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Abstract

If the true efficacy of preservice programs in the overall development of science teachers is to be accurately
assessed, researchers and practitioners must work toward establishing a solid research base that critically
examines the linkages between teacher preparation, classroom instruction, and pupil learning, to act as a lens to
guide practice and feed information back into existing teacher education programs to improve their quality. The
U.S. NSF-funded IMPPACT Project represents a multi-university, collaborative research study that was
developed in response to the need for empirical evidence regarding the efficacy of science teacher preparation
programs. The purposes of this longitudinal, mixed methods study were to: 1) better understand secondary
science teachers’ learning of content and pedagogy over time as a result of key interventions within these
preparation programs; 2) assess the subsequent impact of this learning on their classroom teaching and student
achievement; and 3) determine what factors significantly influenced these teachers’ beliefs and classroom
practices following graduation. Interdisciplinary research teams at each university were responsible for
collection and analysis of data, while a panel of experts provided the research team with technical assistance.
Key research findings and their implications for preservice teacher education programs are highlighted.

Key words: Science Teacher Preparation Programs, Teacher Beliefs and Practices, Longitudinal Research,
Mixed-Methods Research

Introduction

At the heart of the debate over how to reform the K-12 education system in the United States is the issue of
teacher quality. Teachers are perceived by many to play the most crucial role in the overall reform effort, yet
educators and policymakers have failed to reach common ground when making recommendations for the
preparation of new teachers. According to Tobias (2010), the failure of teacher educators to design and
implement systematic feedback mechanisms that “close the loop” on our understanding of the effectiveness of
preservice teacher education programs in preparing highly-qualified teachers has left the field vulnerable to
widespread criticism. In fact, many education reformers and policymakers in the United States contend that
preservice teacher education programs should be abolished altogether. If the true efficacy of traditional teacher
education programs in the development of science teachers is to ever be accurately determined, researchers and
practitioners must work toward establishing a solid research base that critically examines the linkages between
teacher preparation, classroom instruction, and pupil learning. A better understanding of these connections
among teaching, learning, and the K-12 school environment could act as a powerful lens to guide practice and
feed information back into existing teacher education programs to improve their overall quality (Schalock, 2004;
Tobias, 2010).

In response to the rising controversy over the perceived effectiveness of teacher education programs, the U.S.
Department of Education charged the National Research Council (NRC) to conduct a study of science,
mathematics and reading teacher preparation in the United States to address four overarching questions:

1. What are the characteristics of the candidates who enter teacher preparation programs?

2. What sorts of instruction and experiences do teacher candidates receive in preparation programs of
various types?

3. To what extent are required instruction and experiences consistent with converging scientific evidence?
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4. What model for data collection would provide valid and reliable information about the content
knowledge, pedagogical competence, and effectiveness of graduates from various kinds of teacher
preparation programs? (NRC, 2010, p.1)

The NRC (2010) report concluded that in spite of the long history of teacher preparation programs in the United
States, much of the research fails to examine the relationships between key learning experiences within teacher
education programs and the influence they have on the beliefs and practices of beginning science teachers (Clift
& Brady, 2005; Sleeter, 2001; Wilson, Floden, & Ferrini-Mundy, 2001). Other researchers have cited the
specific need for more longitudinal, comprehensive studies of science teacher preparation programs from a
nationally representative sample of universities that investigate: 1) how specific features and elements of
preservice programs impact science teacher beliefs and practices (Luft, 2007); 2) what teachers learn about
content and pedagogy and how this learning ultimately plays out in schools (Cochran-Smith & Zeichner, 2005);
and 3) how beginning science teachers learn about schools, communities, and norms regarding state and
national education standards (Davis, Petish, & Smithey, 2006). The overall lack of research in this arena
suggests that many current science teacher education programs are not empirically grounded and more
investigation is needed to understand the role preservice programs play in shaping science teacher development
throughout each stage of their professional career (Adams & Tillotson, 1995; Craven & Penick, 2001; Luft,
Roehrig, & Patterson, 2003; Schalock, 2004; Zeichner, 2005).

The IMPPACT Project

Recognizing the pressing need for a study of science teacher education programs, a team of science educators
representing three geographically diverse universities in the United States came together in 2005 to develop a
research project that would specifically respond to the need for more empirical evidence regarding the efficacy
of science teacher education programs. Building on the strong foundation established as a result of the Salish
Research Projects (Salish | Research Project, 1997; Robinson, & Yager, 1998; Simmons, et al, 1999), the
IMPPACT Project (Investigating the Meaningfulness of Preservice Programs Across the Continuum of
Teaching in Science Education) was funded through a $2.48 million grant from the U.S. National Science
Foundation to collect extensive teacher, pupil, and teacher education program data over a three-year period from
2006-2009. IMPPACT research teams gathered data from approximately 150 teacher graduates of these three
secondary science teacher education programs who were teaching in 7-12 grade science classrooms all across
the United States. The purpose of our research investigation was: 1) to better understand secondary science
teachers’ learning of content and pedagogy over time as a result of key interventions within these three
preservice science teacher preparation programs; 2) to assess the subsequent impact of this learning on their
classroom teaching; and 3) to determine what factors significantly influenced these secondary science teachers’
beliefs and classroom practices following graduation from our preservice programs. Specifically, our study
targeted the longitudinal impact of preservice science teacher education program learning experiences on
secondary science teachers and their students (grades 7-12) across four critical stages of a teacher’s career
continuum.

Our IMPPACT researchers have been examining how formal and informal learning experiences in science
teacher education—in both pedagogy courses and science content courses— have affected science teachers’
knowledge, beliefs and classroom practices, as well as the student learning outcomes for pupils in their 7-12
grade science courses. As part of our investigation, we have paid careful attention to the developmental process
that occurs during the preservice, induction, and post-induction years related to teacher behaviors and beliefs, as
well as how skKills, beliefs, and knowledge are interconnected. We have further examined how the enculturation
process for beginning science teachers within U.S. secondary schools influences their beliefs and actions over
time as they make the difficult transition from the controlled environment of a preservice program to the often
unpredictable environment of today’s diverse classrooms.

What has made the IMPPACT Project stand apart from previous research studies in science teacher education in
the U.S. is the fact that our study has taken a multi-faceted, longitudinal approach to examining the links
between beliefs and classroom practices as a result of key interventions within three purposely chosen
preservice programs. Past research efforts have rarely looked beyond the immediate outcomes of teacher
education experiences on beginning teachers and have often failed to compare and contrast those results with
graduates from other universities over time (NRC, 2010; Wilson, Floden, Ferrini-Mundy, 2002; Zeichner,
2005). The IMPPACT Project represents a comprehensive model for exploring how both content and pedagogy
experiences in teacher education ultimately shape the practices of secondary science teachers at various stages
of their professional career. As part of our IMPPACT model, interdisciplinary research teams consisting of
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science teacher educators, scientists and doctoral research associates at each participating university were
responsible for collecting and analyzing a broad spectrum of data from teachers, 7-12 grade pupils, and teacher
education program faculty in both the sciences and education courses. In addition, a Panel of Experts comprised
of nationally renowned scholars, researchers, classroom teachers, and school administrators with expertise in
teacher education, professional development, large-scale qualitative and quantitative research design, cognitive
sciences, and the natural sciences provided us with technical assistance.

The three preservice programs selected for inclusion in the IMPPACT study universities were chosen as
research sites for a number of important reasons. First, the project investigators chose to focus on large,
doctoral-granting institutions that were similar in size, characteristics, and preservice program features, yet
located in different geographic regions of the U.S. In doing so, the researchers were able to investigate how
these program interventions impact science teacher development in the broadest range of secondary school
settings possible. The range of preservice program features included both undergraduate and graduate
certification degree programs, varying amounts of science content coursework, varying numbers of science
methods courses, variable field placements at multiple grade levels in socio-economically and culturally diverse
schools, specialized courses in technology, assessment, and/or science-technology-society applications, and
differing levels of emphasis on the nature of science within each program. The rich array of program features
across these three institutions allowed for strategic within- and cross-site comparisons to be made related to each
of our primary research questions.

The IMPPACT Project researchers used the following broad research questions to focus our investigation:

1. How do specific interventions within preservice science teacher preparation programs (e.g. multiple
science methods courses, diverse field placements, nature of science coursework, science research
experiences, advanced science content coursework, specialized applications courses, the creation of a
research-based rationale for teaching, and the systematic and extensive use of appropriate technology
to enhance learning) impact the development of secondary science teachers’ content and pedagogical
knowledge?

2.  What impact do these specific interventions have on secondary science teachers’ beliefs about effective
instruction as they progress through the stages of the teacher professional continuum?

3. To what extent do secondary science teachers demonstrate classroom practices that are consistent with
their beliefs about effective instruction as they advance through the preservice preparation program and
into full-time teaching?

4. How closely do the knowledge, beliefs and practices of secondary science teacher graduates of these
preservice programs correlate with the science achievement gains of their 7-12 grade students?

5.  What changes occur in secondary science teachers’ beliefs and practices when they are confronted with
external factors (e.g. standardized testing, state-mandated curricula, school culture) during the early
stages of their careers, and how do these factors influence ongoing professional development needs and
retention rates?

Theoretical Framework

Our research efforts were guided by two primary bodies of research literature. Past studies examining science
teachers’ beliefs and practices, as well as the Salish Research Projects (Salish I Research Project, 1997;
Simmons, et al, 1999) which investigated beginning science teacher development, were drawn upon to help us
conceptualize our IMPPACT Project research design, data collection instruments, and analysis protocols.
Several studies in the United States have indicated that while science teacher education program experiences
often have a significant, short-term impact on beginning teachers, longer studies are needed that investigate how
new science teachers’ pedagogical knowledge, beliefs, and skills change over time with increasing classroom
experience (Cochran & Zeichner, 2005; Hand & Peterson, 1995; Stofflett, 1994; Gunstone, et al, 1993). The
IMPPACT study was also intended to specifically build upon and extend the efforts of the earlier Salish studies.
The Salish | Research Project was a collaborative effort on the part of nine universities and colleges in the U.S.
to investigate the impact of their preservice science teacher education programs on new teacher performance
during the new teachers’ first 1-3 years of full-time teaching (Simmons, et al, 1999; Yager & Apple, 1993). The
results of these Salish studies have demonstrated a clear disconnect between the practices and beliefs of
beginning teachers, where many of these new teachers held student-centered beliefs yet they demonstrated very
teacher-centered classroom practices (Salish | Research Project, 1997; Simmons, et al., 1999). The Salish
outcomes identified the need to further examine the long-term impact of science teacher preparation programs
on new teachers since the Salish investigators were limited to studying new teachers during the difficult



IJEMST (International Journal of Education in Mathematics, Science and Technology) 151

induction period (first 1-3 years of teaching) where the influence of preservice program experiences are often
confounded by a number of contextual factors (Simmons, et al, 1999; Salish | Research Project, 1997).

The literature on the role that science teachers’ beliefs play in shaping knowledge, understandings and practices
within a science classroom setting also directly informed the IMPPACT Project efforts. Several studies have
shown the strong influence of teachers’ beliefs on classroom practices and the overall teacher change process
(Forbes & Davis, 2010; Jones & Carter, 2007; Nespor, 1987; Pajares, 1992; Richardson, 1996; Roehrig, et al,
2007). Richardson (1996) argues that teachers’ beliefs are an important consideration in understanding teacher
behaviors, as well as designing robust teacher education programs that assist teachers in refining their thinking
and practices. A large number of studies show that the beliefs of preservice and inservice teachers strongly
affect both what and how they learn to teach (Adams & Krockover, 1997; Haney, Czerniak, & Lumpe, 1996;
Hashweh, 1996; Lortie, 1975; Luft, 2009; Richardson, 1994; Richardson, 1996; Roehrig & Luft, 2003; Wilson,
Floden, & Ferrini-Mundy, 2002).

To further guide our work on the IMPPACT study, we operationalized reform-based science teaching and
learning according to the central themes of the National Science Education Standards documents (NRC, 1996 &
2000) which promote inquiry-based science teaching and reflect a constructivist orientation to how students
learn science. In particular, the NRC (1996, p. 52) standards call for science teachers to place greater emphasis
on:

¢  Understanding and responding to individual student’s interests, strengths, experiences, and needs;

e Selecting and adapting curriculum;

e  Focusing on student understanding and use of scientific knowledge, ideas, and inquiry processes;

e Guiding students in active and extended scientific inquiries;

e Providing opportunities for scientific discussion and debate among students;

e  Continuously assessing student understanding (and involving students in the process);

e Sharing responsibility for learning with students;

e  Supporting a classroom community with cooperation, shared responsibility, and respect; and

e Working with others to enhance the science program.

The standards for the professional development of science teachers are also explicitly defined by the National
Science Education Standards. Preservice and inservice teacher education programs are expected to provide
professional development experiences for science teachers that include: 1) learning essential science content
through the perspective and methods of inquiry; 2) integrating knowledge of science, learning, pedagogy and
students and applying that knowledge to teaching; 3) building understanding and the ability for lifelong
learning; and 4) coherence and integration of program components (NRC, 1996). Thus, meaningful science
teacher preparation programs should be carried out based on what teachers need to know, care about, and be
able to do to promote meaningful learning for all students (Feiman-Nemser, 2001). We opted to use Feiman-
Nemser’s (2001) central tasks of learning to teach as a guiding framework for examining preservice science
teachers’ evolving beliefs and practices during the IMPPACT study (See Table 1). This framework enabled us
to categorize our findings within various cells contained in the matrix which proved to be helpful in managing
the vast array of data gathered over the course of the IMPPACT study.

Table 1. Central tasks of learning to teach

Continuing Professional

Preservice Induction
Development
1.Examine beliefs critically in relation  1.Learn the context — students, 1.Extend and deepen subject
to vision of good teaching curriculum, school community matter knowledge for teaching
2.Develop subject matter knowledge 2.Design responsive instructional ~ 2.Extend and refine repertoire in
for teaching program curriculum, instruction, and
assessment
3.Develop an understanding of 3.Create a classroom learning 3.Strengthen skills and
learners, learning, and issues of community dispositions to study and improve
diversity teaching
4.Develop a beginning repertoire 4.Enact a beginning repertoire 4.Expand responsibilities and

develop leadership skills
5.Develop the tools and dispositions 5.Develop a professional identity
to study teaching

(Feiman-Nemser, 2001, pg. 1050)
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Research Design

In order to empirically investigate each of the research questions posed in the IMPPACT study, we chose to
utilize a concurrent, mixed methods design (Creswell, 2003). The rationale for this type of design was that it
allowed us to better understand the overall impact of these preservice programs by triangulating both broad
numeric trends from the quantitative data with the rich, in-depth detail provided by the qualitative component of
the study. The quantitative measures in this project provided information concerning patterns and trends in the
pools of data, while the qualitative measures allowed for a careful and detailed analysis of individual teacher,
student, and program outcomes. Multiple, repeated surveys, in-depth interviews, classroom and field
observations, artifact collection, and samples of both teacher and student work provided the bulk of the research
data we needed to systematically and thoroughly answer our research questions.

The project investigators used a combination of random and purposeful sampling techniques to select cohorts of
preservice and inservice science teachers at each university that represented the key stages of the teacher career
continuum. The overall sample consisted of approximately ten randomly selected teachers in each experience
cohort at each research site (40 teachers per university x 3 universities= 120 total science teachers in the overall
study; however we purposely oversampled and had nearly 150 participants complete the study). The specific
stages of the career continuum included: 1) entry into science teacher education; 2) the candidacy stage of
science teacher education programs (including the associated field experiences); 3) the early induction years as a
new science teacher (years 1-4); and 4) the post-induction stage of teaching (years 5+). From this large sample,
a smaller sub-sample consisting of teachers at each University were purposefully chosen in each experience
level cohort to be in-depth participants who were then targeted for additional data collection throughout the
duration of the study. IMPPACT Project researchers also gathered information on preservice program learning
experiences (in both content and pedagogy courses) and the influence they had on science teacher development.
A collection of quantitative and qualitative instruments was used to gather data from all of the various
stakeholders in the IMPPACT study. This study reports on the results gleaned from the specific instruments
discussed in the following sections. A more detailed list of instruments can be found on the IMPPACT Project
website at http://imppact.syr.edu.

e National Survey of Teacher Education Program Graduates (NSTEPG) (Loadman, et al, 1999)—The
NSTEPG survey queried the respondents about their teaching position (if they were currently
teaching), their views of teaching, their career satisfaction and professional development, and asked
them to rate the overall quality of their preservice program experiences. Specific items related to each
of the key preservice program interventions at each research site were added to the survey instrument.

o Reflections on Preservice Program Experiences (RoOPPE) Interview (Tillotson, Penick, & Yager,
2007)—This interview protocol asked participants’ to describe how experiences within their science
teacher preparation program influenced their beliefs and practices. It was developed as an exit-
interview to gain perspective on specific program features, as well as informal learning experiences
that were influential in shaping their instruction. The questions focused on four areas: teacher
education /science education experiences; field experiences/student teaching; school contextual factors;
and general reflections on teaching.

o Beliefs-Nature of Science Interview (BNOS)—Based on the comprehensive Teachers’ Pedagogical
Philosophy Interview (TPPI) (Richardson & Simmons, 1994), this interview protocol asked
participants to describe their evolving beliefs about effective science instruction, their philosophy on
learning and how students learn science, and their views on the nature of science. The interview
consisted of seventeen questions, eight of which deal with beliefs and are used in the current analysis.
The interview was rated using an Interview Map (Luft et al., 2003) rubric using a five-point scale
ranging from “Teacher-focused” to “Student-focused.”

o Reformed Teaching Observational Protocol (RTOP) (Sawada, et al, 2002) — The RTOP instrument
consists of 25 items split evenly among five sections: lesson design & implementation; propositional
content knowledge; procedural content knowledge; communicative interactions; and student/teacher
relationships. The rubric uses a five-point scale where a rating of “0” means the action never occurred
and “4” means it is very descriptive of the classroom. The items on the RTOP instrument are all
designed to reflect the reformed teaching practices identified in the National Science Education
Standards (National Research Council, 1996, 2000).

e SWEPT Student Attitudes Survey (http://www.sweptstudy.org)--A student attitude survey developed by
researchers funded under Columbia University’s four-year National Science Foundation grant studying
Scientific Work Experience Programs for Teachers (SWEPTS) that questions students about their views
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on science. The SWEPT survey includes items that fall in four categories: past experiences with
science, both in and out of school; attitudes about science; views about career opportunities in science;
and, educational levels and professions of parents/guardians.

Findings from the IMPPACT Study

For the purposes of this study, findings related to the first four research questions noted above are presented and
they are discussed using data from five of the instruments that were used during the IMPPACT Project. These
findings are clustered around preservice teacher education program outcomes, science teacher outcomes, and

pupil outcomes.

A. Preservice Teacher Education Program Outcomes

The three university-based preservice teacher education programs selected for the IMPPACT study each
contained a number of unique features, as well as several common features, that made them ideal for this
investigation of the influence of various program interventions on science teachers’ evolving beliefs and
practices. Each university has been assigned a pseudonym based on their geographic location within the United
States (Northeast Private University (NPU), Midwest Public University (MPU), and Southeast Public University
(SPU). Table 2 provides an overview of the key features contained in each of these three preservice science

teacher preparation programs.

Table 2. List of interventions by university

- Reflective Practices
3 5 o -
2 £ 3 5 3| o
= g 3 I g g 58|58
@ 2 S o - &} (@] < B o =
= Q @ e ) = S 5 2 o c S »n
S = 8 o < S = | & 2g | =5
) pra} c c = | 5] L L (=3
= — 3 S o3 S o o w <QE_
P 3 o ol S B 2% | 2
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Two 3- One
credit 3-
SPU hour No 3425 | No No Yes Yes Yes credit No No
courses hour
course
Two 3- Yes One 3-
credit R credit
NPU Yes 540 inl Yes Yes Yes No No No
hour course hour
courses course
Three 3- Yes Two 3- | One | Two 3-
MPU credit Yes 720 in3 Yes Yes Yes credit 5 ; credit Yes
hour Courses hour credit | hour
courses courses | hour courses
course

During the three years of data collection, 148 science teacher graduates of the three programs completed the
NSTEPG survey which asked respondents to rate the overall quality of sixteen preservice program features,
eight of which were site-specific additions to the survey based on the key program features at these particular
IMPPACT universities. The features were rated on a seven point scale where a rating of “1” denoted
“exceptionally weak” and “7” denoted “exceptionally strong” preservice program characteristics as viewed by
the participating teachers. Table 3 shows the mean and median ratings of quality for each of the program
features. The eight IMPPACT-specific program features begin at the top of the table and are italicized. Figure
1 shows the mean rating of the perceived quality of each preservice program feature.
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Table 3. Mean and median ratings of quality of program features

Program Feature Mean Median
Completing the program as a cohort 5.66 +1.249 6.00
Coursework on Nature of Science (NOS) 5.56+1.331 6.00
Coursework on Science-Technology-Society (STS) 4.87 +1.453 5.00
Extensive training in the use of educational technology 4.80 + 1.380 5.00
Action research project 474+ 1.434 5.00
Research-based rationale paper and oral defense 541+1319 6.00
Multiple courses in the methods of teaching science 5.54+1.296 6.00
Diverse field placements 5.34+1.308 6.00
Advice/counseling from faculty advisor 5.28 +£1.443 6.00
Advice/counseling from academic advisor 5.15+1.558 5.50
Supervisor/college coordinator feedback 5.89+£1.126 6.00
Host/Cooperating teacher feedback 6.01 £ 1.280 6.00
Student teaching experience 6.05 £ 1.324 6.00
Instructional resources (i.e. library) 495+1374 5.00
Program major 5.55+1.090 6.00
Field experiences 5.77+£1.179 6.00

Completing Program As A Cohort
Coursework on NOS

Coursework on STS

Extensive Training in Use of Ed. Technology
Action Research Project

Research-Based Rationale & Defense
Multiple Courses in Methods of Teaching
Diverse Field Placements

Advice From Faculty Advisor

Advice From Academic Advisor
Supervisor Feedback

Host Teacher Feedback

Student Teaching Experience
Instructional Resources

Program Major

Field-based Experiences

Figure 1: Mean rating of quality of program features (scale of 1-7)

e The IMPPACT teacher participants rated each of the sixteen program features on the NSTEPG survey
as being greater than “4” indicating they felt that all of these interventions were of high quality.

e When asked to rate the overall quality of their preservice science teacher education program, 58.5% of
the teacher respondents rated the quality as “above average” and 21.1% rated their program quality as
“exceptional.”

e The teacher respondents were asked to report whether they would enroll in a preservice teacher
education program to obtain certification if they had to do it over again, and the vast majority of
respondents (89.7%) reported that they would indeed do so indicating that the preservice program
experience was valuable to them in their overall professional training.

e When asked to consider their knowledge, skills, and abilities as a science teacher as a result of their
preservice preparation, 93.4% of the teacher participants said they would recommend their preservice
teacher education program to others.
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In the final year of the IMPPACT Project, all participants were offered an opportunity to be interviewed using
the RoPPE protocol (Tillotson, Penick, & Yager, 2007). Seventy-two participants agreed to be interviewed and
an analysis of twenty-nine of those interviews is reported on in this paper. Seven of the respondents were from
Southeast Public University, twelve were from Northeast Private University, and ten were from the Midwest
Public University. The IMPPACT teacher participants were interviewed about the key interventions within
their preservice program and how they perceived those experiences influencing their beliefs and teaching
practices. Our data suggest:

At all three universities, the IMPPACT teachers consistently reported that their undergraduate and
graduate science content courses provided poor instructional models of reform-based science teaching
and learning that were of little value in preparing them as science teachers beyond simply
disseminating factual knowledge about the biology, chemistry, physics, and earth science concepts
contained in their science textbooks.

The duration of preservice programs, the number of science methods courses, and completing the
program as a member of a cohort were all interventions that had a profound impact on the science
teacher graduates of these three programs in terms of their pedagogical beliefs and instructional
practices.

Science teacher graduates of programs that featured three sequential science methods courses taken
during a two-year preservice program were more likely to hold reform-based beliefs about science
teaching and learning than graduates of preservice programs that were shorter in duration and had
fewer science methods courses.

Science teacher graduates of preservice programs requiring two years of study and featuring multiple,
sequential science methods courses were more likely to identify the specific learning progressions
associated with each science methods course in helping them design and implement inquiry-based
science lessons.

In contrast, science teacher graduates of preservice programs that were shorter in duration and had
fewer science methods courses often held more teacher-centered pedagogical beliefs and indicated that
their methods course experiences taught them “how to” strategies for organizing instruction with little
attention paid to how these strategies connected to student learning outcomes.

Nearly all of the science teacher participants who completed their preservice program as a member of a
cohort noted that this cohort experience had a positive influence on the development of their beliefs
and classroom practices and that they would have liked an even greater emphasis to have been placed
on this facet of their preservice program. It is important to note that the cohort experience varied
significantly across the three programs with regard to the intentionality of the cohort formation and
how members of each cohort interacted with one another during and after their preservice program.

In preservice programs where the formation of the preservice teacher cohort was merely incidental,
participants discussed how they received “comfort” from one another as they progressed through the
program experiences, yet they rarely described the cohort experience as having any direct influence of
their teacher beliefs or classroom practices.

In the preservice programs where the formation of preservice science teacher cohorts was intentional
and spanned multiple semesters, the IMPPACT participants were more likely to describe how these
shared experiences influenced their beliefs and actions in the classroom because of the diversity of
perspectives and classroom situations experienced by members of the group over time.

Preservice teachers who were members of a peer cohort for two full years during their teacher
education program were far more likely to continue utilizing members of their peer cohort for
professional advice, even following graduation, than graduates of the other programs.

In comparing these three preservice programs there was considerable variability in the overall number
and diversity of field placements, the total number of classroom hours associated with each field
placement experience, and the grade levels to which preservice science teachers were assigned in the
field placements.

While preservice teachers from all three programs indicated that the field experiences were influential
in shaping their beliefs about the “practical” aspects of teaching science, those teachers who graduated
from programs that featured multiple, diverse field placements in classrooms ranging from elementary
through secondary grades were more likely to indicate a readiness to teach on their own, had a greater
awareness of the diversity of students, and had more recognition of how their instructional practices
impacted student learning outcomes.

Science teachers who graduated from preservice programs that featured coherent and cooperative field
placements with host teachers whose instructional practices and pedagogical beliefs were supportive of
the mission of the science teacher education program were more likely to engage in reform-based
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science instruction than graduates of programs where there was a disconnect between the goals of the
preservice program and the beliefs held by cooperating field placement teachers.

e Science teachers who graduated from preservice programs that featured dedicated coursework and
explicit instruction in the nature of science, the applications of science, and Science-Technology-
Society (STS) were more likely to hold pedagogical beliefs and describe classroom practices that
incorporated the nature of science than participants who graduated from preservice programs where
these types of preservice interventions did not occur.

e All three preservice programs contained a number of key interventions designed to promote reflective
thinking practices in beginning science teachers. While the teacher participants from all three sites
described their beliefs about the importance of engaging in reflective practices, few acknowledged
making it a central part of their daily instructional practices and these practices were often viewed as
“extra things” that if done at all, were typically done in an informal manner.

e When asked about the overall influence of their preservice program experiences, the IMPPACT
participants described this influence on their teaching practices in one of two ways, either “piecemeal”
or “integrated.”

o IMPPACT teachers who graduated from preservice programs that were shorter in duration, had fewer
science methods courses, and had fewer field placement experiences generally described their
classroom practices in a “piecemeal” fashion. They typically viewed research-based teaching strategies
as “idealized” and “too theoretical” for beginning science teachers who are often operating in “survival
mode” in the first few years in the classroom.

e IMPPACT teachers who graduated from preservice programs that featured multiple, sequential science
methods courses, who participated in numerous diverse field placements, and who received explicit
coursework in the nature of science, applications of science, and S-T-S, generally described their
classroom practices in a more “integrated” fashion. They typically viewed research-based teaching
strategies as part of effective teaching, considered inquiry and the nature of science to be the
foundation for all science teaching and learning activities, and were more likely to describe the actions
of students, as opposed to only the teacher, in the overall education process.

B. Science Teacher Outcomes

Much of our IMPPACT analysis related to teacher outcomes has explored the beliefs of secondary science
teachers who ranged in experience level from preservice to five or more years of teaching. Twenty-six in-depth
teachers from our study met these criteria - nine from the MPU, nine from NPU, and eight from SPU. These in-
depth teachers completed the Beliefs/Nature of Science (BNOS) interview for all three years of our study. The
beliefs portion of the transcribed interviews were rated using an Interview Map (Luft, et al, 2003) by multiple
raters on a 5-point scale ranging from “teacher-focused” to “student-focused” where 1 = Traditional; 2 =
Instructive; 3 = Transitional; 4 = Responsive; and 5 = Reform-based. The average beliefs scores from the
BNOS instrument across all three years of the study were used for each participant. Belief profiles were created
for all in-depth participants for each year of the study and analyzed for trends over time (Luft & Roehrig 2007).
The following trends emerged:

e A majority of the teachers held instructive beliefs; the second largest group held transitional beliefs.
Over the three years of our study, the overall percentage of teachers who held instructive beliefs
increased, while those holding transitional beliefs decreased indicating a general trend toward more
teacher-centered beliefs and practices when looking at the IMPPACT participants as a whole over time.

e Teachers who held an instructive vision of good teaching focused on providing experiences for students
and tended to maintain a focus on what the teacher did and teacher decisions (Luft & Roehrig, 2007).
When asked to describe their role as a teacher, though many of the IMPPACT teachers use terms such
as “guide,” “facilitator,” or “reference person,” their main focus still revolved around what the teacher
does and how the teacher disseminates information to the students. The instructive vision held by these
teachers included viewing the students as having a deficit with regards to learning and teachers control
the classroom to fill this deficit. All of these teachers also made mention of the importance of a
classroom environment that was “positive and nurturing” and “fun,” but did not mention how the
environment could impact or aid in student learning.

e Teachers who were coded as having an alternating instructive/transitional view of good teaching held
beliefs that included an increased focus on student/teacher relationships, subjective decisions, and
affective responses as typical of a transitional teacher (Luft & Roehrig, 2007). Comments such as
wanting students to “trust” and be “comfortable” were illustrative of these teachers’ foci on the
affective aspect of good teaching. Other views expressed by the teachers were of “welcoming, safe and
supportive” classrooms that allow for the formation of “good relationships” with students. The focus
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of these visions for the classroom environment was creating a space in which students are more at ease
and eager to learn. These teachers frequently mentioned they believed that all students learn differently
and can learn on their own, but also discussed the need for directly instructing students to address what
the teacher felt was most important.

e The teachers who were coded as having a responsive/reform-minded view of good teaching represented
the minority. For these teachers there was more of a focus on collaboration, feedback, or knowledge
development as well as a focus on mediating student knowledge (Luft & Roehrig, 2007). There was a
distinct difference in their view of the need for students to be actively involved in their own learning.
The role of the teacher came across very differently as these teachers talked about the planning and
preparedness necessary to allow students to be engaged in their understanding of science. This
involved the teacher focusing less on controlling what to “give” students and more on planning or
experiencing learning with the students.

e The intersection of teachers’ expressed beliefs about their visions of good teaching and the description
of the enactment of that vision were not always aligned.

e Several of the IMPPACT teachers expressed student-centered beliefs about good teaching consistent
with the national reform agenda, yet their descriptions of how they enact this type of vision were very
teacher-centered in nature.

e Moving from preservice to inservice teaching lead to a restructuring of the participants’ vision of good
teaching. As teachers gained more experience in the classroom their visions about the structure of the
classroom, the role of the teacher, and the role of the student were either modified or rationalized to
account for the instructional decisions made by that teacher.

e The extent to which teacher education programs influence visions of good teaching varied among the
graduates of the three teacher education programs. Comparing the beliefs of good teaching across the
three universities revealed notable differences between the teachers from the three preparation
programs. Of the teacher participants selected for this study, SPU graduates typically held the most
teacher-centered beliefs, followed by NPU graduates with less teacher-centered beliefs and some
student-centered beliefs, and lastly MPU graduates who held mostly student-centered beliefs which
suggests the combination of program features and field experiences with the MPU program were more
effective in preparing reform-based science teachers overall.

C. Secondary Student Outcomes

As part of the IMPPACT study, data were collected from secondary students in classrooms of many of our
participating teachers during the 2008-2009 academic year. In this paper, we will focus on data gathered using
the SWEPT student attitudes survey (www.sweptstudy.org) to explore how gender, parental attitudes toward
school, and student grades influenced attitudes toward “being good at science.” In addition, our team
investigated the relationship between the instruction experienced by secondary students as measured by the
Reformed Teaching Observation Protocol (RTOP) (Sawada, et al, 2002) and their attitudes toward science. The
SWEPT survey results were based on responses from 1,685 grade 7-12 students for whom we had previously
gathered videotapes of lessons taught by their IMPPACT Project science teacher. Our analysis indicated the
following patterns:

e There was a statistically significant, negative relationship between gender and student attitude score (t=
-6.459, p<0.001) indicating that male participants were more likely to have a higher attitude score than
female students and reported greater confidence that they are good at science.

e There was a significant positive relationship between students’ perceptions of their parents attitudes
toward science class and student attitude score (t= 10.5, p<0.001), however, the relationship between
students’ perceptions of their parents’ attitudes toward school and student attitude was not significant.

e When gender is controlled for, students who report that their parents are more supportive also report
more positive attitudes toward being good at science.

e When gender and student perception of parents’ attitudes are held constant, there is a significant
relationship between students’ self-reported grades and their attitude toward being good at science
(F=81.25, p< 0.001).

e There is not a significant relationship between student attitudes toward being good at science and the
degree to which their science teacher exhibits reform-based science teaching practices. However, there
is a significant relationship between student attitudes toward science as useful, careers in science, and
how science affects life and the degree to which the teacher exhibits reform-based science teaching
practices by scoring higher on the RTOP assessment.
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Implications

While this article only provides a glimpse of what was learned from the overall IMPPACT study, there are
several important implications that can be drawn about the role of preservice science teacher preparation
programs in the education reform process. The National Research Council (NRC, 2010) report Preparing
Teachers: Building Evidence for Sound Policy suggests there are two competing premises about how to improve
teacher quality and preparation. The first premise suggests all that is necessary for effective teaching is for one
to be well-educated in their particular content area and that teacher preparation programs are of little value. The
alternative premise is that teachers require coherent and comprehensive preparation experiences that are focused
on the teaching and learning process. In the case of the former, advocates are calling for policymakers to
minimize the requirements necessary to obtain teacher certification while in the latter case, the implication is
that policies should be enacted to require even more stringent requirements to obtain teacher licensure.

The results of our three-year IMPPACT investigation suggest that a university-based science teacher education
program does matter in the preparation of high-quality, reform-based science teachers. More specifically, the
overall coherence, duration, and type of learning interventions within preservice preparation programs can have
a profound influence on the extent to which science teacher education graduates develop reform-based teaching
beliefs and practices. In examining our findings, several key indicators are worth noting. When examining the
visions of good teaching articulated by preservice teachers, we determined teachers’ beliefs to be consistent
within preservice programs rather than between these programs. The ideas expressed in the teachers’ visions of
good teaching consistently sorted the teachers into three main groups which ended up reflecting the teacher
preparation program from which they graduated. Thus, the set of interventions within each program influenced
the preservice science teachers in different ways and resulted in graduates who had varying skill levels and
beliefs systems with regard to reform-based science teaching and learning described in the National Science
Education Standards (NRC, 1996, 2000). Based on our findings and the notable differences between the teacher
graduates of these preparation programs, we suggest that both the structure of experiences and the very nature of
those experiences within the teacher preparation program can influence the types of beliefs and visions of
effective teaching that secondary science teachers develop. Programs structured in a manner that creates strong
coherence between program interventions and coursework, and that integrate reflective practices throughout the
entire preservice experience, can best serve preservice teachers in their efforts to connect theory to practice and
to integrate this knowledge into their classroom practice (Darling-Hammond, 2006). Programs that contain
purposeful interventions such as: 1) a developmental sequence of multiple science methods courses integrated
with multi-grade level field placements; 2) extensive field experiences across diverse settings in classrooms
where the cooperating host teachers promote the instructional practices modeled within the preservice program;
and 3) numerous interventions designed to foster reflective thinking such as writing theory-based rationales for
teaching with an associated oral defense appear to be most promising. Teacher preparation programs structured
with these experiences may provide the coherence and opportunity for reflection necessary to enable teachers to
develop beliefs and understandings of teaching aligned with reform-based science education.

Similarly, preservice science teacher education programs must take an active role in establishing learning
cohorts that provide preservice teachers with a purposeful and supportive group of peers with whom to
collaborate throughout the duration of the program. Our data suggest these informal peer networks provide both
emotional support as well as the opportunity for group collaboration, debate, and peer learning. The cohort
experience can also be instrumental in establishing a professional culture of reflective practice where developing
teachers learn the value of engaging in an ongoing discourse about the effectiveness of various teaching and
learning approaches in a range of classroom contexts.

Given the trend in our data that suggests some preservice teachers regress toward more teacher-centered
practices once they begin full-time teaching, there is a pressing need for university preservice programs and K-
12 schools to form lasting partnerships to better facilitate the transition into the teaching profession. Joint
mentoring programs involving both inservice teachers and university science teacher educators would provide a
more supportive network to assist novice teachers in establishing their instructional agenda. Previous research
has shown that school culture and the classroom context can be particularly challenging for new science
teachers to navigate during the first few years in the profession after leaving the mentored environment of their
preservice program which often results in them reverting to more traditional, didactic instructional methods as
they struggle to manage all of the responsibilities associated with being an inservice teacher.

Our IMPPACT data also suggest that a meaningful preservice program is more than just a collection of a series
of disjointed courses. The teacher education graduates who demonstrated the most reform-based teacher beliefs
and practices were those who described their preservice program as a series of coherent and inter-connected
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learning experiences that built sequentially upon one another. Programs that emphasized the nature of science,
and the application of science to everyday problems in society, and that connected on-campus learning
experienced with a series of field placements in elementary, middle and secondary grade levels produced more
reflective teachers whose teaching was more likely to emulate the types of teaching behaviors advocated for in
the National Science Education Standards (NRC, 1996, 2000). With that said, one area of weakness that must
be addressed is the poor modeling of reform-based science teaching offered by the science content faculty in
each of the three preservice programs we studied. Given the difficulties associated with making sweeping
changes in the reform of undergraduate science teaching, perhaps preservice science teacher education programs
would be wise to develop their own science content courses that stress the application of science concepts
through inquiry-based teaching and learning activities where the instructors actively model research-based
science teaching and learning strategies for future K-12 science teachers.

While our presentation of data related to 7-12 grade student outcomes is rather limited in this paper, the
evidence is clear that science teachers who exhibit more reform-based teaching practices can have a powerful
effect on improving students’ attitudes toward science, their likelihood of considering a career in science, and
how they envision science influencing their everyday life. This is in stark contrast to science classroom where
teachers rely on a dissemination model of teaching with an emphasis placed on memorizing factual information
that results in students seeing few connections between science and their everyday life. As the need for a highly
technical workforce increases (NRC, 2010), it becomes more imperative for secondary science teachers to
exhibit reform-based science teaching practices that will help promote the importance of lifelong science
learning with secondary students and hopefully encourage them to enter STEM careers.

Conclusion

Using an innovative research design and a comprehensive, layered data analysis approach, IMPPACT
researchers are striving to better understand the role that formal and informal science teacher education program
experiences—in both subject matter courses and pedagogy courses—play in shaping science teachers’ beliefs
and practices at various stages of professional development along the teacher continuum. This information can
be used to make informed decisions concerning effective strategies for recruiting, preparing, and supporting
science teachers based on their changing professional development needs as they progress through preservice
programs and into full-time teaching.

We offer the following ideas for improving science teacher education:
Stressing the nature of science and how it affects daily living, problem resolutions, and continuing active
involvement.

e  Stressing the meaning of STEM education efforts- beyond the individual four disciplines.

e Science teachers must learn to practice science and use it as a basis for teaching, i.e., start with student
questions, their proposed answers, means of collecting evidence to support ideas, and sharing the
results of the whole process with others.

e Preparation of exemplary science teachers is a collaborative enterprise and continues throughout a
lifetime.

The National Science Foundation (1996) makes recommendations for its own funding priorities in the Shaping
the Future report including giving “more priority to implementation, particularly K-12 teacher preparation
programs, faculty enhancement, and institutional reform, without diminishing support of innovative ideas and
individual faculty curricular and pedagogical improvements” (p. 5). The complex issues surrounding effective
pedagogical and content knowledge preparation for teachers is perhaps best summarized by Ball (2000) who
writes, “Three problems stand out, problems that we must solve if we are to meet this challenge to prepare
teachers who not only know content but can make use of it to help all students learn. The first problem concerns
identifying the content knowledge that matters for teaching, the second regards understanding how such
knowledge needs to be held, and the third centers on what it takes to learn to use such knowledge in practice” (p.
244). Since learning to teach is a continuum of programs and professional experiences (Bransford, Brown, &
Cocking, 1999; National Research Council, 2000, Wilson, et al., 2001), one of the most important opportunities
for teachers to engage in learning to teach is through continuing professional development. The IMPPACT
study has examined the role and influences of teachers’ initial professional development experiences, those
associated with preservice preparation, on their subsequent practice. Feiman-Nemser (2001, p. 1049) argues
that, “the need for a continuum of serious and sustained professional learning opportunities for teachers is clear.
The task of building such a system is daunting. Yet there has never been a better time to tackle the problem.”
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