman, G. B. (1989). Designing qualitative research. Newbury
Park, CA: sage Publications.
Matthews, M.R. (1994). Science teaching: the role of history and philosophy of
science. New York: Routledge.
Maxwell, J. A., 1996, Qualitative research design: An interactive approach.
(Thousand Oaks, CA: Sage Publications).
Mellado, V. (1997). Preservice teachers' classroom practice and their conceptions of
the nature of science. Science and Education. 6. 331-354.
Miles, M. B. & Huberman, A. M. (1984). Qualitative data analysis: A sourcebook of
new methods. Beverly Hills, CA; Sage Publications.

179

Morine-Dershimer, G, & Kent, T. (1999). The complex nature and sources of
teachers' pedagogical knowledge. In J. Gess-Newsome and N. G. Lederman (Eds.),
Examining pedagogical content knowledge. Dordrecht, Netherlands: Kluwer Academic
Publishers.
Moscowitz, J. & Stephens, M. (1997). From students of teaching to teachers of
students: Teacher induction around the Pacific Rim. Washington DC: United States
Department of Education.
Munby H. (1982). The place of teachers' beliefs in research on teacher thinking and
decision making, and an alternative methodology. Instructional Science. 11. 201-225.
Munby, H., & Russell, T. (1992). Transforming chemistry into chemistry teaching:
The complexities of adopting new frames for experiences. In T. Russell and H.Munby
(Eds.), Teachers and teaching: From the classroom to reflection (pp90-l23). London:
Falmer.
National Association of State Directors of Teacher Education and Certification
(NASDTEC). (2000). The NASDTEC manual 1998-99. [on-line]
httD://w\vw.nasdtec.org/manual.html
National Center for Education Statistics. (1997a).Characteristics of Stavers. movers,
and leavers: Results from the teacher follow-up survev: 1994-95 Washington DC: United
States. Department of Education, Office of Educational Research and Improvement.
National Center for Education Statistics. (1997b).Schools and staffing survev: 199394 Washington DC: United States. Department of Education, Office of Educational
Research and Improvement.
National Center for Education Statistics. (1999). Teacher qualitv: A report on the
preparation and qualifications of public school teachers. Washington DC: United States.
Department of Education, Office of Educational Research and Improvement.
National Council for Accreditation of Teacher Education (NCATE). (1992).
Standards, procedures, and policies for the accreditation of professional education units.
Washington, DC.
National Research Council. (1996). National science education standards.
Washington DC: National Academy Press.
National Science Teacher Association. (2000). Survev indicates high teacher
turnover, job dissatisfaction. NSTA Reports. NSTA: Arlington, VA.

ISO

National Science Teacher Association. (1998). Standards for science teacher
preparation. NSTA: Arlington, VA.
Nespor, J. (1987). The role of beliefs in the practice of teaching. Journal of
Curriculum Studies. 19. 317-328.
Neuweiler, H. B. (1988). Teacher education policy in the states: A 50-state survey of
legislative and administrative actions. AACTE: Washington DC. (ERIC Document
Reproduction Service No. 296 997).
O'Connell, C. E., Gillett, T., & Halkett, K. (1999). Career in teaching: Mentor
teacher-intern program. Rochester, NY.
Odell, S. J. (1986). Induction support of new teachers: A functional approach. Journal
of Teacher Education. 37(1). 26-19.
Odell, S. J. (1990). Teacher induction: A program that works. Journal of Staff
Development. 11(4). 12-16.
Pajares, M. F. (1992). Teachers' beliefs and education research: Cleaning up a messy
construct. Review of Educational Research. 62(3). 307-332.
Pope. M. L. & Gilbert, J. K. (1983). E.xplanation and metaphor: some empirical
questions in science education. European Journal of Science Education. 5. 249-261.
Richardson, L. & Simmons, P. (1994). Self-0 research method and analysis, teacher
pedagogical philosophy interview: Theoretical background and samples of data. Athens,
GA: Department of Science Education, University of Georgia.
Richardson, V. (1996). The role of attitudes and beliefs in learning to teach.
In J. Sikula (Ed.), The Handbook of Research in Teacher Education (2"** ed.,
pp.102-119). New York: Macmillan.
Recruiting New Teachers, Inc. (1999). New Strategies to Curb Teacher Flight from
the Classroom Gaining Momentum Nationwide, [on-line]:
http:www.mt.org/ltr/ltr pr.html
Richardson, V. (1996). The role of attitudes and beliefs in learning to teach.
In J. Sikula (Ed.), The Handbook of Research in Teacher Education (2"*^ ed.,
pp.l02-l 19). New York: Macmillan.
Roehrig, G.H., & Luft, J. A. (2001, November). Beginning secondary science teachers'
teaching beliefs and conceptions of the nature of science, and their impact on classroom
practice. Paper presented at the biannual meeting of the International History and
Philosophy of Science Conference, Denver, CO.

181

Rokeach, M. (1968). Beliefs, attitudes, and values: A theory of organization
and change. San Francisco: Jossey-Bass.
Salish I Research Project (1997). Secondary science mathematics teacher preparation
programs: hifluences on new teachers and their students (Final report). Washington DC:
United States Department of Education and Office of Educational Research and
Improvement.
Sanford, J. P. (1988). Learning on the job: Conditions for professional development
of beginning science teachers. Science Education. 72(5). 615-624.
Schon, D. A. (1983). The reflective practitioner: How professionals think in action.
New York: Basic Books.
Schwab, J. (1964). Structure of the disciplines: Meaning and significances. In G. W.
Ford and L. Pugno (Eds.), The teaching of science. Harvard University Press: Cambridge,
MA.
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher. 15. 4-14.
Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform.
Harvard Educational Review. 57(1). 1-22.
Simmons, P.E., Emory, A., Carter, T., Coker, T., Finnegan, B., Crockett, D.,
Richardson, L., Yager, R., Craven, J., Tillotson, J., Brunkhorst, H., Twiest, M., hossain,
K., Gallagher, J., Duggan-Haas, D., Parker, J., Cajas, F., Alshannag, Q., McGlamery, S.,
Krockover, J., Adams, P., Spector, B., LaPorta, T., James, B., Rearden, K., & Labuda, K.
(1999). Beginning teachers: Beliefs and classroom actions. Journal of Research in
Science Teaching. 36. 930-954.
Sowell, E. J., Buss, R. R., Fedock, P., Johnson, G., Pryor, B., Wetzel, K., & Zambo,
R. (1995). K-12 mathematics and science education in Arizona: A status report. Phoeni.x,
AZ: Arizona Board of Regents.
Stansbury, K., & Zimmerman, J. (2000). Lifelines to the classroom: Designing
support for beginning teachers. San Francisco, CA: WestEd.
State Higher Education Executive Officers, (1999). Teacher success: State higher
education support for beginning teachers, [on-line]
http://www.sheeo.org/teacher/tsdecember99.htm
Stepans, J. (1994). Targeting students' science misconceptions: Physical science
activities using the conceptual change model. Washington, DC: National Science
Teachers Association.

182

Stroot, S. A., Fowlkes, J., Langholz, J., Paxton, S., Stedman, P., Steffes, L., &.
Valtman, A. (1999). Impact of a collaborative peer assistance and review model on entryyear teachers in a large urban school setting. Journal of Teacher Education. 50(1). 27-41.
Summers, M. (1982). Philosophy of science in the science teacher education
curriculum. European Journal of Science Education. 4. 19-27.
Supovitz, J. A., & Turner, H. M. (2000). The effects of professional development on
science teaching practices and classroom culture. Journal of Research in Science
Teaching. 37f9). 963-980.
Talbert, J. E., McLaughlin, M. W., & Rowan, B. (1993). Understanding context
effects on secondary school teaching. Teachers College Record. 95(1). 45-68.
Tobin, K. & McRobbie, C.J. (1997). Beliefs about the nature of science and the
enacted science curriculum. Science & Education, 6, 331-354.
Varah, L. J., Theune, W. S., & Parker, L. (1986). Beginning teachers: Sink or swim?
Journal of Teacher Education 37(1). 30-34.
Veenman, S. (1984). Perceived problems of beginning teachers. Review of Education
Research. 54(2). 143-178.
Waters, L. B., & Bernhardt, V. L. (1989). Providing effective induction program
support teachers: It's not as easy as it looks. In J. Reinhartz (Ed.), Teacher Induction (pp.
52-60). Washington D.C.: National Education Association.
WestEd, (2000). More swimming, less sinking: Perspectives on teacher induction in
the U.S. and abroad, [on-line]
Wilson, S. M. (1990). The secret garden of teacher education. Phi Delta Kappan. 72.
204-209.
Yin, R. K. (1994). Case study research: Design and methods. Thousand Oaks, CA:
Sage.
Zeichner, K. M. (1983). Individual and institutional factors related to the socialization
of beginning teachers. In Griffin, G. A. &. Hukill, H. (Eds.), First Years of Teaching:
What are the Pertinent Issues, pp.1-59, Report No. 9051, University of Texas, Austin:
Research and Development Center for Teacher Education.
Zeichner, K. M., Tabachnick, B. R., & Densmore, K. (1987). Individual, institutional,
and cultural influences of the development of teachers* craft knowledge. In J. Calderhead
(Ed.), Exploring teachers' thinking. London: Cassell Education.

