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ABSTRACT
This dissertation used a combination of case study and phenomenological research
methods to investigate how individual teachers of middle school science in the Alabama Math,
Science, and Technology Initiative (AMSTI) program sustain their use of inquiry-based methods
of teaching and learning. While the overall context for the cases was the AMSTI program, each
of the four teacher participants in this study had a unique, individual context as well. The
researcher collected data through a series of interviews, multiple-day observations, and curricular
materials. The interview data was analyzed to develop a textural, structural, and composite
description of the phenomenon. The Reformed Teaching Observation Protocol (RTOP) was used
along with the Assesing Inquiry Potential (AIP) questionnaire to determine the level of inquirybased instruction occuring in the participants classrooms.
Analysis of the RTOP data and AIP data indicated all of the participants utilized inquirybased methods in their classrooms during their observed lessons. The AIP data also indicated the
level of inquiry in the AMSTI curricular materials utilized by the participants during the
observations was structured inquiry. The findings from the interview data suggested the ability of
the participants to sustain their use of structured inquiry was influenced by their experiences
with, beliefs about, and understandings of inquiry. This study contributed to the literature by
supporting existing studies regarding the influence of teachers’ experiences, beliefs, and
understandings of inquiry on their classroom practices. The inquiry approach stressed in current
reforms in science education targets content knowledge, skills, and processes needed in a future
scientifically literate citizenry.
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CHAPTER 1
INTRODUCTION
Chapter Introduction
Recent reform efforts of science education in the United States have focused on the move
from traditional, teacher-centered, direct instruction methods to more innovative, studentcentered, inquiry-based teaching and learning methods (Anderson, 2002; Blanchard,
Southerland, & Granger, 2009; Chiappetta, 1997; Crawford, 2000; Gibson & Chase, 2002; Jones
& Eick, 2007a; King, Shumow, & Lietz, 2001; Luft, 2001). The National Science Education
Standards developed in 1996 by the National Research Council (NRC) have led the push for this
type of reform by promoting inquiry as a part of science learning. Perhaps the most thorough
definition of inquiry comes from the National Science Education Standards. According to these
standards,
scientific inquiry refers to the diverse ways in which scientists study the natural world
and propose explanations based on the evidence derived from their work. Inquiry also
refers to the activities of students in which they develop knowledge and understanding
of scientific ideas, as well as an understanding of how scientists study the natural world.
Inquiry is a multifaceted activity that involves 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.
Inquiry requires identification of assumptions, use of critical and logical thinking, and
consideration of alternative explanations (NRC, 1996, p. 23).
The National Science Education Standards noted inquiry is required if students are to learn the
skills and processes associated with science and develop an understanding of scientific concepts.
The inquiry approach stressed in current reforms in science education targets content knowledge,
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skills, and processes needed in a future scientifically literate citizenry (Keys & Bryan, 2001). In
their publication, Science for All Americans (1990), the American Association for the
Advancement of Science (AAAS) indicated there are many facets to science literacy, including a
familiarity with the natural world; an awareness of the way science, mathematics, and
technology interact; an understanding of the big ideas in science; a capacity for scientific
thinking; and an ability to use scientific knowledge for personal and social benefit. The
Benchmarks for Science Literacy (AAAS, 1993), discussed the importance of inquiry as a major
component for achieving science literacy. Based on repeated assessment of student achievement
in science and science literacy, it appears these documents promoting reform in science
education have had limited impact on students in the United States.
In April of 2011, the National Center for Education Statistics (NCES) published its
Nation’s Report Card, detailing the results of the 2009 National Assessment of Educational
Progress (NAEP) in science. According to this report, only 34% of fourth-graders, 30% of
eighth-graders, and 21% of twelfth-graders in the United States performed at or above the
“proficient” level in science in 2009. The proficient level “represents solid academic
performance for the given grade level” in which students demonstrate “competency over
challenging subject matter, including subject-matter knowledge, application of such knowledge
to real world situations, and analytical skills appropriate to subject matter” (NCES, 2011, p. 6).
Results from the NAEP 2011 science assessment, published in April of 2012, showed the
percentage of eighth-graders scoring at or above proficient increased slightly to 32% (NCES,
2012a). In both the NAEP 2009 and NAEP 2011 science assessment, male students scored
higher on average than female students. (NCES 2011, NCES 2012a). A review of recent data
from ACT’s (formerly American College Testing) college entrance exam shows achievement
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and literacy issues in science persist in the United States. Nationally in 2010, only 29% of
students who took the ACT were deemed to be “college ready” in science. Disaggregating this
data showed only 6% of African Americans, 14% of Hispanics, and 36% of Caucasians tested
“college ready” in science. The ACT defines “college readiness” in science as meeting the
benchmark score of 24 on the science portion of the ACT. This benchmark reflects a level of
preparation needed for students to have “a 50 percent chance of achieving a grade of B or higher,
or at least a 75 percent chance of a grade of C or higher” in an entry-level credit-bearing college
Biology course (American College Testing, 2010, p. 23). In 2011, the percentage of students
deemed “college ready” in science increased slightly to 30%, with only 6% of African
Americans, 15% of Hispanics, and 37% of Caucasians meeting the science benchmark
(American College Testing, 2011). In addition to this low level of proficiency in science, Kuenzi
(2008) noted during the 2002-2003 school year, of the more than 2.5 million degrees awarded by
postsecondary institutions in the United States, less than 16% of those were awarded in science,
technology, engineering, or mathematics (STEM) fields. Because of these statistics, the author
stated, “there is a growing concern that the United States is not preparing a sufficient number of
students in the area of STEM” (p. 1). A 2011 report released by the Center on Education and the
Workforce at Georgetown University noted of all the students who enter college and obtain a
Bachelor’s degree, only 19% of those are in a STEM field. Only 10% of those STEM majors
enter the workforce in a STEM career after college, and only 8% of those remain in STEM
careers after 10 years. The same report projected there will be a steady growth in STEM jobs
through 2018, with the majority requiring some postsecondary education (Carnevale, Smith, &
Melton, 2011).
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In spite of the researched benefits of inquiry-based methods of teaching and learning in
science classrooms (Blanchard, et al., 2010; Chang & Mao, 1998; Geier, et al., 2008; Gibson,
1998; Hofstein, Shore, & Kipnis, 2004; Marx, et al., 2004; Minner, Levy, & Century, 2010;
Roehrig & Garrow, 2007; Wolf & Fraser, 2008), reform efforts to implement and sustain
inquiry-based methods as common classroom practice have had limited success (Larkin,
Seyforth, & Lasky, 2009; Lotter, Harwood, & Bonner, 2007; Martin, et al., 2008; Wells, 1995).
The following section provides a brief discussion of the history of science education reform in
the United States, as well as a brief introduction to inquiry-based instruction. These areas are
discussed more thoroughly in chapter 2 of this study.

Background
Science education reform. According to Cuban (1993), there have been three national
attempts to bring about reform in U.S. classrooms over the last one hundred years. Cuban noted
both the first movement, occurring around the turn of the twentieth century and the second
movement, taking place from the mid-1960s to the early 1970s, aimed to break the hold of
teacher-centered instruction from the classroom. The third movement, from the 1980s, actually
strengthened the use of teacher-centered instruction. According to Bartholomew, Osborne, and
Ratcliffe (2004), in teacher-centered classrooms, the teacher is the decision maker and dispenser
of knowledge through direct instruction. Often, the activities are contrived and inauthentic, and
the discourse in the classroom is merely a question and answer session. The current standardsbased reform movement in science education, driven by the application of the National Science
Education Standards (National Research Council, 1996) and A Framework for K-12 Science
Education (National Research Council, 2012a) has revived historical ideas of student-centered
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teaching methods. In student-centered classrooms, the students are the decision makers, while
the teacher acts as a facilitator of the learning process (Bartholomew, Osborne, & Ratcliffe,
2004). Inquiry-based methods of teaching and learning are student-centered, and in these
classrooms the learning focus is to improve not only student content knowledge, but also their
higher order thinking skills and attitudes about science. This focus is enacted as students
construct their own knowledge through authentic activities, while learning the content in a
relevant context. The discourse in an inquiry-based classroom should be a true discussion
between the teacher and the students, and among the students themselves (Anderson, 2002;
Lotter, Harwood, & Bonner, 2007). This paradigm shift from an instruction paradigm, where
instruction is delivered by the teacher, to a learning paradigm, where learning is produced by the
student, occurred because the instruction paradigm lost its capacity to “generate a positive vision
of the future” (Barr & Tagg, 1995, p. 25).

Implementing reform. The term “implementation” refers to the “actual use of an
innovation or what an innovation consists of in practice” (Fullan & Pomfret, 1977, p. 336).
Innovations or reforms in schools are very complex, require hard work, involve a large amount
of time and effort, and are connected to all facets of teaching and learning (Anderson, 1995).
Before schools or systems begin to undertake reform efforts, like moving from teacher-centered
instruction to student-centered instruction through the implementation of inquiry-based practices,
administrators (including state, district, and school level), teachers, students, and parents alike
need to be aware of the barriers to change. These barriers can be classified into three groups:
technical, political, and cultural (Anderson, 1996; Johnson, 2007). Technical barriers include
insufficient training experiences, both in quality and quantity, and time for planning and
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collaboration with others. Political barriers include lack of support and leadership and lack of
resources at the school, district, or even state level. Cultural barriers include stakeholder beliefs
and values about teaching and learning. Of all these barriers, beliefs are “a key factor in whether
or not instructional practices will be changed, and how they will be implemented and sustained”
(Johnson, 2007, p. 176).

Sustaining reform. The literature on science education reform has numerous examples
of innovative curricular designs being implemented and materials related to inquiry, along with
efforts to reform teacher education in the area of inquiry (Lotter, Harwood, & Bonner, 2007;
Martin, et al., 2008; Wells, 1995). The literature also provides factors that influence the
sustaining of reform in general. According to Florian (2000), sustained educational reform is the
“continuation of classroom practices or other activities that have been implemented during the
reform program’s existence, and the decisions, actions, and policies by school and district leaders
that support that continuation” (p. 9). Factors that contribute to sustained reform in education
include:
(a) methods or practices that teachers experienced as effective in accomplishing school
goals;
(b) school principals who effectively promoted, supported, and managed change;
(c) political support for new practices from district and, if possible, state levels;
(d) continual, high-quality professional development and/or assistance for staff; and
(e) active recruitment for highly qualified faculty (Florian, 2000, p. 10).
The literature further suggests in general, reforms are more likely to be implemented and
continued when they are large in scale; teachers are involved with making decisions from the
beginning; reform design and structure are aligned to school organization; and school leadership,
staff, and community support are continuous (Berman & McLaughlin, 1977 & 1978; Hargreaves
& Fink, 2000; Yonezawa & Stringfield, 2000). What is missing from the literature, however, is if
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or how educational reforms, like moving from teacher-centered to student-centered methods
through the implementation of inquiry-based instruction, are sustained in science classrooms
over time (Florian, 2000; Larkin, Seyforth, & Lasky, 2009).

Inquiry-based methods of teaching and learning. The use of inquiry-based methods of
teaching and learning is rooted in the cognitive constructivist theory of learning. Jean Piaget
launched the theory now known as constructivism by taking the notion of adaptation in
biological sciences and applying it to knowledge. In Piaget’s view, knowledge became a
“mapping of actions and conceptual operations” that were practical in the “knowing experience”
of the subject (von Glaserfeld, 1996, p. 4). According to Duffy and Cunningham (1996), the
general goals of constructivism support (a) an active learning process that constructs knowledge
and (b) instruction that supports that construction of knowledge. There are numerous practices
used by teachers demonstrating the constructivist learning model described by Yager (2000),
including promoting student leadership and collaboration, using student experiences to drive
lessons, and seeking out student ideas before presenting teacher ideas. These ideas about
constructivism can be linked to the National Science Education Standards suggestions that
inquiry includes,
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 experimental evidence; using tools to gather, analyze, and
interpret data; proposing answers, explanations, and predictions; and communicating the
results (NRC, 1996, p. 23).
Depending upon the degree of input from the students, inquiry instruction takes on different
levels, according to Colburn (2000). When the teacher provides the problem, procedure, and
materials, but the students analyze the data to solve the problem, the inquiry is “structured”.
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When the teacher provides the problem, but the students develop their own procedures to solve
the problem, the inquiry is “guided”. When students devise their own problem and procedures,
the inquiry is “open”. As noted by the NRC: “Inquiry in the classroom can take many
forms…the form that inquiry takes depends largely on the educational goals for students, and
because these goals are diverse, highly structured and more open-ended inquiries both have their
place in science classrooms” (2000, pp. 10-11).

Benefits of implementing and sustaining inquiry. These multiple definitions of
inquiry often make it difficult to apply the tenets of inquiry into science teacher practice
(Abrams, Southerland, & Evans, 2008). While this difficulty in defining inquiry, along with the
previously discussed perceived barriers, can discourage science teachers from implementing
inquiry-based methods, research shows when they move beyond these barriers, there are many
benefits to the inquiry strategy. In 2007, Roehrig and Garrow investigated the impact of an
inquiry-based curriculum on urban chemistry student achievement. The authors concluded the
more reformed the teacher’s practice, the higher the students’ average test scores at the end of an
inquiry-based unit. Studies by Chang and Mao (1998) and Geier, et al. (2008) noted similar
results in middle school students’ achievement in science. In 2010, Blanchard, et al. concluded
middle school and high school students who participated in guided-inquiry classrooms had
significantly higher scores and growth on a post-test as compared to a pre-test on science
concepts, science procedures, and the nature of science. Marx, et al. (2004) found an inquirybased curriculum helped students in an underperforming school learn important science content
in the National Science Education Standards.
In a different study, Wolf and Fraser (2008) determined the use of inquiry-based
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laboratory activities improved the attitudes of male middle school students. Similarly, Gibson
(1998) found students participating in an inquiry-based summer science exploration program had
a more positive attitude toward science and science-related careers than did students participating
in non-inquiry based programs. Hofstein, Shore, and Kipnis (2004) concluded that when
chemistry students participated in inquiry-based experiments, they improved their ability to ask
scientific questions. These same students increased their ability to design multi-variable
experiments. In a review of research on inquiry-based teaching from 1984 to 2002, Minner,
Levy, and Century (2010) determined the majority of the studies showed positive impacts on
content learning and retention when some form of inquiry-based instruction was implemented.
According to the 2011 NAEP results, when students are involved in hands-on activities or
investigations more often, their achievement scores improve (NCES, 2012a, p. 10).
In addition to these positive outcomes for students, the use of inquiry-based methods in
science classrooms connects to the improvement of science literacy for all students. According to
the AAAS (1993), inquiry is a major component for science literacy achievement. Having
scientific literacy is important because as students leave school and begin to weigh in on public
issues, they will need a background in science, which allows them to make informed decisions
(Hazen & Trefil, 2009). The need for scientific literacy is increasing in the U.S., because more
jobs are demanding employees that can “learn, reason, think creatively, make decisions, and
solve problems” (NRC, 1996, p.1).

Problem of the Study
Since the current standards-based reform movement in science education began in 1996
with the publication of the National Science Education Standards, students in the United Stated
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have demonstrated low levels of proficiency on national and international assessments of
science. These proficiency numbers decrease as students move from elementary to middle school
and from middle to high school (Martin, et al., 2000, 2004, & 2008; NCES, 1999, 2003, 2006,
2011, 2012a, & 2012b). In addition, there are an insufficient number of students in the United
States studying STEM fields in college, or making a career in STEM fields (Carnevale, Smith,
& Melton, 2011; Kuenzi, 2008). Reform documents like the National Science Education
Standards and A Framework for K-12 Science Education have promoted making inquiry-based
methods a common classroom practice. However, in spite of the numerous benefits of inquiry,
the efforts of teacher educators, and the accessibility to materials, professional development, and
inquiry-based curricula, science teachers in the United States continue to use traditional methods
of teaching in their classrooms (Larkin, Seyforth, & Laskey, 2009; Lotter, Harwood, & Bonner,
2007; Martin, et al., 2008; Wells, 1995). The problem of this study, therefore, was to investigate
how teachers who have implemented inquiry-based methods into their middle school science
teaching practice were able to sustain those methods over time.

Rationale and Significance of the Study
While an abundance of research exists regarding the implementation of reform in science
education, and the benefits of inquiry-based practices in science education, there is little
literature available on the sustainability of reform in science educatiom, specifically the use of
inquiry (Florian, 2000; Larkin, Seyforth, & Laskey, 2009). This study added to the existing
literature examining the sustainability of reformed practices, like inquiry, in K-12 science
classrooms and the features that influence teachers’ abilities to sustain these practices over time.

10

Purpose and Research Questions
The purpose of this research study was to investigate middle school science teachers’
ongoing use of inquiry-based methods of teaching and learning in their classrooms through their
participation in the Alabama Math, Science, and Technology Initiative (AMSTI). Based on this
purpose, the research questions for this study were:
(1) What level of inquiry do individual middle school science teachers in the AMSTI
program utilize in their classrooms?
(2) How do individual middle school science teachers’ experiences with inquiry
influence their ability to sustain inquiry-based methods in their classrooms?
(3) How do individual middle school science teachers’ beliefs about inquiry influence
their ability to sustain inquiry-based methods in their classrooms?
(4) How do individual middle school science teachers’ understandings of inquiry
influence their ability to sustain inquiry-based methods in their classrooms?

Overview of Research Design and Methodology
The researcher used qualitative methods of data collection and analysis for this study. As
suggested by Corbin and Strauss (2008), qualitative research “allows researchers to get at the
inner experience of participants, to determine how meanings are formed through and in culture,
and to discover rather than test variables” (p. 12). Of the five qualitative approaches to inquiry
introduced by Creswell (2007), the research utilized a combination of the case study method and
the phenomenological study method. Case studies are useful when the researcher is able to
organize cases with boundaries and wishes to present an in-depth understanding of the cases. He
noted a case study explores a bounded system over time through multiple sources of information
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and reports case-based themes. For this study, the overall context was the AMSTI program. In
addition, phenomenological research allows the researcher to “describe the meaning for
individuals of their lived experiences of a phenomenon” (Creswell, 2007, p. 57). In
phenomenology, the researcher identifies a phenomenon with which study participants have had
experience, then collects data to develop a description of the real meaning of the experience
including the “what” and “how” for all of the participants (Creswell, 2007, p. 58). For this
research study, the phenomenon was the participants’ continued use of inquiry-based methods of
teaching and learning beyond the implementation phase into the sustaining phase.
To select the cases for this collective study, a sample of teachers was chosen from all
sixth, seventh, and eighth grade science teachers in the AMSTI program who volunteered to
complete a demographic survey and a Stages of Concern (SoC) questionnaire in the fall of the
2011-2012 school year. Once the participants were selected based upon their scores on the SoC,
qualitative data was collected from four participants through (1) a series of phenomenological
interviews, (2) classroom observations, and (3) documents from the AMSTI program’s curricular
materials. The researcher analyzed the interview data using a simplified version of the StevickColaizzi-Keen method described by Creswell (2007, p. 159). The researcher utilized the
Reformed Teaching Observation Protocol (Piburn, et al., 2000) during the classroom
observations, and the Assessing Inquiry Potential questionnaire (Sunal, 2009) with the curricular
materials. In an effort to increase the credibility of the findings, the researcher utilized a second
observer during observations; provided interview transcripts to participants for member
checking; triangulated the findings through multiple interviews with multiple participants;
provided a detailed discussion of her personal experiences with implementing and sustaining
inquiry-based method; and included rich and thick descriptions of the setting and findings
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through classroom observations, analysis of curricular materials, and quotes from participant
interviews, as suggested by Creswell (2007), Merriam (2009), and Patton (2002).

Assumptions
The research study was conducted based upon the following assumptions: (1) the
teachers’ participation in the study was voluntary; (2) the participants responded truthfully to all
survey, questionnaire, and interview questions; and (3) the privacy and confidentiality of the
participating teachers was protected during the study and during the presentation of the study’s
findings.

Limitations
The research study was conducted based upon the following limitations: (1) only teachers
participating in the AMSTI program were considered for the study; (2) of the teachers
participating in the AMSTI program, only middle school teachers were selected for the study; (3)
not all middle school AMSTI teachers who received the initial demographic survey and SoC
questionnaire returned it, which limited the participant pool; and (4) currently, there is not
another statewide program comparable to the AMSTI program in the United States.

Definitions
(1) Alabama Math, Science, and Technology Initiative (AMSTI) is a statewide program
providing the context for this study. Chapter 3 of this study provides an in-depth
discussion of the AMSTI program.

13

(2) Direct instruction refers to instruction “in which the goals, the materials, the
examples, the explanations, and the pace of instruction are all teacher controlled”
(Klahr & Nigam, 2004, p. 662).
(3) Educational reform refers to a change or innovation in education. There are five main
streams of educational reform: subject matter teaching; equity issues among diverse
student populations; student assessment; social organization of schooling; and
professionalization of teaching (Little, 1993). The focus of this study was reform of
subject matter teaching, which includes changes in standards, curriculum, and/or
pedagogy.
(4) Implementing is the “actual use of an innovation or what an innovation consists of in
practice” (Fullan & Pomfret, 1977, p. 336). This phase of reform typically occurs
during the first two or three years of use and “involves the first experiences of
attempting to put an idea or reform into practice” (Fullan, 2007, p. 65).
(5) Inquiry can fit into at least three categories: the work of scientists, active learning
from students, or a pedagogical approach for teachers (Minner, Levy, & Century,
2010). For this study, the researcher focused primarily on the pedagogical aspect of
inquiry based upon the five essential features of classroom inquiry provided by the
NRC (2000, p. 25):






Learners are engaged by scientifically oriented questions;
Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions;
Learners formulate explanations from evidence to address scientifically
oriented questions;
Learners evaluate their explanations in light of alternative explanations,
particularly those reflecting scientific understanding; and
Learners communicate and justify their proposed explanations.
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The level of inquiry for each of these features can vary, depending upon the degree of
student self-direction and of teacher or material direction. These levels of inquiry,
according to Sunal, Sunal, Sundberg, and Wright (2008) include confirmation,
structured, guided, or open inquiry.
(6) Middle School refers to grades six, seven, and eight for the purposes of this study.
The researcher chose these grade levels because of the large pool of potential
participants in the AMSTI program (approximately 800 teachers statewide).
(7) Sustaining is the “continuation of classroom practices…that have been implemented
during the reform program’s existence” (Florian, 2000, p.9), or the “continuation,
incorporation, routinization, or institutionalization” phase of reform (Fullan, 2007, p.
65).
(8) Traditional methods of instruction are typically teacher-centered classrooms, where
the teacher is the decision maker and dispenser of knowledge (Bartholomew,
Osborne, & Ratcliffe, 2004). Information is delivered in these methods of instruction,
unlike student-centered methods, where knowledge is produced (Barr & Tagg, 1995).

Study Overview
This chapter provided an introduction to the research study. The following chapter
provides an in-depth review of key literature related to this study. The methodology used in this
study is discussed in detail chapter 3, and the data collected during this research study is
presented and analyzed in chapters 4 and 5. A summary of the study, along with implications and
recommendations for future research are discussed in chapter 6.
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CHAPTER 2
REVIEW OF THE LITERATURE
Chapter Introduction
This chapter reviews the literature applicable to inquiry-based methods of teaching and
learning. The organization of this literature review is as follows: (1) reform efforts in science
education; (2) inquiry-based methods as reform in science education; (3) benefits of inquirybased methods; (4) factors affecting the implementation of educational reform in science; (5)
factors influencing the sustaining of educational reform; (6) middle school science classrooms;
and (7) methods and instruments used to study educational issues.

Reform Efforts in Science Education
Recent research-based reform movements in science education in the United States like
inquiry-based methods; problem-based learning; Science, Technology, and Society (STS);
integrated science curricula; equity issues; and standards-based reform have roots in the U.S.
reform movements of the early 1900s. The progressive era in U.S. education began in 1917 and
favored “content that had greater social relevance and methods that would give students the tools
to solve problems in their everyday worlds” (DeBoer, 1991, p. 85). In the 1980s, the STS
movement set forth a goal of developing “scientifically literate individuals who understand how
science, technology, and society influence one another and who are able to make use of this
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knowledge in their everyday decision making” (Yager, 1990, p. 198). In addition, the Biological
Sciences Curriculum Study group said the use of integrated science curricula, which gained
popularity in the early 1990s, “may better prepare students to think comprehensively about an
increasingly complex world” (2000, p. 10). Similarly, the tenets of the problem-based learning
movement are based on the 1938 work of John Dewey (Wong & Day, 2009), who thought
science should be taught by using problems relevant to students.
One contemporary concern in science education reform relates to equity issues in science
education. When referring to “equity” in science education, many concerns come to mind:
gender differences, sexual orientation, socioeconomic status (SES), cultural/ethnical differences,
English Language Learners, gifted students, and students with learning disabilities. Through her
research on science education reform, Lynch (2000) proposed the following working definition
of equity: (1) “equality of outputs”, like achievement of high standards such as the National
Science Education Standards by all students; (2) “equality of inputs”, or the idea of a “level
playing field”; and (3) “equity of fairness and tradeoffs”, allowing for thoughtful negotiation and
decision making (p. 13). In a 2001 study, Lynch noted reforms “failed to respond adequately to
the diversity of the student population” (p. 623). Since the passage of the No Child Left Behind
Act (NCLB) in 2002, states have been required to report student achievement results by
subgroups of ethnicity, special education, English-Language Learners, and economically
disadvantaged to show equity. According to Fusarelli (2004), NCLB “establishes a
comprehensive framework of standards, testing, and accountability absent in previous federal
legislation, and in the process, it removes some discretion from local education authorities in
determining what the goals and outcomes of education should be” (p.72). This idea of
comprehensive standards is another contemporary concern in science education reform.
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According to DeBoer (2006), the idea of a science standards movement in the U.S.
originated from the work of the Committee of Ten in the 1890s, who proposed a common
curriculum for all students, regardless of their plans to attend college or enter the workforce. The
National Commission on Excellence in Education’s (NCEE) 1983 report, A Nation at Risk was
in part the impetus for this revival of common core standards. The NCEE recommended students
in science should be introduced to not only the concepts of science but also the methods of
reasoning and scientific inquiry, the applications of science to everyday life, and the implications
of scientific development (NCEE, 1983). The publication of Science for All Americans (AAAS,
1990) and the Benchmarks for Science Literacy (AAAS, 1993) influenced the creation of the
National Science Education Standards (NRC, 1996), which were written in response to a call
from the federal government to develop content standards in science and the four other discipline
areas. DeBoer (2006) noted, according to the NRC, the “science education standards provide
criteria to judge progress toward a national vision of learning and teaching science” (p. 24).
Even though the idea of holding schools accountable for their students’ achievement
through assessment of standards began in the early 1980s, accountability was not the main
purpose of the National Science Edcuation Standards. With the passage of NCLB in 2002,
however, the standards-based accountability movement became part of a federal law (DeBoer,
2006). This standards-based movement most recently focused on the Common Core State
Standards Initiative in the U.S., in part due to a report published by the American Diploma
Project (ADP) in 2004. This report noted many American students graduate high school without
the knowledge and skills needed to succeed in college or the workforce because:
(1) most high school graduates need remedial help in college;
(2) most college students never attain a degree;
(3) most employers say high school graduates lack basic skills; and
(4) most workers question the preparation that high schools provide (ADP, 2004, p.3).
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Both the National Governors Association and the Council of State School Officers sponsored the
Common Core State Standards Initiative, which led to the development of “common” standards
in English/Language Arts, Mathematics, and Science. In science, a committee of educators and
scientists first developed a document called A Framework for K-12 Science Education:
Practices, Crosscutting Concepts, and Core Ideas (NRC, 2012a). This conceptual framework,
based upon the National Science Education Standards (NRC, 1996) and the Benchmarks for
Science Literacy (AAAS, 1990), was:
…designed to help realize a vision for education in the sciences and engineering in which
students, over multiple years of school, actively engage in science and engineering
practices and apply crosscutting concepts to deepen their understanding of the core ideas
in these fields. The learning experiences provided for students should engage them with
fundamental questions about the world and with how scientists have investigated and
found answers to these questions (NRC, 2012a, pp. 8–9).
This Framework was then used to develop “common” science standards called the Next
Generation Science Standards. The crosscutting concepts in both documents included “patterns,
similarity, and diversity; cause and effect; scale, proportion, and quantity; systems and system
models; energy and matter; structure and function; and stability and change”. Four domains,
including “the physical sciences; the life sciences; the earth and space sciences; and engineering,
technology, and applications of science” provided the disciplinary core ideas (NRC, 2012b,
Disciplinary Core Ideas section, para. 3). At the time of this study, the Next Generation Science
Standards were still in draft form.

Inquiry-Based Methods as Reform in Science Education
The current reform effort focused on the move from traditional to inquiry-based teaching
and learning methods lies at the heart of this research study. As previously noted, the National
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Science Education Standards (NRC, 1996) have promoted this reform initiative through the use
of inquiry as the preferred pedagogical approach to science teaching and learning. Historically,
the premise of inquiry-based science instruction can be linked to the ideas of Alexander Smith
and Edwin Hall, who both supported the use of laboratory instruction in science for guided
discovery or inquiry in 1902. In addition, the use of inquiry-based methods of teaching and
learning is rooted in the cognitive constructivist theory of learning. According to Cakir (2008),
the three most influential cognitive theorists who helped develop an understanding of human
learning are Jean Piaget, David Ausubel, and Lev Vygotsky.

Constructivism. Piaget’s ideas on applying the concept of adaptation in biology to
knowledge construction helped formalize the theory now known as constructivism. In von
Glasersfeld’s 1988 and 1996 works, he remarked that for Piaget knowledge arises from
interaction with one’s environment including social interactions with other cognizant beings.
Vygotsky emphasized the “socio-cultural” context of learning, which includes both the context
of learning and how it influences learning (Huang, 2002). Ausubel observed when new
information is knowingly related to a student’s existing knowledge, meaningful learning occurs
(Bretz, 2001). According to Lorsbach and Tobin (1992), constructivism asserts:
Knowledge resides in individuals; that knowledge cannot be transferred intact from the
head of a teacher to the heads of students. The student tries to make sense of what is
taught by trying to fit it with his/her experience (p. 1).
Current ideas about constructivism can be placed into three basic tenets: “(1) learners construct
their own unique representations of knowledge; (2) learners make sense of new information by
relating it to their prior knowledge; and (3) sometimes new learning results in the restructuring of
existing prior knowledge” (Good & Brophy, 2008, p. 337). In other words, students must be

20

active participants in the construction of their knowledge while making connections to their
experiences and existing knowledge in order to change their understandings conceptually. The
authors commented that various constructivist processes of teaching and learning emphasize
inquiry methods. These ideas of cognitive constructivism influence teachers' content and
pedagogical knowledge and beliefs about inquiry (von Glasersfeld, 1988). To be considered
constructivist, lessons must address four important components: (1) elicitation of prior
knowledge; (2) creation of cognitive dissonance; (3) utilization of knowledge with feedback; and
(4) reflection on learning. Inquiry-based methods of teaching and learning are strongly
constructivist (Baviskar, et al., 2009).

The history of inquiry in science education. In the introduction to his 2005 essay,
Rudolph eloquently noted, “few things in science education are as popular these days as inquiry”
(p. 803). Most inquiry models are based on the classic examples of John Dewey, which included
engaging students with questions, gathering ideas about their predicted answers to the questions,
and then scaffolding an exploration of their ideas to form speculative conclusions (Good &
Brophy, 2008). Dewey’s ideas were very popular with educators, but were not sustained during
the early 1900s (Abrams, Southerland, & Evans, 2008; DeBoer, 1991). By the end of World War
II, the idea of inquiry-based teaching and learning returned to the forefront of educational reform
efforts, thanks in part to the launch of Sputnik in 1957. While the launch of Sputnik provided the
public support for federal funding of science and mathematics, curriculum writers of the 1960s
were influenced by the work of Jerome Bruner and Joseph Schwab (Gabel, 2006; Rudolph,
2005). Bruner believed learning the structure of a science discipline required “the modes of
inquiry and the attitudes of scientific investigation” (DeBoer, 1991, p. 160). Schwab believed
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learning science required following the processes scientists used: “asking questions, collecting
data, and constructing explanations” (Abrams, et al., 2008, p. xiv). While inquiry-based curricula
were developed during the 1960s and 1970s, the idea of implementing full scale inquiry reform
in science education in the U.S. still did not come to fruition during this time.
With the publication of the National Commission on Excellence in Education’s (NCEE)
1983 report, A Nation at Risk, science education reform and inquiry-based methods were once
again in the spotlight. Because of their findings, the NCEE recommended students in science
should be introduced to not only the concepts of science, but also the methods of reasoning and
scientific inquiry, the applications of science to everyday life, and the implications of scientific
development (NCEE, 1983). In 1985, the American Association for the Advancement of
Science (AAAS) began their Project 2061, which was a reform effort designed to define and
promote science literacy (DeBoer, 2006). Phase I of Project 2061 produced the publication of
Science for All Americans (AAAS, 1990) in 1990. Science for All Americans suggested schools
should teach what was necessary for science literacy while teaching for deeper understanding. In
order to teach for deeper understanding, Science for All Americans suggested students should
construct their own meaning by connecting new information to what they already know, in
various contexts, through experiences that help them make sense of the real world (DeBoer,
2006). This push for science literacy continued in 1996, with the development of the National
Science Education Standards by the National Research Council (NRC), which promote inquiry
as the preferred pedagogical approach to science teaching and learning.

Defining inquiry. As Abrams, et al. (2008) noted, “it is one thing to suggest that inquiry
should be central to a student’s science learning, but quite another to actually define inquiry” (p.
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xv). While the term “inquiry” is prominent in the science education literature, the definitions can
fit into at least three categories: the work of scientists, active learning from students, or a
pedagogical approach for teachers (Minner, Levy, & Century, 2010). For this reason, many
educators misunderstand the meaning of inquiry (Martin-Hansen, 2002). Perhaps the most
thorough definition of inquiry comes from the National Science Education Standards (NRC,
1996). According to these Standards,
Scientific inquiry refers to the diverse ways in which scientists study the natural world
and propose explanations based on the evidence derived from their work. Inquiry also
refers to the activities of students in which they develop knowledge and understanding of
scientific ideas, as well as an understanding of how scientists study the natural world.
Inquiry is a multifaceted activity that involves 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.
Inquiry requires identification of assumptions, use of critical and logical thinking, and
consideration of alternative explanations (NRC, 1996, p. 23).
However, such a detailed definition of inquiry does not provide practitioners with a guide for
implementing inquiry-based instruction. To help clarify their vision of what inquiry should look
like in the science classroom, the NRC provided five essential features of classroom inquiry:






Learners are engaged by scientifically oriented questions;
Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions;
Learners formulate explanations from evidence to address scientifically oriented
questions;
Learners evaluate their explanations in light of alternative explanations, particularly
those reflecting scientific understanding; and
Learners communicate and justify their proposed explanations (2000, p. 25).

The level of inquiry for each of these features can vary, depending upon the degree of
student self-direction and of teacher or material direction. There are four levels of inquiry: (1)
level zero, confirmation, or verification; (2) level one, or structured inquiry; (3) level two, or
guided inquiry; and (4) level three, or open inquiry (Blanchard, et al., 2010; Colburn , 2000;
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Sunal, Sunal, Sundberg, & Wright, 2008). During confirmation or verification, the teacher or
material provides the question, data collection methods, and interpretation of results. The
students merely perform the exercise to confirm the concept presented. In contrast, during open
inquiry, the student provides the question, chooses the materials, plans the procedure, collects the
data and analyzes it, and interprets the results. Structured inquiry only requires the student to
interpret the results from a pre-planned activity, while guided inquiry requires the student to
collect the data and interpret the results. An additional level of inquiry advocated by MartinHansen (2002) is coupled inquiry. In coupled inquiry, the teacher initiates a guided inquiry,
followed by a student-initiated open inquiry. As noted by Blanchard, et al. (2010), there is no
optimal form inquiry. With this in mind, teachers should consider their teaching context,
students’ skill levels, and available materials when selecting or designing inquiry lessons for
their science classroom.
Since the term “inquiry” is so difficult to define, and practitioners of education need a
working definition, the NRC chose to replace it with “practices” in their most recent documents.
In both A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core
Ideas (NRC, 2012a), and the Next Generation Science Standards this change was made in an
effort to “better explain and extend what is meant by ‘inquiry’ in science and the range of
cognitive, social, and physical practices that it requires” (NRC, 2012b, Practices section, para. 1).
The eight practices for K-12 science classrooms from the Framework document include:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

asking questions (for science) and defining problems (for engineering)
developing and using models
planning and carrying out investigations
analyzing and interpreting data
using mathematics and conceptual thinking
constructing explanations (for science) and designing solutions (for engineering)
engaging in argument from evidence
obtaining, evaluating, and communicating information (NRC, 2012a, p. 42).
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These practices will help students understand “how scientific knowledge develops” and
encourage the actual “doing of science or engineering” to “pique students curiosity, capture their
interest, and motivate their continued study” in science (NRC, 2012a, p. 42).

The inquiry learning cycle. When incorporating inquiry into their science classrooms,
teachers typically move from a teacher-centered environment to a more student-centered
environment. One student-centered, inquiry-based approach to instruction is the use of a learning
cycle, which appeared in research long before the National Science Education Standards called
for the use of inquiry in science instruction (Lindgren & Bleicher, 2005). One of the earliest
examples of a learning cycle was the four-step instructional model of a German philosopher,
Johann Herbert, in the 1890s (DeBoer, 1991). In Herbert’s model, step one involved stimulating
the students’ interests, either by direct encounters with the natural world or by social interactions.
Step two allowed students to form a new concept by building upon their existing knowledge.
During step three, the teacher explained the concept through direct instruction. Finally, in step
four, the students applied their knowledge to other contexts (DeBoer, 1991). In the 1930s,
Dewey’s “complete act of thought” provided the foundation for an instructional model including
the steps of: (1) sensing a perplexing situation; (2) clarifying the problem; (3) formulating a
hypothesis; (4) testing the hypothesis; (5) revising the tests; and (6) acting upon solutions
(Bybee, et al., 2006). According to Bybee (1997), Piaget’s model of equilibriation declared an
adaptation of knowledge occurs when a discrepent event in a student’s environment does not fall
into line with their prior experiences. As the student tries to explain this discrepent event in terms
of their prior knowledge, and fails, the student must change their understanding in order to
explain the event (Bybee, 1997).

25

In the 1960s, Robert Karplus, along with J. Myron Atkin and Herbert Thier developed a
three phase instructional model based upon Piaget’s ideas of equilibriation. These phases
included exploration, invention, and discovery. In 1977, with the assistance of Chester Lawson,
Karplus changed the names of the phases to exploration, concept introduction, and concept
application, in order to better represent what occurred in each phase (Lindgren & Bleicher,
2005). During the exploration phase, students explore some new phenomenon that raises
questions they cannot answer within their current understandings. In the concept induction
phase, new concepts related to the phenomenon from exploration are introduced. Finally, during
concept application, students apply the new concepts to a different example (Lawson, 1988). In
his book, Rodger Bybee (1997) presented a modification of the Karplus model, which is
commonly referred to as the “5E” model. An engagement phase was added to the beginning of
Karplus’ model to bring students’ prior knowledge into the lesson. Karplus’ phases of
exploration, concept induction, and concept application were renamed exploration, explanation
and elaboration. Finally, an evaluation phase was added to the end of Karplus’ model to allow
for the assessment of students’ understandings. Bybee’s “5E” model was expanded in 2003 by
Arthur Eisenkraft, who proposed a “7E” model.The engagement phase in Bybee’s (1997) model
was split into elicit and engage, to stress the importance of eliciting students’ prior knowledge
and misconceptions at the beginning of a lesson, in addition to engaging students in the lesson.
The explore and explain phases remained basically the same, but the elaboration and evaluation
phases of Bybee (1997) were split into elaborate, evaluate, and extend. While the elaboration
phase is similar to Bybee’s, the evalute phase notes the importance of using both formative and
summative assessment throughout the phases of the cycle. The extend phase was added to stress
the importance of having students transfer their knowledge beyond simple elaboration
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(Eisenkraft, 2003). From the research literature, it is evident there have been numerous
modifications made to the learning cycle instructional model. As noted by Colburn and Clough
(1997), the learning cycle is an effective strategy for assisting science teachers with
implementing inquiry-based methods of teaching and learning into their classroom practice,
because it “works, is flexible, and places realistic demands on teachers and students” (p. 30).

Benefits of Inquiry-Based Methods
Once science teachers incorporate inquiry-based methods into their classroom practice,
numerous benefits emerge from their reform effort. These benefits influence students in
elementary, middle, and high schools, as well as students with diverse demographics. The
literature provided numerous research studies describing the student benefits of implementing
inquiry into science teacher practices. This section describes a sampling of the research focused
on the benefits of narrowing the achievement gap, improving inquiry practices or skills, and
increasing student attitudes and achievement.

Narrowing the achievement gap. In their study of 25 urban third and fourth graders,
Cuevas, Lee, Hart, and Deaktor (2005) concluded science students participating in inquiry
instruction improved their inquiry abilities as assessed through pre-and post-elicitations of
solving a problem related to evaporation and surface area. These abilities included developing
procedures, describing uses for materials, recording results using different methods, and
formulating conclusions. The authors noted inquiry-based instruction helped narrow the gaps
among the subgroups of achievement level, gender, ethnicity, SES, home language, and English
proficiency.
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English Language Learners (ELL) showed improved achievement in Amaral, Garrison,
and Klentschy’s (2002) study of 615 fourth grade and 635 sixth grade students. The ELL
students in this study not only improved their achievement in science, but in reading, writing,
and mathematics, through their participation in inquiry-based science instruction project. The
authors found the science scores of the ELL students on the Ninth Edition of the Stanford
Achievement Test increased in relation to the number of years they participated in the project. In
a different study which helped show how activity-based science differs from inquiry-based
science, Dalton, Morocco, Tivnan, and Rawson-Mead (1997) determined fourth grade students
with and without learning disabilities (LD) demonstrated greater concept learning from
participating in a supported inquiry science program. The authors studied 172 total students and
33 LD students from both urban and suburban inclusion classrooms, participating in either a
supported inquiry science (SIS) curriculum or an activity-based science (ABS) curriculum.
Students were assessed using a pre-and post-questionnaire on their understandings of electricity,
and students were allowed to either write and/or draw their responses. While both groups
increased their assessment scores after instruction, the SIS group, including the LD students,
consistently outscored their peers in the ABS group.

Improving inquiry practices or skills. Wu and Hsieh (2006) conducted another study
showing the benefits of inquiry-based methods. In this study, the authors examined how sixth
grade students used evidence to construct their explanations of science concepts. The 58
Taiwanese students in this study were given pre-and post-tests designed to assess their inquiry
skills before and after activities were completed over a six-week time period. Six of these
students were interviewed three times during the study, and were asked to use materials or
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analyze data to formulate their explanations. The results of the study showed the students were
better able to identify causal relationships, describe their reasoning process, and construct
scientific explanations using evidence after the inquiry-based activities.
In their study, Mattheis and Nakayama (1988) found sixth and seventh grade students
improved their science process skills through their participation in a laboratory-centered inquiry
program. At the sixth grade level, 85 students participated in the study, 47 in the treatment group
and 38 in the control group. At the seventh grade level, 141 students participated, 83 in the
treatment group and 58 in the control group. The treatment students participated in a special
program, which utilized hands-on, laboratory-based inquiry instruction. The control students
participated in traditional, teacher-oriented instruction. Three post-tests were administered to
both groups of students to assess process skills, content knowledge, and laboratory skills.
California Achievement Test data was used to establish equivalency between the two groups.
Results showed the treatment students overall showed greater improvement on all post-tests than
did the control students. The treatment students significantly improved their laboratory skills,
along with the process skills of graphing and interpreting data. This comparison of traditional
teaching methods to inquiry teaching methods was further discussed in Scruggs and
Mastropieri’s (1993) study of seventh and eighth grade, low SES, LD students in their special
education classrooms. The authors conducted the study over a two-week time period such that all
students would receive both the traditional “reading” treatment for one unit of study and the
inquiry “doing” treatment for the other unit. Students were assessed on vocabulary, factual recall,
and application at the end of each unit and the results showed the LD students in the inquiry
group acquired more content knowledge than did students in the traditional group.

29

Increasing student attitudes and achievement. To examine the impact of inquiry-based
science programs on students’ attitudes toward science, and interest in science careers, Gibson
(1998) studied students in a summer program. The sample for her study included 79 of the 157
students who participated in the summer program, as well as over 500 non-participating students.
These students took two surveys related to science and science careers prior to participating in
the program, then again several years after the end of the program. Twenty-two students of
diverse ethnicity and gender were then selected at random to participate in interviews. These
interviews explored students’ experiences in school and with science education, and asked
students to reflect about their participation in the summer program. Students discussed their
interests in science and science careers. After analyzing the pre- and post-program surveys,
Gibson found students in the inquiry-based summer program had a “more positive attitude
towards science and interest in science careers” than did students not participating in the summer
program (1998, p.13). The interview data supported this finding, as students enjoyed learning
about science through hands-on activities.
In their study, Taraban, Box, Myers, Pollard, and Bowen (2007) considered the impact of
active learning, inquiry-based labs on high school biology students. The lessons came from a
curriculum developed by the Texas Tech University “traveling labs” program, and focused on
Microscopy and Biotechnology. The 408 student participants completed one lesson using inquiry
methods, and the other using traditional methods. They were then assessed on their learning,
attitudes, and behaviors using objective tests and student questionnaires at the end of the lessons.
An overall analysis of student test data showed a significant increase in the active learning group
compared to the traditional group for each topic, and the student questionnaire showed a
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preference for the active learning over traditional instruction in areas of knowledge attainment,
process skills, and outlooks toward studying science.
In a study conducted through the implementation of a reform-based high school
chemistry curriculum called Living by Chemistry (LBC), Roehrig and Garrow (2007) measured
student learning of the concepts of gas laws, phases of matter and density, along with any
relationship between the teachers’ implementation of the inquiry-based, “5E” curriculum and
student learning. The researchers used semi-structured interviews and classroom observations to
understand the teachers’ experiences with the implementation process. The participating teachers
and their 288 students were from a large, urban school district committed to instituting reform in
science education with a diverse student population. The teachers assessed students on the
Weather Unit of the LBC curriculum using a multiple-choice exam designed to measure student
learning. The researchers observed the teachers eight times during the school year using the
Reformed Teaching Observation Protocol (RTOP), and calculated average RTOP scores from
these visits. The authors found students in the two reform-based classrooms scored significantly
higher on the Weather Unit assessment, than did students in the two teacher-oriented classrooms.
Schroeder, Scott, Tolson, Huang, and Lee (2007) conducted a meta-analysis of research
published from 1980 to 2004 on specific science teaching strategies and their impact on student
achievement. Of the 61 studies selected for analysis, 12 of them focused on inquiry strategies
defined as student-centered instruction in which students answer scientific research questions by
analyzing data. The researchers analyzed each of the teaching strategies, including inquiry, to
determine mean effect size on student achievement. The largest effect size of 1.48 was found for
the Enhanced Context strategies, which included linking concepts to students’ prior knowledge
and/or interests. Collaborative Learning (0.96), Questioning (0.74), and Inquiry (0.65) had the
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next largest values for effect size. The authors concluded when students are placed in an active
environment that considers their interests and prior knowledge and allows them to participate in
collaborative scientific inquiry with an effective teacher, their achievement will improve. The
authors noted in order for U.S. students to achieve science literacy and to improve their standing
in international comparisons, teachers must utilize effective strategies, like inquiry, in their daily
practice.

Factors Affecting the Implmentation of Educational Reform in Science
According to Fullan and Pomfret (1977), implementation refers to the “actual use of an
innovation or what an innovation consists of in practice” (p. 336). They suggested there are at
least five dimensions of implementation, including “changes in materials, structures, roles or
behavior, knowledge and understanding, and value internalization” (Fullan & Pomfret, 1977, p.
336). As noted from his case studies of curriculum reform, Anderson (1995) concluded
innovations or reforms initiated and implemented in schools are very complex, require hard
work, involve a large amount of time and effort, and are connected to all facets of teaching and
learning. Before schools or systems begin to undertake such reform efforts, administrators
(including state, district, and school level), teachers, students, and parents alike, need to be aware
of the barriers to change. These barriers can occur during any one of the three reform phases
described by Fullan (2007): initiation, implementation, and institutionalization.

Barriers to implementation. One of the most referenced articles in the literature related
to these barriers affecting science reform implementation was Anderson’s (1996) Study of
Curriculum Reform. In this study, Anderson studied nine schools whose teachers were
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implementing instructional practices presented in the National Science Education Standards. The
results supported the idea that these teachers faced both internal and external barriers that
affected their implementation, and classified these barriers into the categories of technical,
political, and cultural. Within the technical category are the skills teachers need to implement
reform, like content knowledge, pedagogical knowledge, and classroom management. The
political category includes issues with lack of support for reform from the school or district,
along with a lack of resources, collaboration, and professional development. In the cultural
category, which is the most difficult area to control, are the teacher’s beliefs about teaching and
learning, including beliefs about student learning, transmission of knowledge and preparing
students for the next level of their education.
In 2006, Johnson used Anderson’s classifications of barriers to determine their influence
on two middle schools in the second year of a science reform effort. She discovered the cultural
barrier of veteran teachers who did not buy into the reform, along with the political barrier of
needing more support from administration affected both schools. In another study, Lovette,
Sovoie, and Armenta (1998) surveyed 151 teachers in 29 of Louisiana’s 66 school districts to
determine which barriers were the most significant in restricting educational progress. The top
items with the highest mean frequency rating included dysfunctional families, student attitudes
toward education/unmotivated students, and too much television time for students at home.

Implementing reform. With a knowledge of these barriers in mind, Anderson (1996)
pointed out while there is no set of processes that will ensure success, there are some important
insights that appear essential to success throughout the phases of reform. The first of these
insights is the need for a systemic outlook. This means taking into consideration and combining
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the individial perspectives of teachers, students, parents, and administrators, since they all play a
role in school reform. The second of Anderson’s insights is the empowerment of teachers. For
significant changes to occur in schools, teachers need to “examine and reshape their professional
identity and develop their professional competencies” (Anderson, 1996, p. 11). This may require
teachers to be more reflective of their practice. The third and final of Anderson’s insights is a
change in the culture of schools. When change occurs, all stakeholders take on new roles. For
example, teachers may need to take on new responsibilites and become more collaborative in
their practice, while other stakeholders may need to reassess their beliefs and values regarding
education.

Stakeholder roles in reform process. While these are general suggestions for all
stakeholders in the reform process, Fullan (1993, 2002, 2007) provided more detailed ideas to
help teachers, principals, students, and parents work through the initiation, implementation, and
institutionalization phases of the change process. For teachers, Fullan (1993) stated there are four
capacities of change. Teachers should: (1) examine or re-examine their personal vision for
teaching; (2) use inquiry to internalize habits of continuous learning; (3) gain mastery by seeking
out new ideas and becoming skilled in them; and (4) collaborate effectively with others. While
teachers can make these changes in their own classrooms, they need leadership from a principal
who can “create a fundamental transformation in the learning cultures of schools” (Fullan, 2002,
p. 17). For these principals to be leaders of cultural change, Fullan (2002) suggests five essential
characteristics: (1) a social responsibility to others; (2) an understanding of the difficult and slow
process of change; (3) the ability to improve relationships among diverse people who think
differently about change; (4) the capability to create and share knowledge; and (5) a skill to be
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coherence makers. From an analysis of case studies, Newmann, King, and Youngs (2000),
discovered a school’s capacity to improve their instructional quality through implementing
change relies on the skills, knowledge, and dispositions of its teachers, along with the leadership
of its principals. Moreover, it is important for students to understand the change, so that they do
not oppose, undermine, or reject the process (Levin, 2000).
In their study of a school improvement program, Pekrul and Levin (2007) found for
school improvement to last, motivated and engaged students are vital. They noted when schools
undergoing reform were more supportive of student voices during the change process, students
not only became allies in the change, they played a major role in influencing parental and
community support for the change. According to Rosenholtz (1989), “stuck” schools believed
nothing could be accomplished with parental involvement, while “moving” schools viewed
parental involvement as part of the solution (p. 192). While these research-supported guidelines
steer educational stakeholders through the often-challenging reform process, there are additional
research-based suggestions for implementing classroom reform using inquiry-based methods of
teaching and learning in science.
In their book, Atkin and Black (2003) point out the central element in improving
education is the teacher, and how s/he is viewed in the process of educational change. When
implementing inquiry-based science, teachers face many challenges, including:
…knowledge of inquiry versus a more linear flow of information; various techniques to
promote learning, such as coaching or modeling; specific instructional strategies;
classroom management; science understanding of nontrivial content; how to use
technology tools to represent content and support inquiry; and nontraditional assessment
(Schneider, Krajcik, & Blumenfeld, 2005, p. 285).
Therefore, it is important for teachers to participate in professional development during the
implementation process that links teacher knowledge and practice, and includes classroom
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enactment and reflection of that enactment (Schneider, et al., 2005), assuming the teachers
believe there is a need for change and they have made the commitment to initiate the change
(Fullan, 2007). According to Ball and Cohen (1996), teachers need to utilize curriculum
materials that support learning about teaching while fostering student learning. When teachers
incorporate these materials into their classroom practice, they should be allowed to vary them
somewhat, in order to meet the learning needs of their students. However, these changes should
be consistent with the aim of the curriculum materials (Schneider, et al., 2005).
In order for the implementation of inquiry-based methods to be successful, teachers need
the support of their administrators, both at the school and district level. Administrators control
vital resources: (a) spending, which is needed for professional development and materials for
implementation and (b) scheduling, which impacts the time teachers have available for
professional development and collaboration with other teachers. Therefore, administrators need
to be on board with the implementation of inquiry-based methods and support their teachers with
the time and resources they need to be successful. They need to understand the implementation
phase takes two to three years (Fullan, 2007), and since there is a learning curve for both
teachers and students, there could be an initial decrease in student achievement during
implementation, as noted by Kanter and Konstantopoulos (2010) in their study of the
implementation of a problem-based, inquiry-based biology curriculum. For this reason, it is
important for teachers and administrators alike to listen to what students have to say about the
impact of the new methods, instead of relying on traditional assessment measures. In return,
students must take on a more active, engaged role in their learning when constructivist learning
methods like inquiry are implemented (Levin, 2000). When teachers, students, and
administrators understand their roles and become more skilled at those roles during the
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implementation of inquiry-based methods of teaching and learning, there is a greater chance this
type of instructional reform will move into the continuation phase, or be sustained (Fullan,
2007).

Factors Influencing the Sustaining of Educational Reform
Along with literature discussing the implementation of science reform, there are many
studies dealing with the factors that influence sustaining educational reform. A few of these
studies relate to science reform specifically, but the majority of the studies focus on sustaining
standards-based or research-based reform in general. In their case study of twelve sites
implementing innovative programs, Huberman and Miles (1984) found “mandated and stable”
use of a reform could lead to sustained use or “institutionalization” (p. 212). The four sites
supported high institutionalization through a centralized administration that applied pressure to
the users along with rearranged organizational structures and stabilized program staff and
leadership.
In one science reform study, Lawrenz, Huffman, and Levoie (2005) spent six years
following the initial implementation and continuation of the Scope, Sequence, and Coordination
(SS&C) curriculum developed by the National Science Teachers Association. Thirteen schools
across the United States implemented the SS&C curriculum, but only five of these schools were
part of the six-year study. Based on their study, Lawrenz, et al. presented seven
recommendations for high school principals that plan to facilitate reform implementation and
sustainability:
(1) commit to a long term, resource-rich environment for the change,
(2) develop strong communication networks between the teachers at our school and the
teachers and principals at other sites engaged in the implementation to increase
feelings of involvement and ownership,
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(3) implementing standards-based curriculum means change, so be willing to
accommodate it,
(4) having a liaison teacher shares the load and allows the infusion of content and
curricular expertise,
(5) teachers have to want the change,
(6) be savvy about the future in terms of new external pressures, and
(7) gather and provide evidence that the change is producing valuable effects (pp.11-14).
In another science reform study, Larkin, Seyforth, and Lasky (2009) followed the
implementation of the Integrated Science Program (ISP) at a public high school in the United
States. The authors studied the ISP in light of five common dilemmas faced by teachers as they
implement reform: time, ideal versus reality, changing roles and work, the preparation ethic, and
equity. Through their study, Larkin, et al. discovered while the ISP reform effort had the support
of administrators at the school and district level, the teachers’ ownership of the program and
commitment to refining their practice made the implementation successful and sustainable. This
led the authors to imply schools and districts should examine their teacher turnover and hiring
issues to ensure the sustaining of the ISP reform effort.
In order to investigate the sustainability of research-based reform initiatives, Florian
(2000) studied school districts that implemented a state sponsored reform effort 10 years prior to
her study. The reform, called the Enhancement Initiative, was a three-year program developed as
a response to challenges of a Midwestern state in the United States, including changes in student
populations, a desire to be competitive in economic growth, and an increasing demand of
accountability from the public. For her study, the author selected four school districts involved in
the Enhancement Initiative and asked them to select one elementary school that had been the
most active in the reform process. The author selected four comparison districts not involved in
the initiative and asked them to select one elementary school they believed had made the most
strides towards educational improvement. All the districts involved in the Enhancement Initiative
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sustained four of the changes implemented during the reform effort: teachers’ use of innovative
instructional practices, engagement of schools with community, integration of technology into
instruction, and site-based management. In contrast, the four non-initiative schools did not
implement these changes to the extent the initiative districts had. Florian found five categories of
sustainability barriers that accounted for this difference:
(1) ongoing engagement and development of human capacities engaged during the
reform initiative,
(2) school and district cultures that value learning, innovation and collaboration,
(3) district and school structures, policies and resource allocations that support reform
goals,
(4) leadership of schools and districts that maintains a consistent vision, a well-designed
strategic plan, and positive relationships with members of the education system, and
(5) political context demands, pressures, and supportive activities (2000, p. 12).
As noted earlier, the majority of these studies related to sustaining reform focused on educational
reform in general, while few of them focused on sustaining reform in science education using
inquiry-based methods of teaching and learning. However, all the studies referenced thus far
highlight the difficulties that face teachers attempting to reform their classroom practices.

Middle School Science Classrooms
The ability of teachers to sustain inquiry-based reform efforts after the implementation
phase was one major focus of this research study. The other major focus was how teachers could
sustain reform in the context of middle school science classrooms. The following section
discusses the literature on middle school classrooms in three areas: (1) middle school trends and
issues; (2) middle school science instructional practices and materials; and (3) student
achievement in middle school science.
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Middle school trends and issues. According to MacIver and Epstein (1991), for young
adolescents in America, the middle school years provide the “last real opportunity to affect their
educational and personal trajectory” (p. 587). The authors described this age group as having
conflicting needs, like needing supervision and guidance, but wanting increased autonomy, or
desiring recognition for their own uniqueness while wanting to be a part of the crowd. For some
students, “the early adolescent years mark the beginning of a downward spiral in school-related
behaviors and motivation that often lead to academic failure and dropping out of school” (Eccles,
et al., 1993, p. 554). The author attributed this decline in motivation and behavior to early
adolescent psychological development, pubertal development, and/or changes in educational
environments and expectations. During middle school, “curricular choices often are made that
effectively determine whether one can pursue a career in science, the arts – or realistically aspire
to attend colleges and professional schools” (Anderman & Maehr, 1994, p. 288). As noted by
Bruckhorst (1989), gender differences in science achievement begin to show up during the
middle school years, even in exemplary programs.
The middle school movement that began in the 1960s has become the principal grade
arrangement and educational model for sixth through eighth grade students in the United States.
Some believe middle schools set the standard for educational reform by “responding to student
needs and focusing on strengthening curricular and instructional practices”. In spite of the
prevalence of middle schools, other educational reformers believe they “represent what is wrong
with American education – over emphasis on social and emotional issues and a lowering of
academic standards” (Williamson & Johnston, 2000, p. 2). After more than 40 years, there is still
little agreement about the impact of middle schools, due to the lack of useful research that can

40

“help educators decide which practices are beneficial for early adolescent students and which are
ineffective” (MacIver & Epstein, 1991, p. 589).
Two more research studies further address the issues related to the middle school
classroom. In their study, Williamson and Johnston (2000) utilized a modified case study
approach to determine the issues of greatest concern for middle school stakeholders in four
diverse communities. After collecting data through surveys, individual interviews, small group
interviews, and exit interviews, the authors found seven themes of concerns:
(1)
(2)
(3)
(4)
(5)
(6)
(7)

anonymity/school size;
curriculum;
rigor and challenge;
safety, sociability, and civility;
responsiveness;
instruction; and
parent and public relations (pp. 7–9).

In a study focused specifically on student concerns in middle school, Akos (2000) researched
331 fifth grade students from three different elementary schools as they prepared to enter one
large middle school in their public school system. In Phase I, all participants recorded any
questions about middle school. In Phase II, the same students completed a questionnaire that
included a question about their concerns regarding middle school. Phase III utilized 103 students
selected at random who completed a second questionnaire regarding their goals for, questions
about, and concerns about middle school. In Phase IV, a purposeful sample of students who
experienced success in the sixth grade, in terms of grades, behavior, and attendance, completed a
third questionnaire repeated previous questions regarding people who helped them during their
transition to middle school, and included some open ended questions about the best aspects of
middle school. The researcher analyzed the data for themes through coding, and one major theme
emerging was students’ questions and concerns about rules, procedures, and expectations in
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middle school. Another major theme that emerged was a concern about older students and/or
bullies. A final theme was students’ concerns about homework and their ability to do well
academically.

Middle school science instructional practices and materials. For many years, the
textbook has held a prevalent position in science instruction, and in most cases, has been the
science curriculum (Pizinni, Shepardson, & Abell, 1992). In their study of trends in mathematics
and science education from 1977 to 2000, Smith, Banilower, McMahon, and Weiss (2002) noted
since 1977, teaching practices in science have remained stable. There has been a slight reduction
in reading about science or doing textbook and worksheet problems in class in grades four
through six, but the use of textbooks as the primary source of curriculum materials remained
constant for grades seven through nine. The authors noted while the amount of money spent in
science programs on hands-on and laboratory materials has increased, teachers are not reporting
an increase in their use of these materials in grades five through eight or in grades nine through
twelve. Kesidou and Roseman (2002) presented Project 2061’s analysis of nine widely used
middle school science textbooks and their accompanying teachers’ guides, to determine how
well they support the main ideas of the National Science Education Standards. The analysis
focused on textbooks and materials written specifically for the middle grades (six through eight),
and covered the content areas of physical, life, and earth science. Two member teams of
reviewers of experienced middle school science teachers and university faculty members in
science educations completed a seven-day training prior to the analysis of the student texts and
teachers’ guides. The reviewers found while each textbook presented most of the key ideas, they
were difficult to locate buried between “detailed, conceptually difficult, or even unrelated ideas”
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(Kesidou & Roseman, p. 527). The reviewers found these key ideas were spread out over several
units, most of which were “introduced without preparation and were merely repeated rather than
being explicitly revisited or clearly extended to new contexts, and the experiences that were
provided for the same idea in different units were rarely connected to each other” (Kesidou &
Roseman, pp. 527-528). Finally, the reviewers presented some of the strengths and weaknesses
of the textbooks.
While all the programs reviewed presented the purpose of their activities, none of them
engaged the students into thinking about why they should do them. Five of the nine programs
reviewed provided questions to elicit student ideas about the topics presented, but none of them
helped the teachers make use of that information. All of the programs reviewed claimed to be
activities based and did contain several hands-on activities in each chapter, but the activities
rarely related to the key ideas in each subject area. None of the programs reviewed focused on
allowing the students to practice using the ideas they learned. None of the programs provided
opportunities for students to express their own ideas for clarification or justification, or suggested
how teachers could anticipate misconceptions of students. The authors concluded there is a need
for new middle school science programs that “better support teachers in their efforts to help
students learn important ideas in science” (Kesidou & Roseman, p. 540). In response to this need
for improved middle school science curriculum resources, numerous kit-based curricula that
support inquiry have been developed.
The most prevalent of these kit-based curricula in the research literature include Full
Option Science Systems (FOSS); Science and Technology for Children (STC); and Science and
Technology Concepts for Middle Schools (STC-MS). The AMSTI program, which served as the
context for this research study, utilized the STC-MS curriculum with teachers and students in

43

grades 6-8. Based on their study, Jones and Eick (2007b) considered both the STC and STC-MS
curricula to support inquiry methods, because they provide the concepts studied by the students,
who then collect and analyze the data themselves. The STC and STC-MS curricula included
“lesson plans, hands-on materials, background information, supplemental readings and
performance assessments” (Jones & Eick, 2007a, p. 494). The lesson plans in these curricula
allowed students to work through the learning cycle using a set of hands-on activities, which
build to a culminating inquiry-based activity. As noted by Smith, Banilower, McMahon, and
Weiss (2002), there has been increased attention to science education reform since the
publication of the National Science Education Standards, but there is little evidence of
widespread change, even with the availability of curricular materials like STC and STC-MS.
Berns and Swanson (2000) noted further evidence of this lack of change in science
instruction in their study of science teacher leaders in a large urban school district. While
teacher leaders often had a strong knowledge of their subject matter, the majority of teachers
lacked the science background needed to implement the science standards and reform-based
practices effectively. The Southern Regional Education Board (SREB), a nonprofit organization
working with 16 states, reported teachers in SREB states without a science major teach two out
of five science classes in eighth grade (Cooney, 1998). The SREB noted one-third of middle
grade teachers in SREB states hold elementary teaching certificates, which require very few
hours in science content areas. Due to this lack of science background, “three times as many
eighth grade science students in SREB states…report never doing any hands-on science
activities” and “more science teachers in SREB states…report spending more of their time
lecturing on science facts and terminology” (Cooney, 1998, p. 10). These findings were
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supported by TIMMS studies of 1999, 2003, and 2007 (Martin, et al., 2000; Martin, Mullis,
Gonzalez, & Chrostowski, 2004; Martin, et al., 2008).
In addition to this lack of background knowledge in science content, Aydeniz and
Southerland (2012) noted the influence of standardized testing on the instructional practices of
middle and high school science teachers. The authors surveyed 161 secondary science teachers in
14 different states, using nine Likert-type questions and two open-ended questions. The nine
Likert-type questions assessed the teachers’ attitudes toward standardized testing, while the
open-ended questions assessed their beliefs about advantages and disadvantages of standardized
testing in science. The authors found that 60.5% of the participants did not believe that
standardized testing improved student science learning and 51% of the participants stated,
“Standardized teaching dictates how I teach and assess my students’ learning” (Aydeniz &
Southerland, 2012, p 246). Teachers’ beliefs about what students should learn in science, their
state science tests, and their interpretation of those tests affected their views about the role of
standardized testing in their classrooms. Overall, the authors noted the NCLB focus on testing
for accountability “does not by and large support the practices described in the science education
reform documents”. In addition, the authors recognized,
…the absence of a focus on reform minded pedagogy in the current test-based
educational improvement policies may be the reason for why so many science teachers
do not make a conscious effort to use instructional practices (i.e., inquiry-based teaching)
that are promising in promoting the learning outcomes advocated by the recent science
education reform documents (Aydeniz & Southerland, 2012, p. 248).
In many school systems, science is not part of the adequate yearly progress calculations. As a
result, teachers feel pressured to spend more time on reading, writing, and mathematical skills
than on science skills. In systems where science is a part of accountability calculations, the focus
on test scores promotes the use of more traditional science teaching methods. As Smith,
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Banilower, McMahon, and Weiss concluded, “without opportunities for teachers to reform their
practice or a context that supports such reforms, the lack of change is not so surprising after all”
(2000, p. 69).

Student achievement in middle school science. While reform-based curricular materials
are more widely available, they have provided “modest at best” improvements to science
education in the United States in the face of the current accountability focus. State, national, and
international comparisons indicate,
…many U.S. students fare poorly relative to their peers in other countries. In addition,
large achievement gaps between majority students and both economically disadvantaged
and non-Asian minority students persist in all school subjects, and they are especially
strong and persistent in science (NRC, 2007, p. 11).
At the international level, the Trends in International Mathematics and Science Study provided
data on the achievement of middle school science students. The National Assessment of
Educational Progress provided data on middle school science students’ achievement at both the
national and state levels. Additionally, Alabama provided achievement data at the state level on
the Alabama Science Assessment.

Trends in International Mathematics and Science Study. The Trends in International
Mathematics and Science (TIMSS) study, a project of the International Association of
Educational Achievement, collected international mathematics and science achievement data for
middle school students in 1995, 1999, 2003, 2007, and 2011. The data from 2011 was not
available at the time of this study. However, the TIMSS 2007 administration reported science
results for “50 countries and 7 benchmarking participants at the eighth grade” (Martin, et al.,
2008, p. 5), including the United States. In addition to achievement data, TIMSS 2007 monitored
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“curricular implementation” and identified “the most promising instructional practices from
around the world” (Martin, et al., 2008, p. 14). Two dimensions of learning organized the
TIMSS 2007 science assessment: “a content dimension specifying the subject matter domains to
be assessed within science and a cognitive dimension specifying the thinking processes or
domains to be assessed” (Martin, et al., 2008, p. 24). Content areas included biology, chemistry,
physics, and Earth science, while cognitive areas included knowing, applying, and reasoning.
Student sampling for the TIMSS 2007 assessment attempted to ensure “quality and
comparability” in participating countries, and the multiple translations of the assessment
“underwent a complex verification procedure” (Martin, et al., 2008, p. 27).
Science students in the eighth-grade in Singapore and Taipei scored highest on the
TIMSS 2007 assessment, with average achievement scores of 567 and 561 respectively. The
states of Massachusetts and Minnesota served as benchmarking participants, and their eighthgrade students’ average scores were 556 and 539 respectively. Additionally, eighth-grade
students in Japan (554), England (542), the Russian Federation (530), and Hong Kong (530) all
scored higher in science achievement on average than did eighth-grade students in the United
States, with an average score of 520. Countries with average scores below the U.S. included
Norway (487), and Indonesia (427). The international average for TIMSS 2007 was 500 (Martin,
et al., 2008).
The average scores for eighth-grade science students in the United States improved
marginally since the first TIMSS assessment in 1995. Figure 1 compares the average scores of
eighth-grade science students from the U.S. with those of other countries since 1995, with the
scores from 2007 listed.
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Figure 1. Average TIMSS scores for eighth-grade science students in various countries. Adapted
from “TIMSS 2007 International Science Report: Findings from IEA’s Trends in International
Mathematics and Science Study at the Fourth and Eighth Grade,” by M. O. Martin, I. V. S.
Mullis, P. Foy, J. F. Olson, E. Erberber, C. Preuschoff, & J.Galia, 2008, p. 46. Copyright 2008
by TIMSS and PIRLS International Study Center.

National Assessment of Educational Progress. The National Assessment of Educational
Progress (NAEP), also known as the Nation’s Report Card, collected national academic
achievement data on middle school science students in 1996, 2000, 2005, 2009, and 2011. The
2009 and 2011 administrations of the NAEP had the same science framework, which differed
from the 1996, 2000, and 2005 administrations. The most current framework for the NAEP
included the science content areas of physical science, life science, and Earth and space sciences.
In addition, the framework assessed the four science practices of “identifying science principles,
using science principles, using scientific inquiry, and using technological design” to describe,
“how students use their science knowledge” (NCES, 2012a, p. 2). For the current framework,
60% of the assessment focused on conceptual understanding, in contrast to the prior framework
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for the 2000 and 2005 administrations, which focused on conceptual understanding 45% of the
time. During the 2009 administration, a sample of students completed “hands-on performance or
interactive computer tasks to further probe their abilities to combine their understanding with
investigative skills” (NCES, 2010, p. 5).
In addition to reporting the average scores, the NAEP Governing Board set three levels of
achievement for score reporting purposes:
(1) basic, which “denotes partial mastery of pre-requisite knowledge and skills that are
fundamental for proficient work;
(2) proficient, which “represents solid academic performance” and “competency over
challenging subject matter”; and
(3) advanced, which “represents superior performance” (NCES, 2010, p. 3).
The results of the NAEP 2011 science assessment showed 65% of eighth-grade students
performed at or above the basic level, with 32% at or above the proficient level, and only 2% at
the advanced levels. These percentages are up slightly from the NAEP 2009 science assessment,
where 63% of eighth-grade students performed at or above basic, 30% at or above proficient, and
only 2% advanced (NCES, 2012a, p. 5). The average scores for all eighth-graders increased
slightly from 150 in 2009 to 152 in 2011. Figure 2 compares the average scores from 2009 and
2011 based on race/ethnicity.
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Figure 2: Average NAEP scores for eighth-grade science students based on race/ethnicity in
2009 and 2011. Adapted from “The Nation’s Report Card: Science 2011, National Assessment
of Educational Progress at Grade 8,” by the National Center for Educational Statistics, 2012, p.
6. Copyright 2012 by the National Center for Educational Statistics.

Since the NAEP framework changed prior to the 2009 assessment, the scores from prior
years cannot be compared directly to the most recent NAEP scores for eighth-grade science
students. However, the average score of 149 for all students remained unchanged from 1996 to
2005. In 2005, 59% of students assessed were at or above the basic level, 29% were at or above
the proficient level, and 3% were at the advanced level. These values were similar to NAEP
results from 1996 and 2000. Figure 3 compares the average scores from 1996, 2000, and 2005
based on race/ethnicity.
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Figure 3: Average NAEP scores for eighth-grade science students based on race/ethnicity in
1996, 2000, and 2005. Adapted from “The Nation’s Report Card: Science 2005, Assessment of
Student Performance in Grades 4, 8, and 12,” by the National Center for Educational Statistics,
2006, pp. 19-20. Copyright 2006 by the National Center for Educational Statistics.

All of these NAEP eighth-grade science results indicated a persistent achievement gap remains
between Caucasian and Hispanic students, as well as between Caucasian and African American
students. An achievement gap also exists between male and female students, as seen in figure 4,
and between students eligible for free or reduced lunch and those not eligible, as seen in figure 5.
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Figure 4: Average NAEP scores for eighth-grade science students based on gender in 2009 and
2011. Adapted from “The Nation’s Report Card: Science 2011, National Assessment of
Educational Progress at Grade 8,” by the National Center for Educational Statistics, 2012, p. 8.
Copyright 2012 by the National Center for Educational Statistics.

Figure 5: Average NAEP scores for eighth-grade science students based on lunch program
eligibility in 2009 and 2011. Adapted from “The Nation’s Report Card: Science 2011, National
Assessment of Educational Progress at Grade 8,” by the National Center for Educational
Statistics, 2012, p. 8. Copyright 2012 by the National Center for Educational Statistics.
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As previously mentioned, in 2009 a smaller sample of students across the U.S. completed
hands-on or interactive computer tasks, which were “designed to assess how well students can
perform scientific investigations, draw valid conclusions, and explain their results” (NCES,
2012b, p. 2). While the hands-on tasks have been a part of NAEP since 1996, these newer tasks
presented “students with more open-ended scenarios” that required “a deeper level of planning,
analysis, and synthesis” (NCES, 2012b, p. 2). Figure 6 summarizes the “average percent correct”
scores for eighth-grade students on the new interactive computer tasks on the 2009 NAEP.

Figure 6: Average NAEP scores for eighth-grade science students on interactive computer tasks
in 2009. Adapted from “The Nation’s Report Card: Science in Action, Hands-on and Interactive
Computer Tasks from the 2009 Science Assessment, National Assessment of Educational
Progress at Grades 4, 8, and 12,” by the National Center for Educational Statistics, 2012, p. 7.
Copyright 2012 by the National Center for Educational Statistics.

The disparities seen in the achievement gap data from NAEP 2009 are repeated in this task data
from the same year. In addition to these score differences, the NAEP 2009 hands-on and
interactive tasks provided three key discoveries:
(1) students were successful on parts of investigations that involved limited sets of data
and making straightforward observations of the data;
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(2) students were challenged by parts of investigations that contained more variables to
manipulate or involved strategic decision making to collect appropriate data; and
(3) the percentage of students who could select correct conclusions from an investigation
was higher than for students who could select conclusions and also explain their
results (NCES, 2012b, p. 1).

NAEP state data. In addition to national data, the NAEP assessments provided state data
for 47 states in 2009 and all 50 states in 2011. While the national averages calculated by NAEP
included both public and private schools, state averages included only public school data. Figure
7 compares the state results for Alabama with bordering southeastern states.

Figure 7: Average NAEP scores for eighth-grade science students from the Southeastern U.S. in
2009. Adapted from “The Nation’s Report Card: Science 2011, National Assessment of
Educational Progress at Grade 8” by the National Center for Educational Statistics, 2012, p. 12.
Copyright 2012 by the National Center for Educational Statistics.
While state averages increased slightly from 2009 to 2011, these results show Alabama lags
behind other southeastern states in science achievement for eighth-grade students. Additional
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data retrieved from the NAEP website showed gender, racial/ethnicity, and lunch eligibility gaps
in Alabama mirror the national gaps (NCES, 2012d).

Alabama Science Assessment. The Alabama Department of Education implemented the
Alabama Science Assessment (ASA) for fifth- and seventh-grade students during the 2008-2009
school year. For fifth-grade students, the ASA assessed 55% physical science content, 27% life
science content, and 18% earth and space science content in a multiple-choice format. For
seventh-grade students, the ASA assessed 100% life science content in a multiple-choice format.
Since the discussion thus far has focused on middle school science students, this section will
provide data from the seventh-grade ASA administrations. The following tables (1, 2 and 3)
represent the last three years of ASA data available, divided into Achievement Levels:





Achievement Level I does not meet academic content standards;
Achievement Level II partially meets academic content standards;
Achievement Level III meets academic content standards; and
Achievement Level IV exceeds academic content standards (Alabama Department
of Education, 2008, p. 13).
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Table 1
2008-2009 Alabama Science Assessment Data for Seventh-Grade Science Students

Number
Percent Percent
Percent
Percent
Tested
Level I Level II Level III Level IV
All Students
54,940
2
28
40
30
Male
28,338
2
31
37
30
Female
26,602
1
25
44
30
American Indian/Alaskan Native
505
2
23
44
31
Asian/Pacific Islander
647
0
12
30
58
African American
19,289
2
41
41
16
Hispanic
1,935
2
34
42
22
Caucasian
32,449
1
20
40
39
Poverty
29,746
3
38
41
18
Note. Adapted from “Alabama’s Educational Report Card,” by the Alabama Department of
Education, 2009, Retrieved 6/18/2012 from
http://www.alsde.edu/general/alabamaeducationreportcard_2008-09.pdf. Copyright 2010 by the
Alabama Department of Education.

Table 2
2009-2010 Alabama Science Assessment Data for Seventh-Grade Science Students

Number Percent Percent
Percent
Percent
Tested
Level I Level II Level III Level IV
All Students
55,144
1
30
39
30
Male
28,240
1
33
36
30
Female
26,904
1
28
42
29
American Indian/Alaskan Native
454
1
22
44
33
Asian/Pacific Islander
685
0
14
28
58
African American
19,199
2
45
38
15
Hispanic
2,067
2
39
39
20
Caucasian
32,596
0
22
40
38
Poverty
30,915
2
41
39
18
Note. Adapted from “Alabama’s Educational Report Card,” by the Alabama Department of
Education, 2010, Retrieved 6/18/2012 from
http://www.alsde.edu/general/alabamaeducationreportcard_2009-10.pdf. Copyright 2011 by the
Alabama Department of Education.
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Table 3
2010-2011 Alabama Science Assessment Data for Seventh-Grade Science Students
Number
Percent Percent
Percent
Percent
Tested
Level I Level II Level III Level IV
All Students
55,543
1
31
39
30
Male
28,587
1
33
36
30
Female
26,956
1
28
42
29
American Indian/Alaskan Native
506
1
22
41
36
Asian/Pacific Islander
701
0
14
31
55
African American
19,314
2
45
38
15
Hispanic
2,235
0
39
40
21
Caucasian
32,615
0
22
39
39
Poverty
31,764
1
41
40
18
Note. Adapted from “Alabama’s Educational Report Card,” by the Alabama Department of
Education, 2010, Retrieved 6/18/2012 from
http://www.alsde.edu/general/alabamaeducationreportcard.pdf. Copyright 2012 by the Alabama
Department of Education.

While the ASA was not as rigorous an assessment as the TIMSS and NAEP assessments, similar
trends appeared in the data when disaggregated for gender, race, and poverty level. Figures 8 and
9 represent the percentages of students who met or exceeded the academic content standards for
seventh-grade life science. As with NAEP, these percentages were lowest for students of
poverty, African American students, and Hispanic students on the ASA.
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Figure 8: Percentages of seventh-grade life science students meeting or exceeding the academic
content standards on the ASA, by gender and poverty level. Adapted from “Alabama Education
Report Card,” by the Alabama Department of Education, 2009, p. 13; 2010, p. 11; & 2011, p. 10.
Copyright 2009, 2010, & 2011 by the Alabama Department of Education.

Figure 9: Percentages of seventh-grade life science students meeting or exceeding the academic
content standards on the ASA, by race. Adapted from “Alabama Education Report Card,” by the
Alabama Department of Education, 2009, p. 13; 2010, p. 11; & 2011, p. 10. Copyright 2009,
2010, & 2011 by the Alabama Department of Education.
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These stagnant levels of achievement in middle school science at the international, national, and
state levels indicate the need for the implementing and sustaining of more widespread
educational reform in both the United States and in Alabama.

Student achievement with the AMSTI program. The Alabama State Department of
Education developed the AMSTI program in response to lower than average scores on the 1996
NAEP, and implemented the program in 20 schools during the 2002-2003 school year. The
AMSTI program added schools each year, and by 2009, approximately 40% of schools in
Alabama were AMSTI schools. According to the AMSTI website, the mission of the AMSTI
program is to “provide all students in grades K-12 with the knowledge and skills needed for
success in the workforce and/or postsecondary studies” (AMSTI, 2010, Welcome to AMSTI
section, para. 1). The AMSTI Theory of Action suggests, “in order to improve student
achievement, teacher instructional strategies should include higher levels of hands-on, inquirybased instruction”. The AMSTI program fosters this type of instruction through:
(1) comprehensive professional development delivered through a 10-day summer
institute and follow-up training during the school year;
(2) access to program materials, manipulatives, and technology needed to deliver handson, inquiry-based instruction; and
(3) in-school support by AMSTI lead teachers and site specialists who offer mentoring
and coaching for instruction (Newman, et al., 2012, p. 3).
In 2012, Newman, et al., published the results of their two-year study of the AMSTI
program. Unlike previous external evaluations of the AMSTI program (Miron & Maxwell, 2004,
2005a, 2005b, 2006a, 2006b, & 2007), this study removed potential sources of bias by randomly
assigning schools to the AMSTI group or control group. The researchers set up two experiments,
including 40 school districts, approximately 780 teachers, and 30,000 students in 82 schools in
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Alabama. Subexperiment 1 included 40 schools selected randomly in 2006, while Subexperiment
2 included another 42 schools selected randomly in 2007. For both subexperiments,
…the intervention group attended the summer institutes and began implementing AMSTI
in the first year after random assignment, and the control group continued to use the
existing mathematics and science programs. Schools assigned to the control group were
accepted to the program but with a one-year delay, so that in the second year of each
subexperiment, the sample consisted of one group in its second year of AMSTI
implementation (the first year intervention group) and another group in its first year of
AMSTI implementation (the first year control group); therefore, there was no control
group that did not receive AMSTI intervention (Newman, et al., 2012, p. 7).
The researchers asked both confirmatory research questions and exploratory research questions
to guide their study. Confirmatory questions focused on the effect of AMSTI on student
achievement in math and science after one year and the effect of AMSTI on the use of active
learning instructional strategies by math and science teachers after one year. Exploratory
questions focused on the effect of AMSTI on student achievement in math and science after two
years, the effect of AMSTI on student achievement in reading after one year, and the effect of
AMSTI on math and science teachers’ reported level of content knowledge and student
engagement after one year. Additional exploratory questions included:
(1) Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by student pretest scores? What is
the effect of AMSTI on these outcomes after one year for students with pretest scores
that fall in the low, middle, and high ranges?
(2) Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by low-income status, proxied by
enrollment in the free or reduced-price lunch program (as part of the National School
Lunch Program)? What is the effect of AMSTI on these outcomes after one year for
students who were enrolled in the free or reduced-price lunch program and students
who are not enrolled?
(3) Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by racial/ethnic minority status?
What is the effect of AMSTI on these outcomes after one year for racial/ethnic
minorities and White students?
(4) Do the one-year effects of AMSTI on student achievement in (a) mathematics
problem solving, (b) science, and (c) reading vary by gender? What is the effect of
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AMSTI on these outcomes after one year for boys and for girls? (Newman, et al.,
2012, p. 10).
For the confirmatory questions, the researchers found the AMSTI program positively
affected mathematics achievement on the Stanford Achievement Test, Edition 10 (SAT 10) after
one year in grades 4-8. However, while positive, the impact on SAT 10 science achievement at
grades 5 and 7 was not statistically significant after one year. The researchers found after one
year, both math and science teachers in the AMSTI program reported more time spent using
active learning strategies than the control group teachers. For the exploratory questions,
Newman, et al. reported the following:
(1) Two years of AMSTI had a positive, statistically significant effect on math
achievement, equal to a gain of four percentile points for the average control school
student on the SAT 10, grades 4-8.
(2) Two years of AMSTI had a positive, statistically significant effect on science
achievement, equal to a gain of five percentile points for the average control school
student on the SAT 10, grades 5 and 7.
(3) One year of AMSTI had a positive, statistically significant effect on reading
achievement, equal to 2 percentile points for the average control school student on the
SAT 10, grades 4-8.
(4) One year of AMSTI had no statistically significant effect on teacher-reported content
knowledge in math or science, but did have a positive, statistically significant effect
on teacher reported student engagement.
(5) One year of AMSTI had no statistically significant effect on student achievement in
math and science based on racial/ethnic status, lunch program eligibility, gender, or
pre-test level (2012, pp. 106-109).
This study did not establish the long-term impact of the AMSTI program, because it included
schools just beginning to implement the program.

Methods and Instruments Used to Study Educational Issues
Researchers in the field of education originally viewed their studies from a scientific,
objective, and rigorous stance, based upon the scientific and testing movement that began in the
1920’s. During this time, research viewed as “soft” or “subjective” had little place in educational
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research (Lichtman, 2010, p. 25). The prominence of this scientific, or quantitative, method of
research persevered until the 1980’s, when a paradigm shift occurred in educational research.
Today, anthropologists and ethnographers no longer dominate qualitative research, as its use
continues to grow in the field of education (Lichtman, 2010). As suggested by Merriam (2009),
qualitative researchers are interested in “understanding the meaning people have constructed”
from their experiences in the world (p. 13). Similarly, Maxwell (2005) noted in a qualitative
study, the researcher is not only interested in the events that occur, but how the participants make
sense of the events, and how they influence their behavior by their understanding. In addition,
Corbin & Strauss (2008) stated qualitative research allows a researcher “to get at the inner
experience of participants, to determine how meanings are formed through and in culture, and to
discover rather than test variables” (p.12).
Qualitative methods are suggested when the “research is exploratory and researchers use
it to explore a topic when the variables and theory base are unknown” (Creswell, 2003, pp.7475). According to Morse (1991), two characteristics of qualitative research include an
“immature” concept “due to a conspicuous lack of theory and previous research”, along with the
need to “explore and describe the phenomena and to develop theory” (p. 120). Other
characteristics of qualitative research, noted by Merriam (2009), include the researcher being the
“primary instrument for data collection and analysis” (p. 15) and the products of the research
being words used to “convey what the researcher has learned about the phenomenon” (p.16). For
these reasons, this researcher chose to utilize qualitative methods for this study. The remainder of
this section focuses on literature related to the following areas: (1) case studies and
phenomenology; (2) the Concerns Based Adoption Model; (3) observation instruments; (4)
interviewing; and (5) curricular materials.
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Case studies and phenomenology. Of the five qualitative approaches to inquiry
introduced by Creswell (2007), the researcher of this study utilized a combination of the case
study method and the phenomenological study method. Much like the other forms of qualitative
research, in case studies and phenomenological studies, the researcher is the primary instrument
of data collection and analysis. According to Merriam (2009), a case study is an “in-depth
description and analysis of a bounded system” (p. 40). Knowledge learned from case studies is
“more concrete, more contextual, more developed by reader interpretation and based more on
reference populations determined by the reader” than is knowledge learned from other types of
qualitative research (Merriam, 2009, pp. 44-45). Types of case studies can include historical and
observational, intrinsic and instrumental, and multisite or collective. In a collective case study,
the researcher collects and analyzes data from several different cases that share a common
characteristic. According to Yin (2009), case studies are preferred when “how and why questions
are being posed, the investigator has little control over events, and the focus is on a
contemporary phenomenon within a real-life context” (p. 1). Within a case study, Yin noted it is
especially important to define the unit of analysis, in order to determine the design of the case
study. Case study designs can be either single-case or multiple-case, with units of analyses that
are either holistic (single) or embedded (multiple).
Although, according to Merriam (2009), all qualitative research is based in the
philosophy of phenomenology, phenomenological research can be conducted using the “tools of
phenomenology” (p. 25). This type of research takes the experiences of different people, brackets
and analyzes them, and compares them “to identify the essences of the phenomenon, for
example…the essence of being a participant in a particular program” (Patton, 2002, p. 106). In
other words, phenomenological research allows the researcher to “describe the meaning for
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individuals of their lived experiences of a phenomenon” (Creswell, 2007, p. 57). In
phenomenology, the researcher identifies a phenomenon with which study participants have had
experience, then collects data to develop a description of the real meaning of the experience
including the “what” and “how” for all of the participants (Creswell, 2007, p. 58). Prior to this
portion of the data collection, the researcher should examine his or her own experiences with the
phenomenon, in order to become more aware of personal biases and assumptions (Merriam,
2009).

Case studies and phenomenology in educational research. Numerous case studies
exist in the literature regarding educational issues, including science education and reform. In
one such study, King, Shumow, and Lietz (2001) utilized the case study method to analyze the
connections between science teacher practices, both self-perceived and observed, and the
promotion of “higher-order thinking skills, modeling and elaboration of science concepts, and
participation by all students” (p. 92). The urban school chosen for the study has a large
population of low SES (87%) and minority students (99%). Of the four teachers who agreed to
participate in the study, two of the teachers had 25+ years of teaching experience, one had 10
years of experience, and the other had only recently graduated from a teacher preparation
program. Backgrounds in science varied from a few undergraduate courses to participating in
various science workshops and programs. The teachers each participated in a 45-minute semistructured interview, in which they discussed their science curriculum and activities, their role as
a teacher of science, and what they liked and disliked about their teaching practices. In addition,
the researchers asked each teacher about their educational background and experience, how highstakes testing affected their science teaching, and what “inquiry” and “hands-on/minds-on”
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science meant to them (King, Shumow, & Lietz, 2001, p. 94). The researchers transcribed each
interview word for word in order to provide rich descriptions in the data. Along with the
interviews, the researchers observed one science lesson in each teacher’s classroom, via
videotape. The science education specialist/researcher analyzed the lesson using question and
answer data to determine to what extent the teacher promoted scientific literacy. The educational
psychologist/researcher coded the observations using a scheme noting the number of
instructional strategies linked to science reform documents during the lesson. The expert
teacher/researcher wrote a narrative description of the lesson, focusing on teaching approaches
and student replies. The researchers analyzed each teacher separately and found what the
teachers believed was occurring in their classroom practices in terms of inquiry varied greatly
from what was actually observed. While the teacher believed they were acting as facilitators in
the classroom while their students participated in hands-on activities, the teachers primarily
utilized expository methods of instruction through textbook work. The researchers linked this to
the teachers’ limited content and pedagogical knowledge in science. The teachers rarely
promoted higher-thinking skills in their classrooms, which the researchers attributed to the
teachers’ limited classroom management skills.
Haney and McArthur examined the constructivist teaching practices of four pre-service
science teachers through the case study method in 2002. The authors sought to determine if the
classroom practices of the pre-service teachers were consistent with their constructivist beliefs.
To purposefully select the four participants, the authors administered the Classroom Learning
Environment Survey (CLES) to all the pre-service teachers in a secondary science methods
course at the beginning and end of the semester. The CLES allowed the researchers to assess the
level of constructivist beliefs for each pre-service teacher. From the pre and post CLES results,
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the researchers selected four participants: one with the lowest constructivist beliefs, two with the
highest constructivist beliefs, and one with the greatest change over the semester. The authors
then collected data from the four participants in a variety of ways, including written documents
like lesson plans, observations of participant selected constructivist lessons, and semi-structured
interviews. They then coded the data using the core belief categories of constructivist, conflict,
and emerging, along with any peripheral beliefs. The authors conducted member checking one
year after the first set of interviews was completed. From their data analysis, the researchers
concluded it is important for teacher educators to explore the developing beliefs of pre-service
teachers, so they will know whether the pre-service teachers are ready to implement reform
efforts, like constructivist teaching. They determined that since cooperating teachers play an
important role in developing the practice of pre-service teachers, it is important to match the
beliefs of the pre-service and cooperating teachers when assigning their student teaching
placements.
In 2006, Warwick and Siraj-Blatchford presented their action research case study project
that used secondary data to study the procedural understandings of primary school children. The
authors presented this secondary data in the forms of tables and graphs and related them to data
collected by the students themselves. They presented this secondary data as either the work of
scientists or the work of other students. The research project took place over one school year in
large cities in England of mixed SES, with four classes of students, ages 7-10 years, serving as
the cases. Each class conducted a different “fair test” investigation chosen because the students
could show their understanding of various elements of the experiments while discussing them
with the researchers. The elements discussed included “fair testing, the control of variables,
accuracy, repeatability, and the graphing of results” (Warwick & Siraj-Blatchford, 2006, p. 446).
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The authors collected data from each case through student interviews (three to four groups per
class), a thick description of one lesson, the written work of the students and a teacher interview.
The student groups interviewed included at least one high achieving, one average achieving, and
one low achieving student. The researchers developed and utilized a coding matrix to analyze the
data into three areas: questioning the data and science knowledge claims, questioning the data
and procedural understanding, and understanding of science as a cooperative/collaborative
enterprise. From their analysis, the authors found the use of secondary data motivated the
students to raise and address questions through comparison of their data to the secondary data.
They found use of cooperative groups allowed the students to attempt to derive meaning from
the data. Students in this study accounted for the differences in their data and the secondary data
by looking at their procedures and the procedures used to gather the secondary data. Within this
small study, the researchers saw the oldest group of children was more aware of the significance
of differences in the data and some were able to see themselves as part of a community of
scientists. In contrast, one of the middle groups of children showed little sign their work was
“real science”, while the youngest group of children was more likely to use the secondary data as
a way of checking their work for errors. This study implied comparing data within an
investigation can engage students in a more “dialogic approach to scientific problem solving (pg.
459).” It implied this type of comparative analysis mirrors the collaborative nature of science and
works best in a contextualized inquiry approach.
In their case study of pre-service teachers, Leonard, Barnes-Johnson, Dantley, and
Kimber (2011) focused on how pre-service teachers implemented science inquiry in urban
classrooms, along with how their teacher efficacy and beliefs impacted their use of inquiry in
their classroom practices. The authors focused on two cases over a two-year period, using both
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qualitative and quantitative methods of data collection and analysis. Participants recruited were
minority or female students with a minimum GPA of 3.0 and thirteen of these students
completed the study. Quantitative data sources included the Science Teacher Inquiry Rubric
(STIR) and the Science Teaching Efficacy and Belief Instrument (STEBI-B), and qualitative
sources included “field notes, lesson plans, transcripts of videotaped workshops, videotapes and
transcripts of lessons taught during student teaching, and structured exit interviews” (Leonard,
Barnes-Johnson, Dantley, & Kimber, 2011, p. 128). The authors analyzed these qualitative
sources of data using the constant-comparative method. They utilized the STIR during classroom
observations, and gave the STEBI-B to the participants before and after an intervention designed
to influence both their content knowledge and inquiry-based classroom practices. This
intervention included a semester long methods course with practicum, workshops, innovative
curriculum and materials, and a community-based internship. In their presentation of case studies
of two of the pre-service teachers, the authors provided and analyzed vignettes from the
classroom observations to classify their inquiry practices as structured, guided, or open. The
authors provided and analyzed excerpts from the workshops and structured interviews to reveal
the pre-service teachers’ beliefs about inquiry and their attitudes toward science learning, in
comparison to their STIR and STEBI-B scores. From their analysis, the authors found
interventions like workshops and internships do not always lead to vigorous inquiry practices.
They found science efficacy beliefs of pre-service teachers are flexible, and are influenced by the
school environment and cooperating teachers. Finally, the authors found strong content
knowledge is a key factor for engaging students in science inquiry, along with field experiences
allowing pre-service teachers to practice using inquiry in actual classrooms.
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While case studies in educational research literature are plentiful, phenomenological
studies in science education are less common. However, according to Ostergaard, Dahlin, and
Hugo (2008), phenomenology allows for the connection of theory and practice in science
education. For researchers, “phenomenology in science education seems to be a not-yetdiscovered valley” (p. 115). Since the literature contains few examples of the use of
phenomenological methods in science educational research or educational reform research, the
researcher in this study chose the following phenomenological studies of other educational issues
for review.
In her phenomenological case study, Sumsion (2002) followed an early childhood
educator for seven years through her pre-service training, her time in the classroom, and her
decision to leave the field. The author utilized metaphor analyses to construct meaning from the
educator’s lived experiences during the study. The educator in this study wanted to be a teacher
“as long as she could remember” and entered a three-year pre-service program after graduating
from high school. This program emphasized reflective practice and allowed students to make
meaning of their experiences in light of their personal and professional beliefs. Once the
educator graduated from this program, she taught 6- to 7-year olds in a small, suburban
elementary school for four years. She then moved to a rural, full day preschool, where she taught
3- to 4-year olds. The researcher conducted numerous in-depth conversational interviews over a
seven-year period, the first of which occurred three weeks after the educator began the preservice program. She conducted at least four interviews each year in various locations, and asked
open-ended questions so the educator could reflect on her experiences. Often the researcher
would ask the educator to make meaning from her experiences through the creation of drawings,
many of which were included in the study, along with excerpts from the interviews. Upon
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analysis the researcher noted, as a collection, the educator’s metaphors remind us of the
“complexities of the challenges encountered by early career teachers and the responsibilities of
teacher educators to prepare prospective teachers for these challenges” (Sumsion, 2002, p. 882).
While the researcher noted one case study could not be used to make generalized prescriptive
statements, she did offer some direction for future studies into teacher attrition, including the
impact of the educator’s context/work environment on their retention or attrition.
Ganeson and Ehrich presented seven themes regarding the transition of students into high
school in a 2009 phenomenological study. The authors chose a phenomenological psychological
approach to their study because of their desire to discover insights into understanding human
experiences. For their data collection, the authors asked sixteen students to record their
experiences in journals during their first ten weeks of high school. During the ten-week period,
the authors collected and photocopied the journals weekly. Analysis of the journal entries
occurred at the end of the ten-week period, using a four-step process for phenomenological
psychological studies. Since the majority of the students recorded several experiences into their
daily journal entries, the authors assigned each experience a number, and over the ten-week
period, they identified and analyzed 207 experiences for themes. Seven themes were identified
through the analysis, including “peers…can help or hinder a smooth transition from primary to
high school” and “teachers attitudes/abilities can affect student integration into high school”
(Ganeson & Ehrich, 2009, p. 68). The authors concluded the transition to high school could be
eased through peer and teacher support, along with programs and activities designed to make the
students feel like they belong while reducing their fear of a new environment.
Ottenbreit-Leftwich, Glazewski, Newby, and Ertmer (2010) investigated the beliefs
underlying teachers’ implementation of technology to promote student-centered learning into
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their classroom practices utilized in their hermeneutical phenomenology study. In their review of
the literature, the authors noted while the research community supports student-centered uses of
technology, like inquiry and collaboration, only a small number of teachers actually utilize
technology in this way. Instead, it is more common for teachers to use technology in a manner
supporting their existing, teacher-centered practices. The authors noted research shows teachers’
actual use of technology is often in conflict with their perceived or described usage. Because the
researchers desired to understand the phenomenon of technology integration practices and the
value beliefs that influenced those practices through the experiences of their participants, they
utilized hermeneutical phenomenology for this study. In this method, the researcher must
acknowledge their preconceptions and experiences, in order to explain how they influenced the
study. The authors chose to conduct a two-phase, multiple case study, in which the data for each
teacher was analyzed as one case before the cross-case comparisons were made. Participants
were selected using convenience, purposeful sampling from a group of teachers recognized for
their integration of technology through the Michigan Consortium for Outstanding Achievements
in Teaching with Technology (MCOATT).
Eight female teachers from the thirty-one MCOATT awardees volunteered to participate
in the data collection, which included interviews, observations, and electronic teaching
portfolios. Prior to the classroom observations and interviews, the researchers reviewed each
teacher’s MCOATT electronic portfolio to collect information on the teacher’s beliefs and
practices, and to develop prompts for interview questions. The researchers completed all school
visits within a two-week period, and conducted the observations and interviews during this time.
Participants prepared an exemplary lesson demonstrating the use of technology for the
observations, which researchers documented through field notes, researcher interpretations, and
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videotapes. The interviews’ primary purpose was to investigate the participants’ values related to
technology usage, and lasted anywhere from 24 to 117 minutes. For transcription purposes, the
researchers recorded the interviews as well. The authors first analyzed each case individually,
and then conducted a cross-case analysis using the constant comparative method, where initial
codes were developed, then later revised or combined. From their analysis, the authors concluded
the teachers used technology to meet their professional needs, like facilitating classroom
organization and engaging in professional development. The teachers used technology to address
student needs, like engaging students and promoting higher-order thinking. The authors noted
since teachers’ use of technology relates to their value beliefs, professional development
programs should include a focus on teacher value beliefs to be more effective. They noted
teachers do not implement technology unless they can see how it works in their classroom, so it
is important to introduce new technologies in context.

The Concerns Based Adoption Model. The Concerns Based Adoption Model (CBAM),
developed in the 1970s, was based on the work of Frances Fuller and others focused on the
innovation approach to educational change. Fuller’s work in 1969 placed teachers’ concerns
regarding change on a continuum that started with concerns about self and ended with concerns
about student impact. Fuller later classified these concerns about change into four major groups
of concern: unrelated, self, task, and impact. While pre-service teachers often express unrelated
concerns early in their studies, and self-concerns later in their studies, beginning teachers
typically convey more task concerns. Experienced teachers express impact concerns most often,
since they focus on how their teaching influences students and how they can improve their
practice (Hall & Hord, 1987). The CBAM researchers believed “change begins with the
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individual…and focused its early efforts on understanding what happens to teachers and college
faculty when presented with a change” (George, Hall, & Stiegelbauer, 2006, p. 1).
These researchers took the concerns related to change and developed seven Stages of
Concern (SoC) related to the adoption of an innovation: unconcerned, informational, personal,
management, consequence, collaboration, and refocusing. Earlier concerns about innovations,
like informational and personal, must be resolved before later concerns, such as consequence and
collaboration can emerge. These “higher-level” concerns develop over time, as implementers
have successful experiences and gain new knowledge and skills related to the innovation
(George, Hall, & Stiegelbauer, 2006). The original SoC questionnaire contained 195 items,
which were reduced to 35 items after a pilot study in 1974. The researchers validated this revised
SoC questionnaire through “inter-correlation matrices, judgment of concerns based on interview
data, and confirmation of expected group differences and changes over time” (George, Hall, &
Stiegelbauer, 2006, p. 12). According to James (1981), during the initial implementation of an
innovative practice, the lower level “self” concerns of unconcerned/awareness, informational,
and personal, are most powerful. As implementation continues, “task” concerns of management
come to the forefront. Over time, the “impact” concerns of consequence, collaboration, and
refocusing are the most intense. In addition to the SoC, the researchers developed a Levels of
Use (LoU) interview protocol, to determine to what extent an innovation was used. Researchers
developed a third instrument called the Innovation Configurations (IC) tool, to assist change
facilitators in describing the diverse forms an innovation can take (George, Hall, & Stiegelbauer,
2006). Numerous researchers have used the CBAM instruments in their science education
studies. The following provides a discussion of three such studies.
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In their study, Kelly and Staver (2005) used the case study method to examine the
processes used during the implementation of a new elementary science curriculum by a
Midwestern school district in the United States. Using a case study allowed the authors to “make
an intensive, in-depth examination of the district’s adoption and implementation process and to
discover characteristics of those processes” (Kelly & Staver, 2005, pp. 28-29). The authors
gathered multiple sources of data using multiple methods to “guard against bias and to improve
the trustworthiness of the study” (p. 29). The authors conducted semi-structured interviews
including “background, experience, opinion, knowledge, sensory and feeling questions” (p. 30).
The authors utilized the SoC questionnaire from the CBAM three times during the study.
According to Kelly and Staver, the SoC questionnaire is a “reliable and valid survey instrument
for measuring stages of concern about an innovation” and “can be used to identify and
characterize the various kinds of concerns of teachers involved with innovation” (2005, pp. 2930).
Data from the CBAM directed the interview stage of the data collection. The authors
developed and used three interview protocols; one for the curriculum coordinator in charge of the
implementation; one for teachers on the adoption committee; and one for classroom teachers
involved in the implementation. Questions in the protocols were open-ended to allow for a
wider-range of responses. The authors used the classroom teacher interviews to confirm themes
discovered during the coordinator’s and committee members’ interviews. In addition to the SoC
questionnaire and interviews, the first author, a participant observer, took extensive field notes
and kept a reflective journal during the study. During data analysis, Kelly and Staver (2005)
produced stages of concern profiles using the SoC quantitative data for individual teachers and
the group. They analyzed the free-response section of the SoC questionnaire and interviews for
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themes where three major themes emerged: implementation, management, and effects on
students.
Sevilla and Marsh (1992) used all portions of the CBAM in their study of the
implementation of Project SEED (Science for Early Education Development). In this study, the
authors interviewed and observed teachers in 20 Project SEED schools in the Pasadena Unified
School District in California, using the SoC questionnaire along with the other two CBAM tools,
the LoU and the IC. The SoC provided patterns of initial implementation and helped refine other
instruments used in the study. The LoU interviews showed most teachers were in the
“mechanical use” level of implementation. The IC interviews illustrated an even split between
the “just getting started” and the “successful” patterns of use. After analyzing the data collected,
Sevilla and Marsh (1992) concluded the teachers’ concerns about inquiry peaked early during the
implementation process while their actual use focused on mechanical problems like time
management. They concluded the teachers implemented only the less-demanding aspects of the
inquiry program.
In her article, Hollingshead (2009) used some of the CBAM components to evaluate the
implementation of a character education program in a Texas school district. Hollingshead asked
counselors to administer a modified SoC questionnaire to teachers in their schools at the
beginning of the program implementation. The author then analyzed results of the SoC for
schools with a 50% response rate or better using mean scores for individual teachers and grand
mean scores for each school. To determine how the teachers were using the program,
Hollingshead asked counselors to utilize the LoU interview protocol, and then analyzed the
results using an IC map.
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Observation instruments. There is a multitude of instruments in the educational literature to
observe science teachers and their classroom practice. These instruments include, but are not
limited to the following:











The Science Classroom Observation Form (Butt & Wideen, 1974);
The Science Teacher Observation Schedule (Dunkerton & Guy, 1981; Hacker, 1988; St
& Neill, 1983);
The Expert Science Teaching Educational Evaluation Model (Burry-Stock & Oxford,
1994);
The Secondary Science Teaching Analysis Matrix (Adams & Krockover, 1999);
The Inside the Classroom Observation and Analytic Protocol (Horizon, 2002);
The Science Management Observation Protocol (Sampson, 2004);
The Inquiry Science Observation Coding Sheet (Brandon, Taum, Young, & Pottenger,
2008);
The Teaching Science as Inquiry Instrument (Smolleck & Yoder, 2008);
The Discourse in Inquiry Science Classrooms (Baker, et al., 2009); and
The Inquiry Science Implementation Scale (Brandon, Young, Pottenger, & Taum, 2009).

For this study, the researcher chose to focus this portion of the literature review on four
observation protocols focusing on reformed teaching practices, like inquiry-based methods of
teaching and learning: (1) The Classroom Observation Protocol for Inquiry-Based Teaching and
Learning, (2) The Reformed Teaching Observation Protocol; (3) The Science Teacher Inquiry
Rubric; and (4) The Electronic Quality of Inquiry Protocol.
In their paper, Young, Brett, Squires, and Lemire (1995) compiled four studies from a
symposium on the use of the Classroom Observation Protocol for Inquiry-Based Teaching and
Learning (COPIBTL) as a tool for assessing teaching and learning. The researchers developed
the instrument for the National Center for Improving Science Education to study the outcomes of
the Department of Energy’s Teacher Research Participation program, which sought to help
teachers transfer their knowledge gained from the program to their students. Researchers studied
instruments such as the Science Classroom Observation Record as models, but none addressed
the program’s needs of providing a “snapshot” of classrooms before and after the program, and
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of observing behaviors instead of making inferences. A literature review helped the authors
pinpoint behaviors that “distinguish teachers who support inquiry-based teaching and learning
and resultant student behaviors” (Young, Brett, Squires, & Lemire, 1995, p. 5). These behaviors
included the teacher acting as facilitator, providing open-ended questions to answer during
investigations, and using assessment that tests for understanding. For students, these behaviors
included using reasoning and experimentation to answer questions, and working with other
students. The researchers tested the COPIBTL tool in ten classrooms using inter-rater reliability
with two observers. Interest in the tool allowed for further revising and testing in more science
classrooms, along with mathematics and technology classrooms. No mention was made of the
content validity of the tool. The researchers developed the final version of the COPIBTL through
training of 24 Department of Energy precollege staff using videotaped classroom observations to
establish inter-rater reliability. The researchers utilized this version of the COPITBL to assess the
quality of a K-8 mathematics and science staff development program, to identify effective
components of a critical-thinking university course, and to evaluate a course for human resource
specialists.
The Reformed Teaching Observation Protocol (RTOP) was designed by the Evaluation
Facilitation Group of the Arizona Collaborative for Excellence in the Preparation of Teachers
(ACEPT) project, whose mission is to “improve the preparation of science and mathematics
teachers in elementary and secondary schools” (Piburn, et al., 2000, p. 4). The ACEPT project
developed the RTOP to determine the qualities that define reformed teaching using research
literature on mathematics and science education, along with the National Science Education
Standards and the National Council of Teachers of Mathematics standards. Researchers wrote
the original version of the RTOP in 1998 using language focused primarily on science teaching.
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They revised the language of the 25-item protocol, but organized the items into three sections:
lesson design and implementation, content, and classroom culture. The researchers then
subdivided the content section into propositional knowledge and procedural knowledge, and
subdivided the classroom culture section into communicative interactions and student/teacher
relationships (Piburn, et al., 2000; Sawada, et al., 2002). Additional sections allowed space for
the researcher to record background information, contextual background and activities, and
descriptions of the events occurring during the observation. The researchers established interrater reliability for the RTOP by viewing videotaped lessons presented by exemplar math and
science teachers at the elementary and secondary levels. They calculated reliability estimates
using a best-fit linear regression of the section scores and overall scores using observations of the
same classrooms from two separate observers. Using 32 data points, the researchers estimated
the reliability with an r-squared value of 0.954. This indicated paired observers are able to obtain
high reliabilities using the RTOP (Sawada, et al., 2002). The researchers completed this process
for a set of physics and math observations, as well as a set of biology observations. The
researchers established face validity for the RTOP from documents published by the National
Council of Mathematics, The National Academy of Science, and the American Association for
the Advancement of Science. They established construct validity in terms of “inquiryorientation” by calculating the r-squared value for each of the five sub-sections of the RTOP,
then by performing a linear regression of the total RTOP scores against the sub-section with the
highest r-squared value. This linear regression provided an r-squared value of 0.969, which
supported the construct validity of the RTOP instrument. Finally, the researchers established
predictive validity by testing the RTOP instruments in four different community colleges and
universities, through different content areas, with multiple professors who attended the ACEPT
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workshops and multiple professors that did not. According to Sawada, et al. (2002), the RTOP is
standards-based, inquiry-oriented, and student-centered, and helps answer the question “how
would you know if a mathematics or science classroom was reformed?” (p. 246).
In 2003, Bodzin and Berrer designed the Science Teacher Inquiry Rubric (STIR) to help
teachers through the process of implementing inquiry-based practices into their science
classrooms. The researchers derived the STIR from the Web-Based Inquiry for Learning Science
Instrument around the five essential features of inquiry presented by the NRC in 2000:






Learners are engaged by scientifically oriented questions;
Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions;
Learners formulate explanations from evidence to address scientifically oriented
questions;
Learners evaluate their explanations in light of alternative explanations, particularly
those reflecting scientific understanding; and
Learners communicate and justify their proposed explanations (p. 25).

The goal of the STIR was to take these five essential features and translate them into
descriptors could be used in classroom observations, and the language of the STIR was meant to
make it appropriate for a wide range of users, although it was “primarily intended to accompany
inquiry-based science professional development” (Bodzin & Beerer, 2003, p. 45). The
researchers piloted the STIR with two observers rating five middle school teachers with
elementary certification and five secondary teachers in a suburban school district during their
inquiry instruction. The teachers were randomly selected, and agreed to participate in the pilot
process. The teachers taught as they usually would and received the STIR protocol prior to their
observation in order to help alleviate any anxiety. The observers used the first two lessons as a
training session, and then rated and correlated the remaining lessons for inter-rater reliability.
The researchers confirmed the content validity of the STIR using the Delphi technique, in which
three science teachers with experience in using inquiry-based methods reviewed, evaluated, and
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offered feedback on the protocol. Results of the validation and reliability process showed, while
the STIR was not useful for teacher self-assessment, it is effective as an observation tool for
those who wish to assess teachers’ use of inquiry in their classrooms.
In their paper, Marshall, Smart, and Horton (2009) described the development and
validation of the Electronic Quality of Inquiry Protocol (EQUIP). According to the authors, none
of the available observation protocols in the literature met their needs of “guiding teachers as
they “plan and implement inquiry-based instruction” and “assessing the quantity and quality of
inquiry instruction” (Marshall, Smart, & Horton, 2009, p. 300). The EQUIP was developed over
multiple semesters for use with a professional development program provided for a high needs
school district by a major research university. During the first semester of the program the initial
EQUIP protocol was developed, inter-rater reliability was determined through a pilot, and
descriptive rubrics were created to help distinguish among the various levels of inquiry
proficiency. During the second and third semester, the researchers created descriptive rubrics for
each item assessed on the EQUIP, in which four levels of inquiry instruction were set: preinquiry/level 1, developing/level 2, proficient/level 3, and exemplary/level 4. They reorganized
the protocol into seven sections. During semester four, the EQUIP was tested in 102 observations
over five months in middle school science and math classrooms, with four observers completing
paired and individual observations. Paired observers met immediately following their
observations, and the entire group of observers met weekly to discuss any issues with the
protocol. Inter-rater reliability was determined using linear regression, and face validity, internal
consistency, content validity, and construct validity were established. The authors note the
EQUIP was designed to be useful to program reviewers, researchers, teacher leaders, and
practicing teachers in math and science classrooms.
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Interviewing. In terms of data collection, “one of the most important sources of
information in a case study is the interview” (Yin, 2009, p. 106). As noted by Seidman,
“interviewing allows us to put behavior in context and provides access to understanding” (2006,
p. 10). According to Patton, there are three basic approaches to collecting data through
interviews: (1) the informal conversational interview, (2) the general interview guide approach,
and (3) the standardized open-ended interview. Each of these interview techniques involve a
“different type of preparation, conceptualization, and instrumentation”, has “strengths and
weaknesses”, and “serves a somewhat different purpose” (2002, p. 342). In the informal
conversational interview, the questions are more spontaneous and result from the flow of the
conversation. In the general interview guide approach, the interviewer outlines a set of issues
prior to the interview, which serves as a checklist to address the main points. Carefully worded
questions in the standardized open-ended interview prevent each participant getting the same
questions in the same order with the same words. In 2006, Seidman presented another model of
in-depth, phenomenological interviewing. This type of interviewing uses open-ended questions
that build upon the participants’ responses, with the goal of having the participant “reconstruct
his or her experiences with the topic under study” (p. 15).
There are numerous studies in the educational research utilizing interviewing as a portion
of the data collection process. A sampling of such studies is discussed here. In one such study,
Flowerday and Schraw (2000) interviewed 36 practicing teachers in an effort to understand
choices teachers offer to their students. The researchers conducted open-ended interviews with
eight pilot teachers, and then developed a revised interview protocol based on feedback from the
pilot. The researchers used this revised protocol to obtain written feedback from the teachers,
and then again, to conduct in-depth, one on one interviews with the participants. The researchers

81

recorded and transcribed the interviews, so they could code them for statements regarding the
participants’ experiences and beliefs about choice. Using phenomenological methods, the
researchers analyzed their data at the levels of descriptive, thematic, and interpretive analysis. To
triangulate the data, the researchers compared data from the pilot study to data from the full
study, and compared data from the written and verbal feedback from the interview protocol.
They asked participants to review interpretations for accuracy and clarification, and conducted
member checking with three additional teachers who were not part of the original participant
pool.
Kelly and Staver (2005) utilized interviews in their case study of a school system’s
implementation of a standards-based K-6 science curriculum. Protocols for the interviews were
semi-structured, and included questions related to “background, experience, opinion, knowledge,
sensory, and feeling” (Kelly & Staver, 2005, p. 30). After interviewing the curriculum
coordinator to test their protocol, the authors revised their protocol before interviewing members
of the adoption committee. A third protocol was developed to enhance some of the previous
questions asked, and was used to interview two teachers who had implemented the program. The
researchers selected these teachers based upon the analysis of their responses to the SoC
questionnaire. They transcribed the interviews verbatim and analyzed interview data using open
coding, so themes could emerge during the analysis process. The researchers analyzed each
question across all participants to create clusters, which they then reduced to categories to be
more specific. The authors triangulated the data by utilizing the constant comparative method
with classroom teacher data to adoption committee data, along with field notes, reflective
memos, researcher journals, and CBAM data.
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In another case study of elementary science classrooms, King, Shumow, and Lietz (2001)
collected interview data along with classroom observations to compare self-reported teacher
behavior with their actual practices. The researchers interviewed all four participants to elicit
their perceptions of their classrooms and students. During the semi-structured interviews, the
teachers shared their thoughts about their curriculum, common activities, and classroom practice,
including the impact of mandated testing. Other questions provided insight into the participants’
thoughts about their students, their backgrounds and experiences, and their meaning of inquiry.
The researchers transcribed all of the interviews verbatim, and used excerpts from the interviews
along with data from observations to interpret the findings for each teacher in terms of
implementing effective science teaching.

Curricular materials. The level of inquiry in science curricular materials can vary,
depending upon the degree of student self-direction and of teacher or material direction. As
discussed by various authors (Blanchard, et al., 2010; Colburn, 2000; Sunal, Sunal, Sundberg, &
Wright, 2008), there are four levels of inquiry. These levels include (1) level zero, confirmation,
verification, or direct instruction; (2) level one, or structured inquiry; (3) level two, or guided
inquiry; and (4) level three, or open inquiry. During direct instruction or confirmation, the
teacher or materials provide the question, data collection methods, and interpretation of results.
The students merely perform the exercise to confirm the concept presented. In structured inquiry
the student is required to interpret the results from a pre-planned activity, but the teacher or
materials provide the question and the data collection methods. During guided inquiry, the
teacher or material provides the question, but the student collects the data and interprets the
results. In open inquiry, the student provides the question, chooses the materials, plans the
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procedure, collects the data and analyzes it, and interprets the results. It is possible to evaluate
curricular materials for their inquiry potential and their ability to increase the science
achievement of students using the Assessment of Inquiry Potential (AIP) process.
The AIP process defined inquiry as a strategy that:
(1) is devoid of authoritarian answers to science questions;
(2) provides empirical verification by students of knowledge claims (uses research-based
evidence);
(3) involves active student investigations with diverse materials in a variety of settings;
(4) includes student participation in all phases of knowledge generation at their
(developmental) level; and
(5) involves the complete inquiry process-assuming, observing, inferring, hypothesizing,
testing, and revising ideas and concepts on the basis of new information (Sunal,
Sunal, Sundberg, & Wright, 2008, pp. 18–19).
The first step in the AIP process is to select the curricular materials to be analyzed for inquiry
potential. Next, select at random 40 or more sentences from one chapter or unit for in-depth
analysis. Then, use questions 1-9 on the AIP questionnaire to classify each sentence in the
sample and tabulate the results to determine the quantity of inquiry potential in the curricular
materials. Finally, use questions 10-14 on the AIP questionnaire to examine any experiential
knowledge claims for their level or quality of inquiry potential (Sunal, 2009).

Chapter Summary
The relevant research in this chapter provided a context for the direction and the
methodology of this study. An overview of the key research literature is summarized in a chart
found in Appendix A. In response to a lack of studies focused on the sustainability of inquirybased methods of teaching and learning in middle school science classrooms, the researcher
developed the research questions for this study. The literature provided extensive research into
the implementation of reformed teaching in science, as well as the benefits of implementing
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inquiry-based methods as the type of reform. However, as Aydeniz and Southerland (2012)
noted, many teachers do not “make a conscious effort to use instructional practices (i.e., inquirybased teaching) that are promising in promoting the learning outcomes advocated by the recent
science education reform documents” (p. 248). Therefore, the purpose of this study was to
discover how individual teachers of middle school science in the AMSTI program sustain their
use of inquiry-based methods of teaching and learning.
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CHAPTER 3
METHODOLOGY
Chapter Introduction
As presented in the previous chapter, the research literature contains many studies related
to the reform process in science education, and the implementation of inquiry as a type of
science education reform. There are numerous studies on the benefits of inquiry and the status of
today’s middle school science classrooms. However, there was little research found on the
sustainability of inquiry-based methods of teaching and learning in middle school science
classrooms. This chapter describes the qualitative research design and methodology used to
investigate the research questions for this study: (1) what level of inquiry do individual AMSTI
middle school science teachers utilize in their classrooms; (2) how do individual AMSTI middle
school science teachers’ experiences with inquiry influence their ability to sustain inquiry-based
methods in their classrooms; (3) how do individual AMSTI middle school science teachers’
beliefs about inquiry influence their ability to sustain inquiry-based methods in their classrooms;
and (4) how do individual AMSTI middle school science teachers’ understandings of inquiry
influence their ability to sustain inquiry-based methods in their classrooms? This chapter
includes a discussion of the following: (1) researcher’s phenomenological lens; (2) setting; (3)
participants; (4) data collection; and (5) data analysis.
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Researcher’s Phenomenological Lens
In phenomenology, the researcher identifies a phenomenon with which study participants
have had experience, then collects data to develop a description of the real meaning of the
experience including the “what” and “how” for all of the participants (Creswell, 2007, p. 58). As
noted by Moustakas (1994), the researcher is the instrument who collects and interprets the data
about the phenomenon through a particular phenomenological lens. To get at the “essence” of
the meaning of shared experiences, the researcher of this study used phenomenological
interviews as the primary source of data collection. Prior to this portion of the data collection, the
researcher examined her own experiences with the phenomenon, in order to become more aware
of personal biases and assumptions, as suggested by Merriam (2009). Additionally, in
phenomenological research, the first step in the simplified Stevick-Colaizzi-Keen method of
analysis is for the researcher to describe “personal experiences with the phenomenon under
study” in an attempt to “set aside the researcher’s personal experiences, so that the focus can be
directed to the participants in the study” (Creswell, 2007, p. 159). This section describes the
researcher’s phenomenological lens based on her previous role as a classroom teacher and her
experiences through her current role as a chemistry specialist for the high school component of
the AMSTI program.
The researcher for this study has been a science educator for 14 years. In her prior role as
a high school chemistry teacher, the researcher’s primary goal was to improve the scientific
literacy of her students while teaching them to become critical learners through the content of
chemistry. As a novice high school science teacher, the researcher lacked pedagogical training in
science teaching, and as a result relied on the traditional methods learned through her
experiences as a student. The researcher gradually realized, through sources such as the National
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Science Education Standards and early experiences as a teacher, that traditional methods did not
provide the appropriate learning opportunities needed for all of her students to become
scientifically literate. Advanced coursework in science education pedagogy allowed the
researcher to learn how inquiry-based methods of teaching and learning support the
constructivist theory in classroom practice. During the initial stages of implementation, the
researcher struggled with making such major changes to her teaching practice. However, over
time the researcher noted students’ attitudes towards learning science improved, and that their
science achievement improved as well. These improvements encouraged the researcher to work
through the initial implementation struggles and to sustain the transition from traditional to
inquiry-based methods of teaching and learning. At the time of the study, the researcher worked
as a chemistry specialist at one of the eleven AMSTI sites in Alabama. In this role, the researcher
worked with chemistry specialists at the other AMSTI sites to revise the program’s more
traditional labs into inquiry-based lessons. The goal was to train participating high school
teachers in Alabama to use these inquiry lessons in their classrooms and provide them with the
support needed to implement this new practice and help them sustain it as well.

Setting
According to Yin (2009), case studies are preferred when “how and why questions are
being posed, the investigator has little control over events, and the focus is on a contemporary
phenomenon within a real-life context” (p. 1). The real-life context in this research study was the
AMSTI program at the middle school level (grades 6-8), while the phenomenon was the
participants’ continued use of inquiry-based methods of teaching and learning beyond the
implementation phase into the sustaining phase. The researcher chose middle school teachers in
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the AMSTI program for this study, because of the large pool of potential participants in the
AMSTI program (approximately 800 teachers statewide), and because the researcher does not
work directly with any middle school teachers as a chemistry specialist with the AMSTI
program.
As discussed in the previous chapter, the Alabama State Department of Education
developed the AMSTI initiative in response to lower than average scores on the 1996 National
Assessment of Educational Progress (NAEP), and implemented the program in 20 schools during
the 2002-2003 school year. The AMSTI program added schools each year, and by 2009,
approximately 40% of schools in Alabama were AMSTI schools. The AMSTI Theory of Action
suggests, “in order to improve student achievement, teacher instructional strategies should
include higher levels of hands-on, inquiry-based instruction” (Newman, et al., 2012, p. xx).
Figure 10 summarizes the AMSTI Theory of Action.
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Figure 10: AMSTI Theory of Action. Adapted from “Evaluation of the Effectiveness of the
Alabama Math, Science, and Technology Initiative (AMSTI): Final report,” by D. Newman, et
al., 2012, p. 4. Copyright 2012 by the U.S. Department of Education.

The AMSTI program delivers each component in its Theory of Action over a two-year period to
at least 80% of mathematics and science teachers in participating schools. This 80% participation
is required for schools to participate in the AMSTI program. Table 4 describes the elements of
each AMSTI Theory of Action component.
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Table 4
AMSTI Components and Corresponding Elements
Component

Elements

Professional development












Program materials, technology, and other
resources
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Teachers and principals participate in twoweek summer institutes at which they are
trained in the AMSTI curriculum, which
focuses on increasing teacher contentknowledge and hands-on, inquiry-based
instruction.
Elementary school teachers attend one
week of training for AMSTI mathematics
and one week for AMSTI science.
Secondary school teachers attend two
weeks of AMSTI training for their subject
area and grade level.
Teachers attend summer institutes for two
consecutive years, during the summers
before and after their first year of
classroom implementation.
Summer institutes are taught by master
teachers who are AMSTI certified at one of
the AMSTI sites.
Trainers use content- and grade-specific
instructional methods.
Trainers model lessons of hands-on,
inquiry-based instruction.
Teachers receive follow-up or on-site
professional development during the school
year.
Teachers are provided with all materials
needed to deliver hands-on, inquiry-based
instruction.
Program materials include teacher guides,
student guides, participant manuals (grade
and subject specific and aligned with the
Alabama Course of Study), student
assessments, software, and various toolkits
composed of manipulatives and hands-on
activities.
Hands-on materials and manipulatives are
rotated among schools in bins or “kits”
delivered to schools by AMSTI sites and
picked up for complete refurbishment.

In-school supports



AMSTI site specialists are available for onsite mentoring to help teachers implement
lessons throughout the school year.
 Schools designate one teacher to receive
additional training and serve as the schoolbased AMSTI lead teacher and AMSTI
liaison. The lead teacher provides
mentoring to newly trained faculty and
serves as one conduit for communication
with AMSTI sites.
 AMSTI schools hold regularly scheduled
sessions at which “learning teams” or
“study groups” of AMSTI teachers within a
school meet to plan and discuss AMSTIrelated issues and student responses.
Note. Adapted from “Evaluation of the Effectiveness of the Alabama Math, Science, and
Technology Initiative (AMSTI): Final Report,” by D. Newman, et al., 2012, p. 5. Copyright 2012
by the U.S. Department of Education.

In an effort to support the AMSTI mission to “provide all students in grades K-12 with the
knowledge and skills needed for success in the workforce and/or postsecondary studies”
(AMSTI, 2010, Welcome to AMSTI section, para. 1), the eleven AMSTI sites collaborate with
local universities or colleges; provide summer training and ongoing professional development;
and store, refurbish, and distribute materials to all participating schools in their region.

Participants
After approval from the Institutional Review Board (Appendix B), the researcher invited
all active grade 6-8 teachers in the AMSTI program (approximately 800 teachers statewide) to
complete a demographic survey, along with the Stages of Concern (SoC) questionnaire. The
researcher selected only middle school teachers for this study because of their common use of
the Science and Technology Concepts for Middle Schools curriculum, which has been studied in
prior educational research on the implementation of inquiry. In addition, the researcher selected
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middle school science teachers to avoid a conflict of interest, as she worked directly with the
high school teachers in the AMSTI program. The researcher selected the SoC questionnaire to
help determine where the respondents fell on the AMSTI implementing/sustaining continuum.
According to James (1981), during the initial implementation of an innovative practice, the lower
level “self” concerns of unconcerned, informational, and personal are most powerful. As
implementation continues, “task” concerns of management come to the forefront. Over time, the
“impact” concerns of consequence, collaboration, and refocusing are the most intense. Earlier
concerns about innovations, like informational and personal, must be resolved before later
concerns, such as consequence and collaboration can emerge. These “higher-level” concerns
develop over time, as implementers have successful experiences and gain new knowledge and
skills related to the innovation (George, Hall, & Stiegelbauer, 2006).
The initial participant recruitment letter (Appendix C) was sent via email at the beginning
of the 2011-2012 school year, and a reminder email was sent two weeks later, then four weeks
later. The researcher closed the survey, which contained demographic questions (Appendix D)
and SoC questions (Appendix E), six weeks after the original email invitation. At that time, 46
potential participants responded to the survey. Out of these 46 respondents, 13 indicated they did
not wish to participate in the full research study. The researcher analyzed the SoC responses of
the remaining 33 respondents by calculating the raw scores for each of the seven stages and
translating them into percentile scores, as described by George, Hall, and Stiegelbauer (2006, p.
26). These percentile scores indicated the “relative intensity of concern at each stage” (George,
Hall, & Stiegelbauer, 2006, p. 32). The definitions of each stage are provided in Table 5.
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Table 5
The Stages of Concern about an Innovation
The individual focuses on explaining ways to reap
more universal benefits from the innovation, including
6
Refocusing
the possibility of making major changes to it or
replacing it with a more powerful alternative.
The individual focuses on coordinating and
5
Collaboration
cooperating with others regarding use of the
IMPACT
innovation.
The individual focuses on the innovation’s impact on
students in his or her immediate sphere of influence.
4
Consequence Considerations include the relevance of the innovation
for student outcomes, including performance and
competencies; and the changes needed to improve
student outcomes.
The individual focuses on the processes and tasks of
TASK
3
Management using the innovation and the best use of information
and resources. Issues related to efficiency, organizing,
managing, and scheduling dominate.
The individual is uncertain about the demands of the
innovation, his or her adequacy to meet those
demands, and/or his or her role with the innovation.
The individual is analyzing his or her relationship to
the reward structure of the organization, determining
2
Personal
his or her part in decision making, and considering
potential conflicts with existing structures or personal
commitment. Concerns also might involve the
financial or status implications of the program for the
SELF
individual and his or her colleagues.
The individual indicates a general awareness of the
innovation and interest in learning more details about
it. The individual does not seem to be worried about
1
Informational
himself or herself in relation to the innovation. Any
interest is in impersonal, substantive aspects of the
innovation, such as its general characteristics, effects,
and requirements for use.
0
Unconcerned The individual indicates little concern about or
involvement with the innovation.
Note. Adapted from “Measuring Implementation in Schools: The Stages of Concern
Questionnaire,” by A. George, G. Hall, & S. Stigelbauer, 2006, p. 8. Copyright 2006 by SEDL.
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Of these 33 respondents who were willing to participate in the full study, 19 scored
highest in the “impact” levels of consequence, collaboration, and refocusing , indicating their
move from implementers to sustainers of the AMSTI program. The primary criteria for
participant selection was peak SoC scores in the consequence, collaboration, and/or refocusing
stages of concern, because these scores were indicative of teachers moving into the sustaining
phase of inquiry-based reform through their participation in the AMSTI program. Of the 19
respondents with peak scores in the “impact” levels, only six respondents had two of their peak
scores in the “impact” levels. Based on their two peak SoC scores in the “impact” levels, along
with other variables like years of teaching experience, years of AMSTI experience, educational
experiences, and route to science certification, the researcher selected these six respondents to
participate in the full study, which included multiple interviews , classroom observations, and
collection of curricular materials. Table 6 presents the SoC scores of the 33 survey respondents
who agreed to participate in the full study. The two highest percentile score for each respondent
is in bold print and the six selected participants are highlighted.
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Table 6
SoC Scores for 33 Survey Respondents Who Agreed to Participate in Full Study

Survey
Respondent
Number
1
2
6
7
9
10
11
13
15
17
20
21
22
23
24
25
26
28
29
31
32
34
35
36
38
39
40
41
42
43
44
45
46

0
87
14
81
61
14
81
69
87
48
4
48
14
61
61
0
94
81
22
22
75
2
99
48
0
81
22
0
31
40
61
7
99
99

Stages of Concern
Percentile Scores
by Level
1
2 3 4 5
66 87 77 27 59
27 52 39 30 25
19 55 39 30 88
16 31 30 48 7
60 80 15 82 97
75 94 97 43 59
19 25 27 21 80
12 85 30 48 19
66 67 52 30 31
96 92 11 96 98
5 12 5 8 16
23 41 47 48 95
43 63 15 38 98
60 83 83 38 72
43 55 23 19 64
60 70 60 38 22
80 72 69 71 84
93 96 34 59 98
12 5 11 48 22
27 80 60 59 22
43 21 11 19 31
12 48 47 19 52
12 41 34 30 88
5 35 2 16 48
63 59 77 54 52
34 57 30 30 72
16 28 7 76 80
27 28 18 21 44
12 55 11 63 76
69 72 15 43 91
16 17 18 5 22
69 89 90 33 48
72 80 97 24 76

6
38
42
38
69
77
96
20
11
26
5
20
34
20
57
17
30
57
77
60
57
5
81
34
11
65
26
34
6
42
22
6
77
94

SELF
Level 0 = Unconcerned
Level 1 = Informational
Level 2 = Personal
TASK
Level 3 = Management
IMPACT
Level 4 = Consequence
Level 5 = Collaboration
Level 6 = Refocusing
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Data Collection
After selecting the six respondents for further study, the researcher sent consent
documents (Appendix F) to them, at which time one respondent declined to participate further.
The researcher then arranged to interview the remaining five participants. The researcher
conducted interview one (Appendix G) with all five participants during the fall of the 2011-2012
school year. To protect their identity, the researcher labeled the teachers A, B, C, D, and E based
on the order of their initial interviews. Only four of these five participants completed interview
two (Appendix H) during the fall of the 2011-2012 school year. Teacher B asked to be removed
from the study for personal reasons, so the researcher observed the remaining four participants
during the spring of the 2011-2012 school year. These participants then selected a multiple-day
lesson from the AMSTI program that best matched their definition of inquiry, which the
researcher observed using the Reformed Teaching Observation Protocol (Appendix I). The
researcher conducted interview three (Appendix J) after the multiple-day observations. The
researcher recorded each interview, with the permission of the participants, to aid in the
transcription process and transcribed each interview verbatim before conducting any subsequent
interviews. To aid in the credibility process, the researcher then shared these transcripts with the
participants for member checking, so that they had the opportunity to clarify meaning on or add
additional information to their own transcripts.
The researcher selected interviews as the primary source of data for this study, because
according to Seidman “interviewing allows us to put behavior in context and provides access to
understanding” (2006, p. 10). During the interview process, the researcher consciously set aside
her experiences with inquiry in an effort to freshly view the participants’ experiences. Of the
three basic approaches to collecting data through interviews described by Patton (2002, p. 342),
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the researcher utilized the general interview guide approach, where the interviewer outlines a set
of issues prior to the interview, which served as prompts to address the main points. The
researcher organized these prompts according to the six types of questions discussed by Patton:
(1) background/demographic, (2) behavior/experience, (3) opinion, (4) sensory, (5) feeling, and
(6) knowledge (2002, pp. 348–351). While the researcher used these six types of prompts in each
interview, she changed the time frame from the past in interview one, to the present in interview
two, and to the future in interview three. This allowed the researcher to utilize the
phenomenological method described by Seidman to build upon the participants’ responses, with
the goal of having the participant “reconstruct his or her experiences with the topic under study”
(2006, p. 15).
In an effort to determine the level of inquiry-based methods used in the participants’
classrooms, the researcher collected data through observations and curricular materials. Of the
observation protocols reviewed in the previous chapter, the researcher selected the Reformed
Teaching Observation Protocol (RTOP) for this study because according to Sawada, et al., the
RTOP is standards-based, inquiry-oriented, and student-centered, and assists in determining if a
“science classroom was reformed” (2002, p. 246). Additionally, the researcher selected the
RTOP because of its wide spread use in the literature, and prior experience in using the RTOP.
Before utilizing the RTOP in this study, the researcher completed the training module (Appendix
K) and conducted practice observations with a second observer. The researcher also served as a
second observer in another research study that utilized the RTOP. Following the example of
Piburn, et al. (2000), the researcher estimated inter-rater reliability through a linear regression.
Figure 11 shows the high inter-rater reliability, with an r-squared value of 0.9806, over eight
observations conducted prior to this study.

98

Figure 11: Inter-rater reliability for Reformed Teaching Observation Protocol

For each day of the four multiple-day lessons observed during this study, the researcher
completed a separate RTOP and calculated the RTOP scores at the end of each day. These scores
were calculated by rating itemized descriptions in each section of the RTOP on a zero to four
Likert-type scale, with zero meaning “never occurred” and four meaning “very descriptive”.
During this study, a second observer completed and scored an RTOP for one day of the multipleday observations with each of the four participants. These observations improved the inter-rater
reliability to an r-squared value of 0.9822. Each observation also allowed the researcher to detail
the lesson observed; the school and classroom setting; and the number, gender, and race/ethnicity
of students in the classroom.
In addition to the observations, the researcher collected curricular materials from the
classrooms of each participant to determine their level of inquiry. These materials included
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copies of the observed lessons from the teacher’s guide and student manual provided by AMSTI
for each participant. The researcher analyzed these materials in order to determine the quantity
and quality of inquiry potential in each observed lesson. The following section describes how the
researcher of this study analyzed data collected from the phenomenological interviews,
observations, and curricular materials.

Data Analysis
Because the researcher chose to use phenomenological research methods for this study,
she utilized a simplified version of Stevick-Colaizzi-Keen method described by Creswell (2007)
to analyze the data collected through the interview process. These steps included:
(1) describing personal experiences with the phenomenon under study;
(2) developing a list of significant statements;
(3) taking the significant statements and group them into larger units of information
called themes;
(4) writing a description of “what” the participants in the study experienced with the
phenomenon, or the “textural description”;
(5) writing a description of “how” the experience happened, or the “structural
description”; and
(6) writing a composite description of the phenomenon incorporating both the
textural and structural descriptions (2007, p. 159).
After transcribing the interviews verbatim and sharing them with the participants for member
checking, the researcher developed a list of significant statements and grouped them into themes
across the cases within each interview, since all of the interviews were conducted in groups.
Then the researcher repeated these steps across the interviews within each case, once all of the
interviews were completed. Once the themes were determined, the researcher used them to write
the textural description, the structural description, and the composite description of the
phenomenon. Each teacher participant represented an individual case, and the researcher will
describe the context of each case in the following chapter. The researcher developed the context
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of each case in part through the interview process, and in part through the qualitative portions of
the RTOP instrument.
The first portion of the RTOP instrument provided the researcher with space to collect
qualitative data, such as background information about the teacher, salient observations during
the lessons, and features of the classroom setting. The quantitative section of the RTOP allowed
the researcher to score each participant during each observation in three main sections using a
Likert-type scale, where zero equaled “not observed” and four equaled “very descriptive”. The
three main sections included lesson design and implementation, content, and classroom culture.
The content area contained the subsections of propositional knowledge and procedural
knowledge, while the classroom culture contained subsections of communicative interactions
and student/teacher relationships. A completed RTOP score, between 0 and 100, “allows
observers to arrive at a quantitative characterization of the degree to which such reform has been
achieved” (Sawada, et al., 2002, p. 251). According to MacIssac and Falconer (2002), any
overall RTOP score of 50 or greater “indicates considerable presence of ‘reformed teaching’ in a
lesson” (p. 482). Although this portion of the RTOP is quantitative, it also is highly inductive,
because it “calls upon observers to make holistic judgments about broad categories of lesson
design and classroom culture” (Sawada, et al., 2002). The researcher scored the RTOP
instrument primarily to determine if the participants were indeed practicing reformed methods
through their use of the AMSTI program.
The researcher also used the Assessing Inquiry Potential (AIP) instrument to determine
the quantity and quality of inquiry potential provided by the AMSTI curricular materials used in
the participants’ classrooms (Sunal, 2009). The AIP instrument questionnaire (Appendix L)
allowed the researcher to determine the level of inquiry presented in each participant’s teacher
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guide and student manual provided by the AMSTI program. The researcher first received
training from Dr. Dennis Sunal, one of the AIP developers, and then practiced using the AIP
instrument with a second analyst, who also had been trained on the use of the AIP. Once the
researcher and second analyst agreed upon the AIP analysis of three random, 100 sentence
textbook samples, the researcher conducted the analysis on the curricular materials related to the
multiple-day lessons observed. The researcher used the AIP questionnaire to classify all of the
sentences in each curricular document mentioned previously. The researcher then expressed the
overall classification results as a percentage of sentences in each of nine categories: nonassertions, informational, non-cognitive, non-science subject matter, pseudo-science, theoretical,
methodological, definition, or experiential. These terms are defined in detail in Appendix M.
This allowed the researcher to determine the quantity of inquiry potential in each lesson. To
determine the quality of inquiry potential in each lesson, the researcher further analyzed the
verification methods of any sentences classified as experiential. The data collected from the AIP
process, along with the RTOP scoring results, will be presented in the following chapter.

Chapter Summary
The researcher of this study utilized a combination of the case study method and the
phenomenological study method. The overall context for the cases was the AMSTI program,
while the individual cases were the four teacher participants. For this research study, the
phenomenon was the participants’ continued use of inquiry-based methods of teaching and
learning beyond the implementation phase into the sustaining phase. The researcher began with a
description of her transition from traditional methods to inquiry-based methods in an effort to set
aside her bias and focus on the participants. All participants volunteered to take part in this
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research study, and the data collection took place via participant interviews, multiple-day
observations of inquiry-based lessons, and the collection of AMSTI curricular materials from the
participants’ classrooms. The case study data collected during this study is presented and
analyzed in chapter 4, and the phenomenological interview data is presented and analyzed in
chapter 5.
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CHAPTER 4
PRESENTATION AND ANALYSIS OF CASE STUDY DATA
Chapter Introduction
The purpose of this chapter is to present and analyze the case study data collected during
classroom observations and through curricular materials. In this chapter, the researcher first
describes the context of each case, which was developed in part through the original
demographic survey, and in part through the qualitative portions of the Reformed Teaching
Observation Protocol (RTOP) instrument. The researcher then describes the lessons observed in
each case, including the quantitative RTOP scores and the Assessing Inquiry Potential (AIP)
percentages for each lesson. Finally, the researcher analyzes the RTOP and AIP data to answer
the first research question of this study: what level of inquiry do individual AMSTI middle
school science teachers utilize in their classrooms?

Description of Cases
As discussed in chapter 3, a sample of six teachers was chosen from all sixth, seventh,
and eighth grade science teachers in the AMSTI program statewide who volunteered to complete
a demographic survey and a Stages of Concern (SoC) questionnaire in the fall of the 2011-2012
school year. Once the participants were selected based upon their scores on the SoC, qualitative
data was collected on the four teachers (A, C, D & E) who agreed to continue with the full study,
which included a series of phenomenological interviews, classroom observations, and the
collection of curricular materials from the AMSTI program. The overall context of this research
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study was the AMSTI program at the middle school level (grades 6-8), while the phenomenon
was the participants’ continued use of inquiry-based methods of teaching and learning beyond
the implementation phase into the sustaining phase.
While the overall context of this research study was the AMSTI program, each case had
its own unique context. This section presents each participant’s context through a discussion of
each participant’s background experience, school setting, classroom context, and student context.
Table 7 compares several of these characteristics across the cases.
Table 7
Snapshot of Individual Cases

Teacher
Years Teaching
Experience
Highest
Degree Earned
Highest
Degree Area
Certification
Level (s)/
Area (s)

A
6

C
27

D
8

E
7

Bachelor’s

Master’s

Master’s

Master’s

Elementary
Education
K-6/NA

4

Educational
Leadership
6-12/Social
Science
4-8/General
Science
P-12/
Administration
7

Secondary
Education
6-12/General
Science

Years AMSTI
Experience
School
Classification
Total Students
2011-2012
Grade(s)/
Subject(s)
Taught
2011-2012

Secondary
Education
6-12/Biology
and English
National
Boards/
Early
Adolescence
3

Rural/
Distant
104

Rural/
Distant
138

Suburban/
Midsize
148

Rural/
Remote
146

Grade 6/
Earth
and Space

Grade 7/
Life
Grade 8/
Physical

Grade 8/
Physical

Grade 8/
Physical
Grade 10/
Physical
Grade 11/
Anatomy
Grade 12/
Environmental
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Teacher A.
Background experience. Teacher A taught science for six years at the same school. She
completed a Bachelor’s degree in elementary education, and at the time of this study pursued her
Master’s degree in elementary education. Teacher A earned elementary certification to teach
grades K-6 in Alabama, and considered pursuing National Board Certification. During her six
years of teaching, Teacher A taught only grade six science, focused on Earth and Space science
content. Including the 2011-2012 school year, she had four years of experience with the AMSTI
program. The AMSTI program provided Teacher A with two modules for her grade six students
during the study: Catastrophic Events and Earth in Space. Teacher A completed the typical ten
days of training on each module.

School setting. Teacher A’s school, part of a county system in eastern Alabama, housed
kindergarten through grade six, and fed into the grade 7-12 school located across the street. The
National Center of Educational Statistics (NCES, 2012c) classified the school as rural/distant,
and listed the total school population during the 2009-2010 school year as 694 students. There
were 361 male (52%) and 333 female (48%) students, the majority of which were Caucasian
(84%). The NCES (2012c) classified the remaining student population as 15% Hispanic and 1%
as African American, American Indian, and/or Asian. They also noted approximately 66% of the
school’s students qualified for the state’s free or reduced lunch program.

Classroom context. Teacher A’s classroom was in a newer area of the school building,
near other grade six teachers on her team. A bulletin board in the hallway outside her room
displayed student projects from the recently completed biome lesson. A few scientific posters
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decorated the walls of her room, along with a bulletin board reminding students "knowledge is
powerful". The front of the room had an expansive white board with written instructions for the
lesson, along with a SMART board used during various phases of the activity. One side of the
room contained storage cabinets and a counter with materials for the lesson. Several student
computers sat on a long desk on the other side of the room. The teacher’s desk was in the back of
the room, as well as a laboratory demonstration table with a sink. There was also a place for
students to hang their book bags and coats behind the demonstration table. While there were
several stacks of the AMSTI plastic bins in various locations, the classroom was very organized
and decorated to make students feel welcomed. Teacher A’s classroom set up facilitated
collaboration among her students. She arranged student desks into three rows, with 8-10 desks
per row. While there were no lab tables, the desks were facing each other in the rows, so that the
students could easily work in teams. Above each row of desks, signs hung from the ceiling to
indicate the team numbers. Students completed lab activities in the classroom, as there was no
separate lab space available.

Student context. During the 2011-2012 school year, Teacher A taught 104 students, all in
grade six. There were 26 students in the class observed: 16 Caucasian males, 6 Caucasian
females, and 4 Hispanic females. The students were very attentive during the lesson observed,
and stayed on task when working with each other in their small groups. At the time of this study,
the Alabama Department of Education (ALSDE) assessed grade five and grade seven students
each year on the Alabama Science Assessment (ASA). For grade five students, the ASA
contained 55% physical science content, 27% life science content, and 18% Earth and space
science content in a multiple-choice format. For grade seven students, the ASA contained 100%
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life science content in a multiple-choice format. The ALSDE reported scores on the ASA as
percentages in one of four achievement levels:
(1)
(2)
(3)
(4)

Achievement Level I-does not meet academic content standards;
Achievement Level II-partially meets academic content standards;
Achievement Level III-meets academic content standards; and
Achievement Level IV-exceeds academic content standards (ALSDE, 2012).

At the time of this study, the ASA was not part of Alabama’s Adequate Yearly Progress (AYP)
calculations for No Child Left Behind. However, Teacher A’s school met their AYP goals in
math and reading based on the Stanford Achievement Test, Edition 10 (SAT 10) data from the
2010-2011 school year. Since the grade six students in Teacher A’s classroom were not assessed
for science achievement during this study, the researcher compiled data using the Accountability
Reporting System of the ALSDE. Figure 12 compares the percentage of grade five students in
Teacher A’s school who met or exceeded academic standards on the ASA with all grade five
students in Alabama during the 2010-2011 school year, which was the year prior to this study.

108

Figure 12: Percentage of grade five students in Teacher A’s school meeting or exceeding
academic standards on the Alabama Science Assessment during the 2010-2011 school year
compared to all grade five students in Alabama. Adapted from “Accountability Reporting
System,” by the Alabama Department of Education, 2012. Copyright 2012 by the Alabama
Department of Education.

These scores indicated the science achievement level of students at the beginning of grade six in
Teacher A’s school for the 2011-2012 school year, which was the year of this study.

Teacher C.
Background experience. Teacher C taught science for 26 of her 27 years as an educator
at two different schools. She completed a Bachelor’s degree in secondary education, as well as a
Master’s degree in secondary education, both with a biology focus. Teacher C earned secondary
certification to teach biology and English in grades 6-12 in Alabama, and held National Board
Certification in Science/Early Adolescence. During her 27 years of teaching, Teacher C also
taught high school Earth science, grade seven life science, and grade eight physical science,
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along with integrated science in grades seven and eight. Including the 2011-2012 school year,
she had three years of experience with the AMSTI program. AMSTI provides two modules for
grade seven teachers participating in their program: Human Body Systems and Organisms-Macro
to Micro. AMSTI also provides two modules for grade eight teachers: Energy, Machines, and
Motion and Properties of Matter. Teacher C completed the typical ten days of training on
Organisms-Macro to Micro and Properties of Matter. She completed three days of compressed
training on Human Body Systems and Energy, Machines, and Motion.

School setting. Teacher C’s school, part of a county system in eastern Alabama, housed
grades 7-12, with a feeder K-grade 6 school on the same campus. The NCES (2012c) classified
the school as rural/distant, and listed the total school population during the 2009-2010 school
year as 459 students. There were 223 male (49%) and 236 female (51%) students, the majority of
which were Caucasian (88%). The NCES (2012c) classified the remaining student population as
11% Hispanic and 1% as African American or Asian. They also noted approximately 44% of the
school’s students qualified for the state’s free or reduced lunch program.

Classroom context. Teacher C’s classroom was in the elementary school, along with
other grade seven and grade eight teachers, while her shared laboratory room was towards the
front of the school, near the high school classrooms and front office. In the classroom, student
desks were set up into rows on each side of the classroom, facing an aisle in the center of the
classroom. Cabinets and a counter lined one side of the room, while the other side of the room
contained a wall of windows. Numerous science posters decorated available wall space. The
front of the room had a white board, which also doubled as a projection area. The teacher’s desk
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was in the back of the room. While Teacher C’s classroom was not set up to facilitate
collaboration among her students, her laboratory space allowed students to work in groups.
Teacher C’s shared laboratory room was the size of two classrooms. In the front of the
room, she paired student laboratory tables together to make six groups with seating for four
students per group. In the back of the room, there were nine raised lab benches with sinks and
stools. There was a whiteboard and projection screen in the front of the room, along with the
teacher’s desk. Along the back wall, there was a large bulletin board covered in science posters.
Cabinets for storage lined both sides of the front classroom space, and AMSTI plastic bins filled
the counter space on one side of the room. Since Teacher C used AMSTI materials with her
grade seven and grade eight students, there were also several large stacks of the AMSTI plastic
bins in various locations.

Student context. During the 2011-2012 school year, Teacher C taught 138 students, with
68 in grade seven and 70 in grade eight. There were 22 students in the grade 8 class observed: 11
Caucasian males, 8 Caucasian females, 2 Hispanic males and 1 Hispanic female. Teacher C
frequently reminded the students to stay on task during the lesson observed. Teacher C’s school
met their AYP goals in math and reading based on SAT 10 data from the 2010-2011 school year.
Since the grade eight students in Teacher C’s classroom were not assessed for science
achievement during this study, the researcher compiled data using the Accountability Reporting
System of the ALSDE. Figure 13 compares the percentage of grade seven students in Teacher
C’s school who met or exceeded academic standards on the ASA with all grade seven students in
Alabama during the 2010-2011 school year, which was the year prior to this study. The blank
spaces indicate fewer than ten students were assessed in that category.
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Figure 13: Percentage of grade seven students in Teacher C’s school meeting or exceeding
academic standards on the Alabama Science Assessment during the 2010-2011 school year
compared to all grade seven students in Alabama. Adapted from “Accountability Reporting
System,” by the Alabama Department of Education, 2012. Copyright 2012 by the Alabama
Department of Education.

These scores indicated the science achievement level of students at the beginning of grade eight
in Teacher C’s school for the 2011-2012 school year, which was the year of this study.

Teacher D.
Background experience. Teacher D taught for eight years at four different schools. Of
those eight years, he taught grade eight science for four years, along with experience in grade
seven science and high school social studies. Prior to becoming an educator, Teacher D worked
in the fields of accounting and law enforcement. He completed a Bachelor’s degree in secondary
education/social sciences, as well as a Master’s degree in school administration. Teacher D
earned certification to teach general social science in grades 6-12 and general science in grades
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4-8 in Alabama, and certified as an educational administrator for grades P-12 in Alabama. At the
time of the study, Teacher D also pursued his Educational Specialist degree, focusing on
curriculum and instruction, and planned to complete a doctoral degree and/or National Board
Certification in the near future. Including the 2011-2012 school year, he had six years of
experience with the AMSTI program. As previously discussed, AMSTI provides two modules
for grade eight teachers: Energy, Machines, and Motion and Properties of Matter. Teacher D
completed the typical ten days of training on Energy, Machines, and Motion, then three days of
compressed training on Properties of Matter. Teacher D also previously completed the typical
ten days of training provided by AMSTI for each of the grade seven modules.

School setting. Teacher D’s school, part of a county system in northeastern Alabama,
housed grades 6-8, with a K-grade 5 school one-quarter mile away. The school also served as a
feeder into three high schools in the system. The NCES (2012c) classified the school as
suburban/midsize, and listed the total school population during the 2009-2010 school as 1099
students. There were 545 male (50%) and 538 female (50%) students, the majority of which
were Caucasian (65%). The NCES (2012c) classified the remaining students as 26% African
American, 3% Hispanic, 3% Asian, and 2% American Indian. They also noted approximately
16% of the school’s students qualified for the state’s free or reduced lunch program.

Classroom context. Teacher D’s classroom and laboratory room were on the second floor
of the school with the other grade eight science teachers. The rooms were adjacent to each other
in between two hallways, so that students did not need to enter either hallway to transition
between rooms. In the classroom, Teacher D arranged the student desks into five rows, facing the
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front of the classroom. One side of the room contained a small teacher desk, shelves, and filing
cabinets. The other side of the room contained a bulletin board with makeup work folders, and a
wall decorated with scientific posters. The back wall also contained some posters, while the front
of the room had a small whiteboard on each side of the laboratory room door. One of these
whiteboards displayed the weekly agenda. The front of the room also had a larger teacher desk
and a projection screen. While Teacher D’s classroom was not set up to facilitate collaboration
among his students, the laboratory space allowed students to work in groups.
Teacher D’s laboratory room was the same size as his classroom. Students sat in groups
of 3-4 at one of eight long lab tables that faced the front of the laboratory room. Counters with
sinks, and storage cabinets decorated with student-made lab safety posters lined both sides of the
room. Twin whiteboards were on either side of the doorway connecting the classroom and lab
space, one of which outlined the daily agenda. A large teacher’s desk sat in the front of the room,
along with a table covered in materials for the activity. Plastic bins from the AMSTI program
were stacked beneath the windows of the back wall.

Student context. During the 2011-2012 school year, Teacher D taught 148 students, all in
grade eight. There were 23 students in the class observed: 6 Caucasian males, 6 Caucasian
females, 9 African American males, 3 African American females, and 2 males and 1 female of
apparent mixed race. While students took some time to settle down after transitioning to the lab
room, they were attentive once Teacher D started the activity. Teacher D’s school met their AYP
goals in reading based on SAT 10 data from the 2010-2011 school year. The school missed their
AYP goals in math based solely on the performance of their special education student
population. Since the grade eight students in Teacher D’s classroom were not assessed for
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science achievement during this study, the researcher compiled data using the Accountability
Reporting System of the ALSDE. Figure 14 compares the percentage of grade seven students in
Teacher D’s school who met or exceeded academic standards on the ASA with all grade seven
students in Alabama during the 2010-2011 school year, which was the year prior to this study.

Figure 14: Percentage of grade seven students in Teacher D’s school meeting or exceeding
academic standards on the Alabama Science Assessment during the 2010-2011 school year
compared to all grade seven students in Alabama. Adapted from “Accountability Reporting
System,” by the Alabama Department of Education, 2012. Copyright 2012 by the Alabama
Department of Education.

These scores indicated the science achievement level of students at the beginning of grade eight
in Teacher D’s school for the 2011-2012 school year, which was the year of this study.
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Teacher E.
Background experience. Teacher E taught grade eight science for all seven years of her
career as an educator. In addition to grade eight, Teacher E also taught grade 10 physical science,
grade 11 anatomy, and grade 12 environmental science during the 2011-2012 school year.
Teacher E taught high school biology, chemistry, and physics in past years. She completed a
Bachelor’s degree in biology and chemistry, and then completed a yearlong program to become a
medical technician. After working as a medical technician in a hospital for ten years, Teacher E
began teaching science with “emergency” certification. She completed her Master’s degree
during her first three years of teaching, and earned certification to teach general science in grades
6-12 in Alabama. At the time of the study, Teacher E was pursuing her Educational Specialist
degree, with an emphasis on curriculum and instruction, and considered pursuing National Board
Certification. As previously discussed, AMSTI provides two modules for grade eight teachers:
Energy, Machines, and Motion and Properties of Matter. Teacher E completed five days of
compressed training on Properties of Matter the summer before the 2011-2012 school year, then
three days of compressed training on Energy, Machines, and Motion before the December break,
as this was her first year working with the AMSTI program in middle school. Due to funding
decreases, Teacher E was unable to receive the typical ten-day training on either module.
However, she had previous experience with the high school component of the AMSTI program,
which she utilized with her grade nine biology class. Although Teacher E used the middle school
AMSTI materials for the first time during the research study, she used the high school AMSTI
materials for all seven of her years as an educator.
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School setting. Teacher E’s school, located in a county system in southwestern Alabama,
housed grades P-12. The NCES (2012c) classified the school as rural/remote, and listed the total
school population during the 2009-2010 school year as 596 students. There were 336 male (56%)
and 260 female (44%) students, the majority of which were Caucasian (68%). The NCES
(2012c) classified the remaining students as 29% African American and 3% as Hispanic or
Asian. They also noted approximately 57% of the school’s students qualified for the state’s free
or reduced lunch program.

Classroom context. Teacher E’s classroom and laboratory room were next door to each
other on the front hall of the school. In the classroom, she arranged the student desks into seven
groups of four desks each to facilitate collaboration. The front of the room contained a white
board with diagrams from the activity, and a projector screen with a PowerPoint presentation
designed to guide students through their pre-laboratory assignment. There was also a
demonstration table at the front of the classroom. The teacher’s desk sat at the back of the room,
along with several storage and filing cabinets. Teacher E posted several large sheets of paper on
both sides of the room for students to share their reflections from the previous lesson as well as
their preconceptions about the current lesson.
Teacher E’s laboratory room seemed to be a little bit larger than her classroom. Students
worked in groups of 3-4 at one of eight student lab tables placed into two rows. Counters with
sinks, storage cabinets, and a teacher’s desk surrounded the student lab tables, making it difficult
to walk around. Behind one of the counters, Teacher E stacked up her AMSTI plastic bins, along
with the bins of the grade 7 science teacher. On the wall behind the teacher’s desk, there was a
long white board with more sheets of paper posted for student preconceptions and reflections.
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Student context. During the 2011-2012 school years, Teacher E taught 146 students, 47
of them in her two grade eight classes. In the grade eight class observed, there were 22 students:
9 Caucasian males, 5 Caucasian females, 4 African American males, and 4 African American
females. The students were attentive to Teacher E once the lessons began. Teacher E’s school
met their AYP goals in math and reading based on SAT 10 data from the 2010-2011 school year.
Since the grade eight students in Teacher E’s classroom were not assessed for science
achievement during this study, the researcher compiled data using the Accountability Reporting
System of the ALSDE. Figure 15 compares the percentage of grade seven students in Teacher
E’s school who met or exceeded academic standards on the ASA with all grade seven students in
Alabama during the 2010-2011 school year, which was the year prior to this study. The blank
spaces indicate fewer than ten students were assessed in that category.
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Figure 15: Percentage of grade seven students in Teacher E’s school meeting or exceeding
academic standards on the Alabama Science Assessment during the 2010-2011 school year
compared to all grade seven students in Alabama. Adapted from “Accountability Reporting
System,” by the Alabama Department of Education, 2012. Copyright 2012 by the Alabama
Department of Education.

These scores indicated the science achievement level of students at the beginning of grade eight
in Teacher E’s school for the 2011-2012 school year, which was the year of this study.

Analysis of Classroom Observations and Curricular Materials by Case
In this section, the researcher will first provide an overview of each lesson observed in
each case, along with the quantitative RTOP scores and AIP percentages for each lesson. The
researcher will then analyze the RTOP data and the AIP data collected in each case. The RTOP
data will be analyzed in an effort to verify the presence of reformed, inquiry-based teaching
methods in the participants’ classrooms. The AIP data will then be analyzed in an effort to
determine the quantity and quality of inquiry provided by the AMSTI curricular materials.
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Teacher A.
Classroom observations. Teacher A selected Lesson 5: Convection Currents in the Air
from the Catastrophic Events module for the researcher to observe (Appendix N and Appendix
O). This lesson was one of nine in this AMSTI module related to the concept of storms. This
module also contained eight lessons related to earthquakes and eight lessons related to volcanoes.
The researcher observed this lesson over a three-day period, with each observation lasting
approximately 55 minutes. Students experienced the following concepts during the observed
lesson:





patterns of atmospheric movement affect local weather;
the upward movement of warm air and the downward movement of cool air form
convection currents, which move heat through the troposphere;
fronts form at the boundary between two air masses with different temperature,
pressure, and humidity conditions; and
land breezes and sea breezes are the result of uneven heating and cooling of land and
water.

The student objectives were to:






set up an investigation that demonstrated what happens to two air masses when they
meet;
analyze the movement of two converging air masses with different temperature and
humidity conditions;
devise working definitions for the terms “convection current” and “weather front”;
relate the movement of air within a convection model to the formation of land
breezes, sea breezes, and tornadoes; and
explain how winds form.

The observed lesson aligned with the Alabama Course of Study (ALCOS) for Grade 6, Objective
1, which states, “students will identify global patterns of atmospheric movement…that influence
local weather” and Objective 2, which states “students will describe factors that cause changes to
Earth’s surface over time (ALSDE, 2005, p. 28).”
On day one, Teacher A led the students through an introduction to the lesson, by having
them complete a student sheet from their lab manual, with their activity procedure and
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predictions. Teacher A also asked students to record lab safety information and vocabulary terms
for the activity in their notebooks. On day two, students talked to their neighbor about the
procedures for the activity and reviewed the safety information before beginning the activity. In
the activity, students connected two convection tubes to observe what happens when air masses
of same and different temperatures meet. Students had used the convection tubes in a previous
lesson on heat transfer and air movement, so the data collection went smoothly. Teacher A
walked around the classroom and asked questions while students were completing the activity.
Students completed their student sheets with their observations during the activity, which they
discussed with the class at the end of the day. Teacher A also helped students make connections
from the observed lesson to the previous lesson. On day three, students discussed their lab results
with their team members. Teacher A then led the class through a debriefing of the lesson.
Towards the end of day three, students completed some reflecting questions in their notebooks,
and later discussed their responses with their team members. Students also began working on a
graphic organizer to help them summarize their learning from the activity, which they completed
for homework. Teacher A noted the students would be sharing their completed graphic
organizers with the class the next day.
As discussed in chapter 3, the researcher utilized the quantitative portion of the RTOP to
determine a RTOP score for each participant. Figure 16 details the RTOP scores for Teacher A
in each section on each observation day.
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Figure 16. Reformed Teaching Observation Protocol scores for Teacher A.

As previously discussed in chapter 3, the researcher chose the RTOP for this study because of its
ability to assist in determining if “a science classroom was reformed” (Sawada, et al., 2002, p.
246). Teacher A scored lower on her day one RTOP (50 out of 100) than she did on day two (64)
or day three (68). The score on day one was lower because Teacher A used more teachercentered methods to prepare her students for the activity they performed on day two and day
three. These scores indicated Teacher A incorporated more reformed teaching into her
instruction on day two and day three.

Curricular materials. The curricular materials collected from Teacher A’s classroom
included teacher and student copies of Lesson 5: Convection Currents in the Air from Science
and Technology Concept for Middle School’s (STC-MS) Catastrophic Events module
(Appendix N and Appendix O) . Using the AIP questionnaire, the researcher classified each
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sentence in Teacher A’s lesson according to the function they served. The results of this
classification process are shown in Figures 17 and 18.

Figure 17. Assessing Inquiry Potential results from Lesson 5: Convection Currents in the Air,
Teacher’s Guide

Figure 18. Assessing Inquiry Potential results from Lesson 5: Convection Currents in the Air,
Student Manual
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In the teacher’s guide for Lesson 5: Convection Currents in the Air in the Catastrophic Events
module, the researcher classified 50.5% of the sentences as informational and 22.9% of the
sentences as non-assertion. This occurred because the majority of the sentences (73.4%) in the
teacher’s guide explained how to set up and facilitate the lesson, and how students should
respond to questions. In the student manual for the same lesson, the researcher classified 44.9%
of the sentences as theoretical and 17.2% of the sentences as definition. This occurred because
the majority of the sentences (62.1%) in the student manual provided the students with ideas
about science they could not discover through an experiment or information they could look up
in a dictionary or glossary of a textbook. Experiential sentences made up 7.8% of teacher’s guide
and 8.3% of student manual, indicating students could verify a small percentage of the
knowledge claims through experimentation.
During the interview process, Teacher A indicated she used only the AMSTI textbook in
her classroom by stating, “Their red science book is their punishment and they hate that book!”
During the multi-day observation, the researcher saw the teacher and students use only their
AMSTI books.

Teacher C.
Classroom observations. Teacher C selected Lesson 1: Our Ideas About Matter from the
grade eight Properties of Matter module for the researcher to observe (Appendix P and
Appendix Q). This was the first lesson of nine related to the characteristic properties of matter.
This module also contained ten lessons related to mixtures and solutions, and seven lessons
related to compounds, elements, and chemical reactions. According to the teacher’s edition, this
lesson served as a formative pre-assessment for the module, and uncovered possible student
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misconceptions about matter. The researcher observed the lesson over a three-day period, with
each observation lasting approximately 45 minutes. All observations took place in the laboratory
classroom, after the teacher completed student attendance in her classroom. Students experienced
the following concepts during the observed lesson:









different states of matter;
changes of state;
mass and volume;
floating and sinking;
thermal expansion;
mixtures;
solubility and insolubility; and
chemical reactions.

The student objectives were to:







follow instructions to perform a circuit of inquiries on the properties of matter;
observe and describe examples of the concepts for this lesson;
make accurate measurements of temperature and volume;
record observations and results;
explain observations using their own words and ideas; and
practice safe and appropriate laboratory techniques.

The observed lesson aligned with the ALCOS for Grade 8, Objective 1, which states, “students
will identify steps within the scientific process (ALSDE, 2005, p. 32).”
On day one, Teacher C organized the students into groups, discussed safety issues, and
asked them questions to elicit their prior knowledge about matter. After giving the students an
overview of the activity, students rotated from station to station and recorded their observations
on their teacher-revised handouts. Teacher C walked around the lab room, observing students,
and asking questions about their observations. Before leaving, students turned in their data
collection handouts and Teacher C looked over them in preparation for day two. After another
reminder about lab safety, students continued their observations on day two. Teacher C again
walked around the lab room, observing students, and asking questions about the observations.
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Once students completed the activity, Teacher C started the debriefing of the lesson by asking
students to share their observations. On day three, Teacher C continued the debriefing of the
lesson by asking her students questions, listening to their responses, then showing them a
presentation that provided the scientific answers to her questions. Teacher C also referred
students to their AMSTI lab manuals, and called upon certain students to read to the class.
Figure 19 details the RTOP scores for Teacher C in each section on each observation day.

Figure 19. Reformed Teaching Observation Protocol scores for Teacher C.

Teacher C’s RTOP scores were higher on day one (67 out of 100) and day two (69), than on day
three (59). The score on day three was lower because Teacher C led her students through a
teacher-centered debrief of the lesson that day. These scores indicated Teacher C incorporated
more reformed teaching into her instruction on day one and day two.
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Curricular materials. The materials collected from Teacher C’s classroom included
teacher and student copies of Lesson 1: Our Ideas About Matter from STC-MS’s Properties of
Matter module (Appendix P and Appendix Q). The results of the AIP classification process are
shown in Figures 20 and 21.

Figure 20. Assessing Inquiry Potential results from Lesson 1: Properties of Matter, Teacher’s
Guide

Figure 21. Assessing Inquiry Potential results from Lesson 1: Properties of Matter, Student
Manual
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In the teacher’s guide for Lesson 1: Our Ideas About Matter in the Properties of Matter module,
the researcher classified 58.4% of the sentences as informational and 31.3% of the sentences as
non-assertion. This occurred because the majority of the sentences (89.7%) in the teacher’s guide
explained how to set up and facilitate the lesson, and how students should respond to questions.
In the student manual for the same lesson, the researcher classified 49.7% of the sentences as
non-assertion and 12.7% of the sentences as informational. This occurred because the majority of
the sentences (62.4%) in the student manual provided the students steps for conducting each
portion of the activity. Experiential sentences made up 10.3% of teacher’s guide and 17.2% of
student manual, indicating students could verify a fair percentage of the knowledge claims
through experimentation. These percentages differed from Teacher A’s percentages, because the
students were doing much more experimentation during Teacher C’s lesson.
During the interview process, Teacher C indicated she used only the AMSTI module in
her classroom by stating, “We have a textbook, but that textbook is kind of their security because
they use it in every class. But I tell them you don’t really need to bring that textbook. It needs to
stay in your locker.” The researcher saw the teacher and students use only their AMSTI books
during the multi-day observation.

Teacher D.
Classroom observations. Like Teacher C, Teacher D also selected Lesson 1: Our Ideas
About Matter from the grade eight Properties of Matter module for the researcher to observe
(Appendix P and Appendix Q). As previously discussed, this was the first lesson of nine related
to the characteristic properties of matter, which served as a formative pre-assessment for the
module and uncovered possible student misconceptions about matter. The researcher observed
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this lesson over a two-day period, with each observation lasting approximately 55 minutes. The
concepts and objectives for this lesson were previously listed in the discussion of Teacher C’s
classroom observations.
Observations began in the classroom on day one, where students completed a journal
entry while Teacher D recorded student attendance. Students then moved to the laboratory room,
where Teacher D organized the students into groups, reminded them of lab safety procedures,
discussed their journal entry, introduced them to the activity, and allowed them to begin their
observations. Students recorded their observations and answered questions from the AMSTI lab
manual in their journals. Teacher D walked around the lab room, monitoring the students and
asking them questions as they rotated from station to station. At the beginning of day two,
students added another entry to their journal in the classroom while Teacher D checked their
homework before they moved to the lab room to continue their observations. Once again,
Teacher D visited each group as they worked to ask questions about their observations. At the
end of day two, students copied vocabulary terms from the activity into their journals, in
preparation for a quiz at the end of the week. Teacher D also asked the students to reflect on the
activity by completing a lab summary in their journals for homework, using the proper
vocabulary terms. Teacher D debriefed the activity the following day, but was not observed by
the researcher.
Figure 22 details the RTOP scores for Teacher D in each section on each observation day.
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Figure 22. Reformed Teaching Observation Protocol scores for Teacher D.

Teacher D’s RTOP scores were similar on day one (64) and day two (68) of the observed lesson.
On both days, Teacher D facilitated the lesson and asked his students questions as they worked.
These scores indicated Teacher D incorporated reformed teaching into his instruction on both
observation days.

Curricular materials. The curricular documents collected from Teacher D’s classroom
included teacher and student copies of Lesson 1: Our Ideas About Matter from STC-MS’s
Properties of Matter module, which were the same documents collected from Teacher C
(Appendix P and Appendix Q). Using the AIP questionnaire, the researcher classified each
sentence in each document according to the function they served. The results of this
classification process were previously shown in Figures 20 and 21.
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During the interview process, Teacher D indicated the AMSTI module determined his
course pacing and activities by stating, “We introduce the concept with the textbook, then we
will use the AMSTI book to conduct the lab.” During the multi-day observation, the researcher
saw the students use their textbooks to look up vocabulary terms for their journal entries, while
they used the AMSTI books for everything else.

Teacher E.
Classroom observations. Teacher E selected Lesson 13: The Lever from the grade eight
Energy, Machines, and Motion module for the researcher to observe (Appendix R and Appendix
S). This lesson was the third of six lessons in the module related to machines. This module also
contained ten lessons related to energy, and six lessons related to motion. The researcher
observed this lesson over a three-day period, with each observation lasting approximately 45
minutes. Students experienced the following concepts during the observed lesson:





a lever is a simple machine;
machines reduce effort force and increase effort distance in doing work;
on a lever, torque is the product of an applied force and the length of its lever arm;
and
a lever is balanced when the magnitude of torque on the left lever arm equals the
magnitude of torque on the right lever arm.

The student objectives were to:





study characteristics of levers to describe how they work;
balance loads on a lever;
determine the relationship between effort force and effort distance for levers; and
communicate what they learn about levers to others.

The observed lesson aligned with the ALCOS for Grade 8, Objective 1, which states, “students
will identify steps within the scientific process” and Objective 9, which states, “students will
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describe how mechanical advantages of simple machines reduce the amount of force needed for
work (ALSDE, 2005, p. 28).”
Observations began in the classroom on day one, where Teacher E passed out handouts
and sticky notes as students entered the classroom and settled down. Teacher E began the lesson
by asking students to reflect on what they remembered about the concepts of load force, effort
force, and balance from previous lessons. Students wrote or drew their reflections on their sticky
notes, then posted them on the large sheets of paper hanging around the classroom. After
discussing their ideas, students completed a getting started handout drafted by the teacher, in
order to prepare for the first activity. Teacher E then asked volunteer students to share their ideas
on the white board at the front of the room. In order to elicit the prior knowledge of her students,
Teacher E reviewed some of the important concepts from the activity using the diagrams
previously drawn on the other side of the white board, and then asked the students to share some
real world examples for each concept. Teacher E then guided the students as they completed
their planning sheet from the AMSTI lab manual. She referred her students to a PowerPoint
presentation and the student lab manual to assist them in this process.
On day two, Teacher E distributed sticky notes and handouts as students entered the
laboratory room. She asked the students to either draw or write their preconceptions about the
concept of torque, and then they posted these ideas on the large sheet of paper at the front of the
room. After a brief review of the students’ ideas, Teacher E reviewed the directions for the day’s
activity. As students worked on the activity and answered questions on the handout from the
AMSTI lab manual, Teacher E walked around the lab room to monitor student progress. She
would periodically stop and have the class discuss their data and answer questions to ensure they
were on task. Once the students completed the activity, Teacher E formally defined torque on the
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board for students, and then asked students to interpret the data collected. Towards the end of the
period, she had students clean up the lab and prepare materials for the next day.
On day three, Teacher E began class by asking students to think back to a lesson from the
section on machines, and asked them several questions to elicit their prior knowledge. She then
previewed the day’s activity before students began collecting data. As with day two, Teacher E
walked around the lab room to monitor student progress. She would periodically stop and have
the class discuss their data and answer questions to ensure they were on task. When students
completed the activity, Teacher E reminded students of the important content from the activities,
on which they would be assessed the next day. Students then completed graphs of their data and
turned them in at the end of class. Teacher E planned to debrief the two activities using a concept
map along with questions related to readings from the lab manual on day four, which was not
observed.
Figure 23 details the RTOP scores for Teacher E in each section on each observation day.

Figure 23. Reformed Teaching Observation Protocol scores for Teacher E.
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Teacher E’s RTOP scores for day one (75 out of 100), day two (79), and day three (74) were
very similar. On all three days of the observed lesson, Teacher E asked her students to reflect on
their previous learning, facilitated the activities, and asked questions as her students worked.
Teacher E’s RTOP scores were higher than were the scores of the other participants, because she
utilized reflecting techniques that were not suggested in her teacher’s guide on each day of her
lesson.

Curricular materials. The materials collected from Teacher E’s classroom included
teacher and student copies of Lesson 13: The Lever from STC-MS’s Properties of Matter module
(Appendix R and Appendix S). The results of the AIP classification process are shown in Figures
24 and 25.

Figure 24. Assessing Inquiry Potential results from Lesson 5: The Lever, Teacher’s Guide
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Figure 25. Assessing Inquiry Potential results from Lesson 5: The Lever, Student Manual

In the teacher’s guide for Lesson 13: The Lever in the Energy, Machines, and Motion module,
the researcher classified 42.2% of the sentences as informational and 35.9% of the sentences as
non-assertion. This occurred because the majority of the sentences (78.1%) in the teacher’s guide
explained how to set up and facilitate the lesson, and how students should respond to questions.
In the student manual for the same lesson, the researcher classified 29.6% of the sentences as
non-assertion and 22.6% of the sentences as non-science. This occurred because the majority of
the sentences (52.2%) in the student manual provided the students steps for conducting each
portion of the activity, along with information about how the lever concept is used in artwork.
Experiential sentences made up 10.9% of teacher’s guide and 7.6% of student manual, indicating
students could verify a small percentage of the knowledge claims through experimentation.
During the interview process, Teacher E indicated she used only the AMSTI books in her
classroom by stating, “I never dreamed that I could actually carry on a class and have enough
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information and enough resources to never have to pick up a textbook.” The researcher saw the
teacher and students use only their AMSTI books during the multi-day observation.

Research question 1: What level of inquiry do individual AMSTI middle school
science teachers utilize in their classrooms? The analysis of data from the RTOP and AIP
indicated that each of the participants were utilizing inquiry-based practices during their
observed lessons. The researcher determined the quality inquiry in each of these lessons to be
structured inquiry, because the students “did not know answers beforehand, but they were given
procedure” and “the selection of activities and materials is structured to enable her/him to
discover relationships and to generalize from the data collected” (Sunal, 2009, p. 8).

Chapter Summary
This purpose of this chapter was to present and analyze the case study data collected
through classroom observations and curricular materials. Analysis of the RTOP data and AIP
data indicated all of the participants utilized inquiry-based methods of teaching and learning in
their classrooms during this research study. The AIP data also indicated the level of inquiry in
the AMSTI curricular materials utilized by the participants was level 1, or structured inquiry.
The next chapter will present and analyze the phenomenological data collected during the
participant interviews.
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CHAPTER 5
PRESENTATION AND ANALYSIS OF PHENOMENOLOGICAL DATA
Chapter Introduction
This purpose of this chapter is to present and analyze the data collected during the series
of phenomenological interviews, in relation to the phenomenon of sustaining inquiry-based
methods of teaching and learning through the context of the Alabama Math, Science, and
Technology Initiative (AMSTI) program at the middle school level (grades 6-8). To analyze this
interview data, the researcher followed the modified Stevick-Colaizzi-Keen method for
phenomenological research described by Creswell (2007). The first section of this chapter
presents a list of themes the researcher discovered within interview sets, along with the clustered
themes discovered across the interviews. The analysis of these clustered themes is then presented
through a textural description and a structural description of the phenomenon. Finally, a
composite description of the phenomenon is provided to answer the last three research questions
of this study: how do individual AMSTI middle school teachers’ experiences with inquiry
influence their ability to sustain inquiry-based methods in their classrooms; how do individual
AMSTI middle school teachers’ beliefs about inquiry influence their ability to sustain inquirybased methods in their classrooms; and how do individual AMSTI middle school teachers’
understandings of inquiry influence their ability to sustain inquiry-based methods in their
classroom?
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Interview Themes
For this study, the researcher developed a set of prompts that served to guide the
interviews while allowing each participant to “reconstruct his or her experiences with the topic
under study” (Seidman, 2006, p. 15). The focus of interview one was the participants’
experiences in the past as a science student in elementary, middle, and high school, as well as
their experiences in college. The focus of interview two was the participants’ present experiences
as a science teacher using inquiry-based methods within the AMSTI program. In interview three,
the focus was the participants’ reflections about the observed lessons, along with ideas about
their future practices with inquiry-based methods as a science teacher in the AMSTI program.
The researcher also asked the participants how they felt about the scripted nature of the AMSTI
curriculum in terms of teacher autonomy, based upon the large percentages of non-assertion and
informational sentences in the AMSTI teacher materials.
To organize the data collected through the interview process, the researcher utilized a
simplified version of Stevick-Colaizzi-Keen method described by Creswell (2007). These steps
included:
(1) describing personal experiences with the phenomenon under study;
(2) developing a list of significant statements;
(3) taking the significant statements and group them into larger units of information
called themes;
(4) writing a description of “what” the participants in the study experienced with the
phenomenon, or the “textural description”;
(5) writing a description of “how” the experience happened, or the “structural
description”; and
(6) writing a composite description of the phenomenon incorporating both the textural
and structural descriptions (Creswell, 2007, p. 159).
The researcher described her personal experiences with the phenomenon of sustaining the use of
inquiry-based methods in chapter 3. The themes within each interview and their meanings are
presented in Table 8.
138

Table 8
Themes and Meanings by Interview

Interview
One

Two

Theme
Traditional teachers as K-12
students

Meaning
During their years as K-12 students,
all of the participants had very little
experience with hands-on science.

Positive impact from vivid handson memories on current practices

All of the participants shared how
their rare hands-on K-12experiences
influenced their work as science
teachers today

Lack of inquiry training in
teacher preparation programs

Each participant indicated he or she
had little to no training on inquirybased methods in their initial
educational coursework.
Each participant expanded upon his or
her definitions of inquiry provided in
the initial questionnaire.

Definitions of inquiry

Current positive student outcomes The participants indicated there were
several positive student outcomes of
their use of inquiry through AMSTI

Three

Improved teacher practice today

All of the participants felt their use of
inquiry through AMSTI had improved
their classroom practices.

Current availability of materials

The participants noted how the
AMSTI program provided them with
materials needed to use inquiry in
their classrooms.
Each participant explained how the
observed lesson was a good example
of his or her ideas about inquiry.

Ideas about inquiry with AMSTI

Future positive student outcomes

The participants indicated future
positive student outcomes of their use
of inquiry through AMSTI.

Continued improvement of
teacher practice

The teachers predicted their practices
would continue to improve with their
use of inquiry through AMSTI.
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Future availability of materials

Each of the participants discussed how
his or her use of inquiry would be
impacted in the future if they did not
receive materials from AMSTI.

Teacher autonomy

All of the participants felt the AMSTI
curriculum provided them with
sufficient autonomy, in spite of its
scripted nature.

The researcher clustered several of these themes together into two broad themes that emerged
across the interviews: evolving ideas about inquiry and beliefs about the benefits of inquiry
through AMSTI. These clustered themes are presented in table 9 and will be discussed in detail
through the textural description, structural description, and composite description that follows.

Table 9
Clustered Themes across Interviews from Original Themes within Interviews

Clustered Theme across Interviews
Evolving ideas about inquiry

Beliefs about the benefits of inquiry
through AMSTI

Original Themes within Interviews
 Traditional teachers as K-12 students
 Positive impact from vivid memories of handson lessons on current practices
 Lack of inquiry training in teacher preparation
programs
 Definitions of inquiry
 Ideas about inquiry with AMSTI
 Current positive student outcomes
 Improved teacher practice today
 Current availability of materials
 Future positive student outcomes
 Continued improvement of teacher practice
 Future availability of materials
 Teacher autonomy
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Textural Description of Interview Themes
According to Creswell, the textural description of a phenomenological study includes a
discussion of “what the participants in the study experienced with the phenomenon” (2007, p.
159). For this study, the participants experienced evolving ideas about inquiry and beliefs about
several benefits of inquiry through the AMSTI program. These experiences are discussed in this
section through verbatim examples from each of the phenomenological interviews.

Evolving ideas about inquiry. The interview process revealed the participants evolving
ideas about inquiry. In interview one, the participants discussed their past understandings of
inquiry. During interview two, the participant revealed their present ideas about inquiry and
related those ideas to their experiences with the AMSTI program. In interview three, the
participants described how their understandings of inquiry could change in the future.

The past. During interview one, all of the participants indicated they had very little
experience with hands-on science as K-12 students. When asked specifically about her science
experiences in school, Teacher A stated, “When we were in elementary school, we didn’t do this
fun stuff, we used books and that was it.” While she didn’t expand upon her middle school
science years, she did recall a few experiences from high school, “like biology, dissecting stuff;
physics, doing labs and stuff like that; chemistry, you remember doing the labs, the different
things.” She then added, “It wasn’t a weekly thing or anything like that, but I do remember the
labs, and book work.” Teacher C had similar memories of elementary school, noting, “In
elementary school [K-6], science was book work, answering questions. There was very little
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hands on doing, most of it was straight out of the book; we answered questions out of the book.”
She later elaborated on her elementary and high school memories:
I remember back in elementary school, we were in straight rows, a lot of it was individual
work. Sometimes we would work together; but most was on your own, reading, talk
about it out loud sometimes, whole class instruction I guess you’d say. We would talk
about it, do some worksheets, read about it. I don’t remember much group work at all.
Now when we got to high school, I can remember working in groups, working at the lab
tables. We did some labs. I remember we did coloring sheets with anatomy, got the
opportunity to dissect some things, look in the microscopes, but he still did quite a bit of
lecturing. In 9th grade, he did more demos and a lot of lecture-type instruction. I don’t
remember sitting in groups and doing things together; that didn’t happen a lot until we
got to high school.
In describing his elementary school years, Teacher D had vivid memories of only a couple of
hands-on learning experiences, which occurred in grade three and grade seven. He did not recall
much about elementary school otherwise. However, when he discussed his grade eight
memories, he noted,
I don’t remember eighth grade science at all. I do remember it was a lot of book learning;
back then, it was the same thing; but the second year immersed in it, whatever you had in
the seventh grade you had in the eighth grade as well.
Teacher D then discussed his high school science experiences by stating,
Biology [grade 10] was a nightmare, it was strictly book learning, the teacher would
come in, hand us a worksheet. Chemistry [grade 11] I remember we would have a few
things set up in the lab… but I don’t remember much about twelfth grade, mostly book
work as well.
Teacher E had similar memories of her years as a science student, saying,
There was no hands on work. Work was done individually, no group work because they
wanted total silence. There was not a whole lot of interaction. Middle and high school
teacher would get up and lecture, not a whole lot of book work, maybe at the beginning,
but she did a lot of discussion and lecturing.
She later expanded on her memories by stating,
Based on what I remember, school was sitting in a desk, writing on a piece of paper, and
the teacher would write on the board the directions. And what you would do you would
sit there, do the work, turn it in, probably through sixth grade.
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When asked their opinions about why their teachers used such traditional methods of
teaching, two of the participants believed it was due to lack of materials or funding. Teacher A
recalled, “I can remember, in Biology, them talking about the funds and stuff, how much it costs
to get different things.” Additionally, Teacher E stated, “For middle school and high school, I
think she would have done more if she had money.” In addition to the lack of materials or
funding, two of the participants also felt their teachers taught they way they had learned as
students. For example, when asked the question “why do you think your teachers taught you that
way”, Teacher A stated, “It is what they knew.” Similarly, Teacher C noted, “…probably
because their teachers did. I would think that was probably the way they learned science. At that
time I guess lecture was probably a big thing.”
When asked to describe a vivid experience from their years as a student in science, all of
the participants recalled participating in occasional hands-on activities. Teacher A remembered
her fifth-grade science teacher by stating,
The only thing I ever remember from elementary school with science…we did some kind
of experiment with cleaning up oil or something. And we had three different labs where
we had a straw where we sucked the oil up, or we dabbed it up, and I don’t remember the
other one. But I remember I got to do one of those and it was a whole group lab.
She also recalled an experiment from her physics class in high school:
We had to build a suspension bridge. I don’t remember all the content we were talking
about, but we had to build our own, and we tested them, we put different weights and
stuff on them, so I remember that part. And we broke them. We took all this time for
building them, then everybody’s broke.
Teacher C remembered her grade 10 biology teacher, who also taught her anatomy in grade 11,
because “he would bring things into the lab, we dissected a possum, put it to sleep, dissected
him, and sewed him back up.” When in seventh grade, Teacher D had many experiences with
hands-on science:

143

At the time we didn’t have the big plastic two-liter bottles. We had to build rockets out of
the bottles we had at the time. And we would use the paper rockets and shoot those.
Actually constructing a rocket that we could see work, I can remember that well. I can
remember building planes out of balsa wood with little rubber band propellers. Just being
able to touch the things we were working on, like the planets, building our solar system.
When we did earthquakes we would have chocolate pudding with the graham crackers,
and we would get to eat it after class. It was pretty different and that’s why I liked it so
much.
For Teacher E,
In high school, the most vivid was when we dissected cats, because they were big and
they were very smelly. I was so amazed at how much the organs looked like what I’d
seen in books and how much they compared to what they would be in the human. The
picture in the book was actually what it looked like, and I was totally amazed.
After their discussions of their vivid memories experiences, the participants added how
those hands-on experiences influenced their work as science teachers today. As Teacher A noted,
I think it did impact me: teaching about suspension bridges and how bridges are made
and stuff, so there was impact there. It was learning, even though we did break it, we did
figure out how it worked. It makes me realize that there are different ways that we learn.
But I think the more hands on, you remember longer, throughout the year, that you did
that. You may not remember all the content to it, but you will remember the basics of it.
In regards to her experiences as a science student, Teacher C stated, “It is safe to say that I
wanted to teach science because of my experiences, especially that one teacher in biology and
anatomy. I was like, wow, this is what I want to do.” Teacher D said, “I knew that I wanted to
be a school teacher someday, even in seventh grade. Because I liked what he did, the way he
taught.” Then he added, “…the ones [experiences] that I didn’t enjoy, I try not to do. I try not to
bring that mind set into my classroom.” While Teacher E worked as a medical technician prior to
becoming a teacher, she also felt the influence of the hands-on experiences provided by her
anatomy teacher:
I enjoyed it! I thought it was great. It was one of my better high school experiences,
because I felt I actually did something different from sitting in a desk and I hated sitting
in a desk. I give her all the credit for me wanting to go into a medical field. In her
anatomy classes, she talked about a lot of different disorders of the human body and it
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really fascinated me, so I really think that is why I went into a medical field in the
beginning.
In the demographic survey, the researcher asked each respondent to describe their
definition of inquiry. Teacher A noted to her, inquiry was “hands-on learning”. During interview
one, when asked how her past experiences added to her ideas of inquiry, she said,
It makes me realize that these kids, later on, they are going to remember this stuff that
they are doing. Even though some of them may want to read out of the book, as long
term, they are going to remember.
Teacher C said she believed inquiry was, “students discovering through their explorations”.
When she related her experiences to her definition of inquiry, she stated, “I think that actually
discovering an answer for myself was more than, a teacher telling me something, I don’t always
know that I believe it. So to actually experience it for myself, it made it stick.” In his original
survey, Teacher D said to him inquiry was, “doing research and learning from that”. When
connecting his ideas to his experiences in school, he noted,
We always had to do research reports once or twice a year. Building the airplane, we had
to research on the airplane and learn about the different types of laws about uplift and that
kind of stuff. Then you got to see how it performed.
He then expanded upon his ideas of inquiry by adding,
Anytime you have to research how something works, then build what you are
researching, it gives that added knowledge. Because it is hands-on, inquiry as in you are
investigating, and there is the aspect you are going to remember what you see, touch, do.
Early in the interview, Teacher E noted,
I liked my science teacher, the way she discussed things, and got our ideas. It was almost
[as if] she was like the pre-inquiry because her discussions were trying to pull things out
of us and get us started thinking about why…like when she would give us different
disorders, she would ask us what do you know about what we learned, she would make
us think. We didn’t know what was going on at the time.
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However, she was the only participant who did not feel her experiences related to her inquiry
definition of “using prior knowledge to gain a greater understanding of the subject through
hands-on activities”. She stated,
I think that came much later, I don’t think that helped me at all. I think I discovered that
after I started teaching, because I didn’t feel like the way kids learned back then was the
best way, and now I don’t teach that way.
In regards to her use of inquiry, at the end of the inteview she added,
One thing that popped into my head, when I said I hated sitting in a desk, the reason was
because I could not focus…that is one reason I have jumped into inquiry, because the
students are active…I think it is important to keep everyone’s mind on task while I have
them.

The present. During interview two, Teacher A expanded upon her previous definition of
inquiry by saying, “As far as students figuring it out on their own, I am not just telling them their
answer, they are actually doing their labs and figuring out what everything means. That is how I
feel about it.” In Teacher C’s expanded explanation of inquiry, she added,
I would like to say that I like the kids to discover things for themselves, but being a little
bit old school, I think they have to be pushed somewhat. Like when we are doing some of
these things, you ask them to do their own data table, I have to give them a push, a little
example. It’s good when I give them a worksheet to go along with it, just to see how to
do it. But they try, they try. To me inquiry means that they are going to discover…for
themselves.
In this interview, Teacher D added to his definition of inquiry by saying, “Inquiry is all about
asking questions.” Teacher E expanded her explanation of inquiry by saying inquiry is, “giving
them [students] things to work with…making them get to thinking about what we were going to
talk about.”
During interview two, the particpants further expanded upon how they developed their
ideas about inquiry. Teacher A indicated her work with the AMSTI program gave her a better
understanding of inquiry, stating, “I think it has made me realize not just to tell the kids the
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answer, let them figure it out themselves.” In contrast, Teacher C felt like she learned about
inquiry through “trial and error” at first. She then added, “When I started looking at inquiry in
the National Standards when I was doing National Boards. That’s probably when I really started
looking at what does it mean to inquire.” She also felt the AMSTI program had expanded her
ideas of inquiry:
I think that with inquiry, the kids still have to know up front it is okay to mess up.
Because if you are discovering for yourself, there are different paths to get to the same
thing. They have to learn that when they are doing an experiment, they just can’t look at
this group and say ‘our group isn’t doing it like them’. They have to figure it out for
themselves.
When discussing how he learned about inquiry, Teacher D indicated, “It is just what I know,
what I’ve heard of, is just a concept. I don’t really have any background in it at all.” Later during
the interview, he added, “I always based my learning, even in social studies on inquiry…you
have to have inquiry whenever you want to have depth and background learning for a major
objective” and “It isn’t really any different than the way I used to teach, because I have been
teaching for eight years and been using AMSTI for six of those eight years,” indicating the
AMSTI program played a role in shaping his ideas about inquiry. It was advanced coursework
that first helped Teacher E expand her knowledge about inquiry:
Probably when I started my Educational Specialist [coursework]. I knew about it, and
actually I had done a few things in my classroom that were kind of inquiry based, but I
didn’t know what I was doing, just what I thought would be cool to do. Then I found out
that was actually something you were supposed to do. Really when I started my
Educational Specialist, [my professor] brought it out.
With regards to the AMSTI program, she later noted, “I don’t guess it has changed my ideas, but
it has enhanced my thoughts and my conviction that inquiry is the way to go.”
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The future. The participants’ evolving ideas about inquiry continued into the third
interview, where the participants were asked about the future of inquiry in their classrooms.
Teacher A said, “Hopefully I will still be doing the same, getting them started, observing them,
making sure they are doing what they are supposed to do.” She then added, “I feel like they do
need to be engaged, besides just what I tell them, they need to be talking with their team and
figuring things out also.” When the researcher asked Teacher C if she would do inquiry without
AMSTI, she replied,
Yes, because I think kids need to be able to do things to retain the information. I think
science is all about asking questions and finding out things for yourself. But I don’t want
them to believe me just because I said so. I want them to discover it for themselves.
When discussing his future practice with inquiry, Teacher D added,
…because of our increasingly competitive global economy…it takes programs like AMSTI,
it takes open-ended classroom discovery, hands-on projects…more labs, more hands-on labs.
As technolgy progresses and we try to compete more, you will see more technicality in the
labs, more hands-on.
Teacher E indicated the direction for inquiry in her future classroom practice by stating,
I would like to see it be more like a business, like a workplace instead of a classroom, like a
working lab. Where they come in and actually intitiate lessons and I truly guide them, I am
their supervisor and they own the classroom, that it is their work and not me making them do
it. That is what I would like to see.

Benefits of inquiry through AMSTI. During interview two and interview three, the
participants shared their beliefs about the benefits of inquiry. They believed their use of inquirybased methods benefitted their students in a variety of ways. The participants also believed they
benefited from their use of inquiry through AMSTI. Finally, the participants discussed how the
materials provided by AMSTI facilitated their inquiry-based practices.
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For students. Teacher A believed there were several positive outcomes of inquiry used in
her classroom, which she indicated during interview two. She first noted,
It is better I think, for both [teacher and students]. It is like I said, the management issues,
after you get that under your belt, the kids really enjoy it. They love coming to science
now because they know they are going to get to do something fun, but they are actually
learning too.
Teacher A then stated,
Before I did labs, but they were whole group labs. But when they are on their own, it is a
little bit different. When you do realize they are doing what they are doing, it is like an aha moment, because you hear them saying what they are supposed to be saying and they
actually have learned something.
Finally, she added through AMSTI, she does “more hands-on learning and I feel like they are
understanding the big concepts better.” During interview three, Teacher A indicated her belief
that her students learned better through inquiry, because “they are retaining it. If I just asked
them something, they can remember it, because they can think back to the lab that they did.” She
later added,
It is important because they are learning, and I can tell a difference from them just
reading and answering questions from a book. I can tell a difference in their retaining the
information and understanding why stuff is happening and seeing the actual causes.
Teacher A also indicated her students had learned how to work together through her use of
inquiry and AMSTI, noting “…there is so much cooperation in what I do…they have to decide
their jobs. When I first start, I assign their jobs specifically, but they have learned how to take
turns and work together, and I’ve noticed that.” When discussing the future of inquiry in her
school, Teacher A said,
I can tell more teachers are getting into it, into doing AMSTI more. At first they were
kind of hesitant and they didn’t want to change their ways, but I think they are realizing
the positives of it, how it is affecting the students, and they are encorporating it more.
They see the kids enjoying it more.
She later added,
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I can tell a difference here also now that the teachers before me are doing it, because they
realize how they work together, compared to before ‘is she really letting us talk, are we
really supposed to be doing this together?’ It has also helped out with management.
In interview two, Teacher C noted how her beliefs about the benefits of inquiry related to her
ideas about inquiry:
Because I think you have to discover things for yourself for you to know its true. I don’t
always want someone to tell me, this is why this is like this, I would like to discover they
why, and once they discover for themselves, (snaps fingers) they make those cognitive
connections that help them learn the next steps even more. I think it even helps, being
able to make these connections, getting these little steps, as they go to the next steps, it
makes learning a little bit easier, a little bit deeper. I guess it helps you make those
connections because you are discovering for yourself.
She later gave an example to support her beliefs:
Like when I am teaching monocots and dicots with seventh grade life science you could
tell them all day long that dicot has two cotyledons. You can ask them to write down how
a monocot is going to grow differently from a dicot. But to actually put the seeds in,
germenate the seeds, watch the two cotyledons come out with the dicot, and the leaves
and the veins, all of the characteristics of that bean seed. And on the other side of the cup,
they do it in a cup, they get to observe how the roots grow on the monocot on one side
and the dicot on the other. So they are actually getting to do it and see it, I feel like they
are going to remember it. Now that they have done it themselves, they will be able to
know it when they get to biology in tenth grade. And our graduation exam scores [in high
school biology] are really good.
Teacher C also added, “I think they actually have to get more engaged. I feel like there is more
student engagement…[with] each other, not necessarily with me.” When asked if there was
anything else she wanted to say about her future teaching practice with inquiry during interview
three, Teacher C also noted,
I think as they continue to do it in elementary, they will know a little bit more, and to me
it makes it easier when they have a little bit of basis in what you are talking about when it
comes to inquiry. These kids I have now probably had AMSTI starting in sixth grade, so I
see it improving. It is much better now than it was two years ago when they never had
AMSTI, so I think it will continue to improve.
She later added,
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I have some of the kids in seventh and eighth grade that didn’t have AMSTI when they
were in the third, fourth, fifth, and sixth grade levels, so they weren’t doing inquiry then,
so they are more resistant to it now. I feel like as they continue to do AMSTI in
elementary, they will be better at thinking through a problem, how to figure out an
answer, how to make a chart, how to make a graph. I think they will know some of those
concepts before they get to me.
During interview two, Teacher D noted his belief that inquiry improved student
achievement when he first started utilizing the AMSTI program in his former urban school:
We saw such a great jump from the first year in testing alone, then in the second year
they made great strides again. So when you can make a gain in testing, with inner city
kids that don’t have a great background in education, it tells you something is right with
the program.
Teacher D also indicated his beliefs about the importance of student engagement through
inquiry:
…they are used to doing things at home with their hands, internet, video games, iPod,
and they come to school and they have to do this, you have to data sheets, formlate data,
build something, its hands on, you see how it works. That piques their interest. A lot of
times they are in here in the lab, they will say ‘is it time to go already?’ I have my
coach’s whistle which I blow when five minutes are left, they’ll go, ‘but it goes by so
fast!’ Well of course it seems to go by fast because your are busy and your mind is
occupied. A lot of kids are not interested because they struggle with science. But with the
majority of the kids, you can see that the AMSTI program is really developmental in their
educational process.
In his discussion about the observed lesson during interview three, Teacher D stated,
A lot of the students made connections. You just hear the students talking about what
they are learning, and get emails from parents saying ‘great job, my kids are coming in
asking me questions about how something works or telling us about how something
works in the real world.’
He later noted inquiry “teaches them [his students] to be able to work with others in a team in the
workplace.”
In interview two, Teacher E noted her belief about improved student engagement through
her use of inquiry:
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It seems like in the past, by this time [November], the kids were absolutely hating
everything I did. They aren’t now, they are still all involved, all enjoying it…everything
we’ve done, they are so excited about…light bulbs are going off…I love those light bulb
moments.
She also believed inquiry helped “with higher order thinking skills. I really think that is the most
important reason. And I think by doing the inquiry, they are actually better able to understand
and process the material that I teach.” Teacher E also added,
They are interacting a lot with each other. And they will discuss ‘is this the way we are
supposed to do it?’ , going back and reading, and they’ve gotten good at assigning jobs to
each other. Now they’ve gotten where they work really well together ‘you go do this, and
I am doing this’ and they are much better at that. And that isn’t something that I have
tried to train them in. That is not even what my goal was, but now ‘wow, they are doing
that on their own, that is pretty good.’ I was just impressed I was getting the lesson out
there, much less have them working as a group.
When asked about why the lesson observed related to her ideas of inquiry during interview three,
Teacher E said, “Because I am able to use experiences that children have from their lives, from
real life experiences. They are able to relate it to that and pull it into the lesson.” As she was
discussing her use of the performance assessments in the AMSTI modules, she noted,
I feel like the kids are understanding it more than the way I was teaching it [before
AMSTI]. I feel like the kids actually get it. They use the words properly, actually talking
in terms that they understand. I always felt like they were memorizing for the test, not
really understanding…my special ed students, some can’t read, but they are able to look
at what we are doing and use the words properly and fully understand it, even though
they can’t read.
After thinking about her future use of inquiry, Teacher E stated,
I feel like I am doing more inquiry than I have in the past, but I still feel like I am training
my students to do it, so I think I will be more advanced in the future. I still feel like I am
leading them by a rope. My students will also be better at it, because I can see a
difference from first semester until now…they are eager to jump in. Before they were
afraid to touch anything and I had to set it up and show them exactly what to do, so it is
much better.
Teacher E later shared her beliefs about how the lack of continuity of AMSTI in her school has
slowed the progress of positive outcomes in her school:
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I have offered to help the other [middle school] science teacher to set up their kits so they
could use it the next day. The fifth and sixth grade teachers also are the same. They think
it is cookbook and they don’t want to do that. The lower grades with science are using
AMSTI, and that is what stresses me. She [the elementary teacher] does all the AMSTI
and I could see how on fire they [the students] were for science, and now they don’t do
anything.

For teachers. In the second interview, Teacher A believed her inquiry teaching practices
had improved because of the AMSTI program. Prior to her use of AMSTI, “I would just give
them the answers and give them the lab, I think now I am not just telling them, they are figuring
out on their own.” She later indicated,
It feels like I understand it better and that I am doing a better job of making sure that they
are understanding the content compared to before, when I knew they weren’t paying
attention because it was boring, and they didn’t really care.
She also noted, “I think it is easier now, my kids are grasping a better understanding of it,
compared to just reading about it.” In interview three, she expanded upon that idea by saying, “I
think it has made me a better teacher and made me realize how students learn, and how you
engage students to make sure they are actively learning.” She later added, “As the years have
gone on, I have learned not to tell them so much and let them figure it out on their own.”
Teacher C had similar beliefs regarding the influence of the AMSTI program on her
abilities to teach science through inquiry, when she stated,“I would like to think as I continue to
do AMSTI, each time I do an activity I learn a little bit more.” While discussing her future
practice, she said,
I would like to see my students work more independently, as they come up from
elementary classes to be more willing to work through a problem without them wanting
me to answer ‘what are we supposed to do’. I want to see them doing it more
independently to where I am more or less just managing the equipment.
During interview three, Teacher C provided a couple of examples of her improved practice. First,
she stated,
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I think I am getting better. There are things that I understand more after doing it, is that
strange to say? Like the miosis training we did about three weeks ago, with the new sock
miosis lab, I really got it. Before I was like, I know how this works, but there was
something about…thinking back during miosis, when you have the crossing over, you
can’t really picture it. But when you start putting the socks out there and seeing how the
chromosomes can cross over and still have the same genetic information but a different
allele, it just clicked. And the thing that clicked with me, you know how you end up with
4 haploid cells, it has always been some kind of mystery, and it didn’t really dawn on me
that it was the same chromosomes, but just a copy. For me, who has known this stuff for
years and it made that one little thing clear, it is going to be great when the kids use it.
Then Teacher C added,
I do like the way AMSTI gives assessment and they aren’t typical test like questions, it is
more like performance assessment. The kids are tested many different ways with AMSTI,
and I didn’t do that before. I think I am having to rethink the way I assess, as I continue
to do AMSTI, I have to continue to assess a little bit differently. I am getting better.
In regards to his teaching practices, Teacher D believed, “As the years have gone by, I
have learned how to teach this kit and add things that work well for these students and maybe
limit one or two things that didn’t work so well.” In interview three, Teacher D said, “I can teach
the lessons a lot better now, because of this process and seeing the hands-on learning.”
Teacher E believed that through the AMSTI program, “It is all easier to teach than what I
have taught from the book for six years.” In response to a prompt about her future feelings about
using inquiry in her classroom, she reflected,
I haven’t learned everything there is to know. I still think that I give too much
information. I haven’t grasped the point of what little bit to give them, but I feel like I
have to. I would like to learn to step away from that, because I would like to see, like that
first day [of the observed lesson] when we did the getting started and that little bit of
information, I would like to see getting comfortable with them just walking in the lab and
start working.
Additionally, Teacher E said,
It makes me feel like I am a real teacher, as far as teaching something they will always
know. Not just memorizing facts for a test, not just spitting out something for them to
regurgitate. I am actually teaching them the things that they will know when they go to
college…I never felt that way before.
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Another benefit of the AMSTI program experienced by the participants was the
curriculum providing them sufficient teacher autonomy. Teacher A believed she had sufficient
autonomy with the AMSTI curriculum because
you can change it, you don’t have to go exactly by the book. When we do rocks and
minerals, I add a lot of things that I have to it, so you can pick and choose. No one is
telling us that we have to go step by step.
Teacher C shared those feelings, by stating, “I do change things as I need to. If I feel like I need
to change it for a certain set of kids I will change it.” She later expanded that comment with an
example:
I pretty much stick to the AMSTI, but if I feel like there is something else the kids need, I
will add to it. I do take my time to actually teach about the periodic table and how to use
it, and that isn’t anywhere in the AMSTI [eighth grade] curriculum…I mean it doesn’t
tell them these are the alkali metals, these are the alkaline earth metals, and I feel eighth
graders need to at least know where things are on the periodic table and how to use it.
Teacher D believed the AMSTI curriculum provided him sufficient autonomy because:
I feel like that I am free to make changes, but I like the scripted part of it because you can
pick and choose what you want…I do like the fact that it is scripted for us, but also
autonomous for us to use to match our textbook and also how our students learn in the
classroom.
Teacher E also indicated her satisfaction with automony through the AMSTI curriculum
stating,
I don’t feel like it is scripted because what I give my students is the procedure…I don’t
feel like I have to stick to it and in training they don’t tell us we have to. They say how
would your kids react to this? They encourage us to adapt it to our classrooms and our
students. I do not feel like you have to do it a certain way. I feel like I was encouraged to
tailor it to my students.
Teacher E also indicated,
I have modified some, I added the balancing equations…just because I have had so many
students come back to me and said when they got to chemistry it was so easy because you
had gone over that. I feel like I owe the kids that, and it is something I like to do.
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Materials availability. While the participants did not discuss the benefits of AMSTI
materials during interview one, in interview two Teacher A stated, “It is actually easier. You’d
think it would be more work, but getting the stuff ready for the labs, that is the stuff I am not
constantly planning lessons, it is right there at my hands ready for me.” She also added,
…because it [AMSTI] gives you everything you need. You don’t have to go out and
purchase anything. All of the lab materials I need for everything [are provided]. Recently
we did the solar viewing glasses where the students got to look up at the sun, because we
were doing sun spots, so all of the kids, 110 kids, got their own pair of glasses.
In interview three, Teacher A noted how the access to AMSTI materials affected her practice by
saying,
Well, I hope we still have the AMSTI program, so I have all the materials for it. But even
if something happened, I would still be doing the labs, it may have to be more whole
group instead of small group like we do now. I really like them working in small group,
because they understand things a lot more from their partner than me sometimes. They
get it better from talking to each other.
For Teacher C, she simply stated, “I like the stuff!” Then she expanded her thoughts by adding,
It gives me all of the materials that I need, and honestly I am not having to spend nearly
as much money as I used to spend. Even if there was an activity I used to do, AMSTI
provides me with something I can use to do it. No matter, it gives you the materials to do
what you need to do. And you don’t have to run out to Walmart at midnight because you
ran out of baking soda for the chemistry experiement. All of the materials I will need for
next semester, they are already here, in those kits. I have everything I need. And my kids
don’t have to donate things to help.
These thoughts were reiterated when Teacher C said,
They have all of the materials they need. I have always done hands-on, but this is more
organized. You have the supplies you need…each group has what they need to be able to
complete [an activity]. It isn’t like you have to share your pencils, or scissors, or crayons,
or whatever. If you are going to do a model for a Kinect kit, they have it for their group.
They have all the supplies they need to complete it.
Teacher C noted the importance of materials to student outcomes when she stated,
I do know that I think my kids…are very blessed to have the AMSTI equipment. I think
the kids win, because I think they are going to be better prepared for the future. They are
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going to be better prepared for high school, for their career, because they have been
allowed to get their hands on equipment that they will see later in life. I think that
experience gives them some more cognitive connections and gives them an advantage.
Even if they don’t have a science career, they will have an advantage in their daily lives.
Teacher D, who taught in a more affluent school system, did not mention the material
aspect of the AMSTI program in interview two. However, during interview three, Teacher D
believed the AMSTI materials influenced student outcomes, because “it gives them the
opportunity to look, see and touch the objects or the materials we are working with and associate
them with what we see in the real world.” Teacher E indicated her desire for continued access to
the AMSTI program:
I hope it never goes away, it it great. That is my only fear, no AMSTI. Because of the
materials, there is absolutely no way, unless I bought it out of my pocket, that I would
have these kinds of resources. And even if I bought it all myself, the time it would take
for me to gather all of these materials up, when all I have to do is walk to that kit and pick
it up. The time factor would be incredible without the materials.
When asked if she would still do inquiry without AMSTI, Teacher E added, “not as much,
because I couldn’t afford it. I wouldn’t have the money to do it as much as I do now.”

Structural Description of Interview Themes
The structural description of a phenomenological study includes a discussion of “how the
experience happened” through a reflection on the “setting and context in which the phenomenon
was experienced” (Creswell, 2007, p. 159). As previously discussed in the textural description,
the participants experienced evolving ideas about inquiry and beliefs about several benefits of
inquiry through the AMSTI program. These experiences and beliefs primarily occurred in the
context of the participants as students, and the participants as teachers in the AMSTI program.
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Participants as students. During the interviews, the participants described their
experiences as K-12 science students. These experiences were discussed in detail in the textural
description in this chapter. Three of the four participants noted when they were students, their
elementary teachers (K-6) primarily utilized individual bookwork. Bookwork continued for
participants through the secondary grades (7-12). However, the participants recalled lecture as
the primary mode of content delivery, with an occasional laboratory investigation.
As the participants became students in various teacher education programs, they indicated
little experience with inquiry-based methods as a teaching practice. When asked if she thought
her college education courses prepared her to teach using inquiry-based methods, Teacher A
replied, “No, I don’t. Because I had the one methods class for teaching science, and all we did
was read the chapters and did our reports on it and that’s it.” She added she did complete some
projects in her field experience, but “I don’t feel like teaching wise, that the teacher actually went
in depth into the stuff in class.” When asked about her memory of inquiry from her
undergraduate course work, Teacher C noted, “It was so long ago, there wasn’t a lot of emphasis
on inquiry.” Then she added, “It was later in my graduate courses in some of my papers I
remember writing about inquiry and the study of why, when I figured out that inquiry was the
way to remember things.” Since Teacher D focused on social studies during his undergraduate
education coursework, he did not take a science methods course. However, he noted, “I had a
pretty good idea of how I wanted to teach science based on what I had seen in the classroom [in
college science courses] and what I thought worked.” Similarly, Teacher E did not take any
educational course work in her undergraduate studies, as she was a science major. She first
learned about inquiry in graduate school, stating, “I earned my Master’s degree while teaching,
and I learned about inquiry, but don’t remember which class it would’ve been in, but I do
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remember discussing it. In [my] Educational Specialist [coursework] I have heard a lot about
inquiry.” She added, “It was 20 years between [my undergraduate] and Masters, so things
changed.”

Participants as teachers in the AMSTI program. The excerpts from the interviews
provided in the textural description indicated the participants first began to understand inquirybased pratices after they entered the classroom. While Teacher C indicated she first heard about
inquiry while working on her National Board Certification, and Teacher E indicated she became
more knowledgeable about inquiry during her Educational Specialist coursework, all of the
participants agreed the AMSTI program supported their ideas about and practices of inquiry.
When asked why the observed AMSTI lesson was a good example of her ideas of inquiry,
Teacher A stated,
Because they are figuring out, hands on, why we have these storms, instead of just saying
it is because of different air masses meeting, they are actually seeing how the different air
types are flowing and colliding and so forth. I can tell him how it happens, but they don’t
really get it until they see it, and that is what helps them remember it.
Teacher C felt her observed AMSTI lesson was a good example of inquiry to her because, “they
[the students] get to explore on their own. I think because they have to discover for themselves
what’s what, and I feel like that is the basis of inquiry, to discover for yourself.” Teacher D felt
the observed AMSTI lesson matched his ideas of inquiry because, “it gives the students a handson opportunity to understand the differences between characteristics and physical properties of
the materials they are working with.” For Teacher E, the observed AMSTI lesson was an
example of inquiry because, “I am able to let the students pretty much do the lesson on their
own.” As previously discussed in the textural description, all of the participants indicated the
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materials provided by the AMSTI program allowed them to practice inquiry on a consistent basis
with the students in their classrooms.

Composite Description of Interview Themes
In the composite description of a phenomenological study, the researcher incorporates
“both the textural and structural descriptions” to describe the essence of the study through a
discussion of “what the participants experienced with the phenomenon and how they experienced
it” (Creswell, 2007, p. 159). Here, the researcher provides findings from the interview data
analyzed previously in the textural and structural descriptions, in relation to the final three
research questions. In an effort to increase the credibility of the findings, the researcher
triangulated the findings using multiple sources of data. According to Merriam (2009), these
multiple sources of data include “interview data collected from people with different
persepctives or from follow-up interviews with the same people” (p. 216).

Research question 2: How do individual AMSTI middle school science teachers’
experiences with inquiry influence their ability to sustain inquiry-based methods in their
classrooms? The analysis of the data from interview one suggested each of the participants in
this study were influenced to sustain their use of inquiry because of their experiences as science
students. There was agreement among the four participants in each of the following areas:


their lack of experience with inquiry-based science as K-12 students;



their recollection of a vivid hands-on experience from K-12 schooling, which stood out
because those types of experiences were uncommon; and
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their enjoyment with these hands-on experiences, and dislike of the more traditional
forms of science teaching like bookwork and lecture.

Based on this evidence, the researcher found these experiences motivated the participants to
continue to use inquiry-based practices with their own students.

Research question 3: How do individual AMSTI middle school science teachers’
beliefs about inquiry influence their ability to sustain inquiry-based methods in their
classrooms? The data analysis from phenomenological interviews two and three suggested the
participants of this study were influenced to sustain inquiry-based practices in their classrooms
based on their beliefs about the benefits of inquiry through the AMSTI program. Each of the four
participants reported:


a belief that their work with inquiry through the AMSTI program improved their practice
as teachers;



an awareness of positive student outcomes through their work with inquiry and the
AMSTI program, including
o increased student learning,
o higher student engagement in science,
o improved skills, like working in a team; and



a belief that materials provided by the AMSTI program facilitated their ongoing use of
inquiry-based science practices.

Based on this evidence, the researcher found the participants were encouraged to continue using
inquiry-based methods in their classrooms.
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Research question 4: How do individual AMSTI middle school science teachers’
understandings of inquiry influence their ability to sustain inquiry-based methods in their
classrooms? The analysis of the data from all three of the interviews suggested each of the
participants in this study were influenced to sustain inquiry-based practices in their classrooms
through their evolving understandings of inquiry. During this study, the participants:


noted they had received little to no training on inquiry-based methods during their teacher
preparation programs;



indicated their work with the AMSTI curriculum supported their current understandings
of inquiry and their future visions for inquiry in their classrooms, including
o students doing hands-on learning and figuring things out in teams, as the teacher
facilitates,
o students discovering answers for themselves through asking questions and
conducting explorations,
o students asking questions, doing research, and learning from hands-on discovery,
o students initiating questions, then using prior knowledge and hands-on, minds-on
activities to gain understanding while the teacher guides them; and



pointed out their understandings about inquiry will continue to evolve, because they still
have more to learn about using inquiry in their classrooms.

Based on this evidence, the researcher found the participants’ understandings of inquiry have
evolved over time. Because the participants expressed a desire to learn more about inquiry-based
practices, the reacher also found they were inspired to continue to use those practices in their
classrooms.
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Chapter Summary
This purpose of this chapter was to present and analyze the data collected from the series
of phenomenological interviews. The findings from the interview data suggested the ability of
the participants to sustain their use of structured inquiry was influenced by their experiences
with, beliefs about, and understandings of inquiry. The next chapter will summarize the entire
study, relate the findings of the study to existing literature, discuss the implications of the study,
and provide suggestions for future research.
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CHAPTER 6
SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

Chapter Introduction
In the previous two chapters, the researcher of this study presented and analyzed the data
collected through phenomenological interviews, classroom observations, and curricular
materials. Following the suggestions of Moustakas (1994) for concluding a phenomenological
study, the purpose of this chapter is to summarize the research study in its entirety. In addition,
this chapter relates the study findings to prior research and discusses the study outcomes in terms
of implications. Finally, this chapter provides recommendations for future research related to the
topic of sustaining inquiry-based methods in science education.

Study Summary
The purpose of this research study was to investigate middle school science teachers’
sustained use of inquiry-based methods of teaching and learning in their classrooms through their
participation in the Alabama Math, Science, and Technology Initiative (AMSTI). Based on this
purpose, the research questions for this study were:
(1) What level of inquiry do individual middle school science teachers in the AMSTI
program utilize in their classrooms?
(2) How do individual middle school science teachers’ experiences with inquiry
influence their ability to sustain inquiry-based methods in their classrooms?
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(3) How do individual middle school science teachers’ beliefs about inquiry influence
their ability to sustain inquiry-based methods in their classrooms?
(4) How do individual middle school science teachers’ understandings of inquiry
influence their ability to sustain inquiry-based methods in their classrooms?
Qualitative methods of data collection and analysis were utilized for this study. Of the five
qualitative approaches to inquiry introduced by Creswell (2007), the researcher used a
combination of the case study method and the phenomenological study method. The overall
context for the cases was the AMSTI program, which was developed by the Alabama State
Department of Education in response to lower than average scores on the 1996 National
Assessment of Educational Progress (NAEP). The AMSTI Theory of Action suggests, “in order
to improve student achievement, teacher instructional strategies should include higher levels of
hands-on, inquiry-based instruction” (Newman, et al., 2012, p. xx). Each of the four teacher
participants in this study had a unique, individual context as well. The phenomenon was the
participants’ continued use of inquiry-based methods of teaching and learning beyond the
implementation phase into the sustaining phase. The term “implementation” refers to the “actual
use of an innovation or what an innovation consists of in practice” (Fullan & Pomfret, 1977, p.
336). According to Florian (2000), sustaining is the “continuation of classroom practices or other
activities that have been implemented during the reform program’s existence, and the decisions,
actions, and policies by school and district leaders that support that continuation” (p. 9).
After approval from the Institutional Review Board, the researcher invited all active
grade 6-8 teachers in the AMSTI program (approximately 800 teachers statewide) to complete a
demographic survey, along with the Stages of Concern (SoC) questionnaire (George, Hall, &
Stiegelbauer, 2006). While 45 potential participants responded to the survey, only 32 indicated
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an interest in participating in the full study. The researcher analyzed the SoC responses of these
32 teachers to determine which had their highest SoC scores in the “impact” levels of
consequence, collaboration, or refocusing. These “impact” level scores were the primary criteria
for participant selection, because they were indicative of teachers moving into the sustaining
phase of inquiry-based reform through their participation in the AMSTI program. Based on their
peak SoC scores in the “impact” levels, along with other variables like years of teaching
experience, years of AMSTI experience, educational experiences, and route to science
certification, the researcher selected the final six teachers to participate in the full study. Four of
these six teachers actually completed the full study, which involved a series of phenomenological
interviews and mulitple-day classroom observations during the 2011-2012 school year.
The researcher selected phenomenological interviews as the primary source of data for
this study, so each participant could “reconstruct his or her experiences with the topic under
study” (Seidman, 2006, p. 15). Each participant completed three interviews with the researcher.
The focus of interview one was to chronicle participants’ experiences as science students in
elementary, middle, and high school, as well as those in college. The focus of interview two
served to highlight participants’ present involvement as science teachers using inquiry-based
methods within the AMSTI program. The focus for interview three was the participants’
reflections on the observed lessons, coupled with ideas about their future practices with inquirybased methods as AMSTI science practitioners. To organize the data collected during the
interview process, the researcher utilized a simplified version of Stevick-Colaizzi-Keen method
described by Creswell (2007), which included describing her personal experiences with the
phenomenon; developing a list of themes within and across interviews; and writing a textural,
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structural, and composite description of the phenomenon to discuss participant experiences with
the phenomenon and how they experienced it.
In addition to interview data, the researcher conducted multiple-day classroom
observations of each participant, and collected curricular materials from each participant’s
classroom. This data was collected primarily to verify the participants were indeed utilizing
inquiry-based methods of teaching and learning, and to determine the level of inquiry occurring
in their classrooms. To assist in this verification of inquiry-based practices in the participants’
classrooms, the researcher used the Reformed Teaching Observation Protocol (RTOP) during the
multiple-day observations (Pilburn et al., 2000). The first portion of the RTOP instrument
provided space to collect data such as background information about the teacher, salient
observations during the lessons, and features of the classroom setting. The second section of the
RTOP allowed the researcher to score each participant during each observation in three main
sections using a Likert-type scale, to determine the degree to which “reform has been achieved”
(Sawada, et al., 2002, p. 251). The Assessing Inquiry Potential (AIP) instrument (Sunal, 2009)
was utilized to determine the quantity and quality of inquiry potential provided by the AMSTI
curricular materials used in the participants’ classrooms. The AIP instrument questionnaire
allowed the researcher to determine both the amount of and the level of inquiry presented in each
lesson observed. These researcher collected lessons from each participant’s teacher guide and
student manual, as provided by the AMSTI program. Analysis of both the RTOP data and AIP
data indicated each of the participants utilized inquiry-based methods of teaching and learning in
their classrooms during their observed lessons. The AIP data also indicated the level of inquiry in
the AMSTI curricular materials utilized by the participants during the observations was
structured inquiry. The findings from the interview data suggested further that the ability of
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participants to sustain the use of structured inquiry was influenced by their experiences with,
beliefs about, and understandings of inquiry.

Relating Findings to Research Literature
Research question 1: What level of inquiry do individual AMSTI middle school
science teachers utilize in their classrooms? The existing literature on the various levels of
inquiry (Bell, Smetana, & Binns, 2005; Blanchard, et al., 2010; Colburn, 2000; Eick, Meadows,
& Balkcom, 2005; Sunal, Sunal, Sundburg, & Wright, 2008) agree the instructional approaches
to inquiry can be classified into four levels: confirmation, structured, guided, or open. The degree
of inquiry in each of these levels varies based upon the role of the teacher or curricular materials
and the role of the students during each of the five essential features of inquiry provided by the
NRC (2000). Based on the analysis of the case study data in chapter 5, the researcher found the
participants’ utilized only structured inquiry during their observed lessons. This finding was
supported by the work Wheeler and Bell (2012), who noted the teacher provides the question and
method in structured inquiry, but the students do not know the outcome of the experiment. Jones
and Eick’s (2007b) study also supports this finding. In this study, they described the Science and
Technology Concepts for Middle Schools curriculum as providing a “framework for structured
inquiry” (p. 917).

Research question 2: How do individual AMSTI middle school science teachers’
experiences with inquiry influence their ability to sustain inquiry-based methods in their
classrooms? Based on analysis of the phenomenological interview data in chapter 4, the
researcher found participants’ experiences as students themselves had initially influenced their
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ability to sustain inquiry-based methods in their teaching practices. Participants reported little
experience with inquiry-based science during their time as K-12 students and disliked the
traditional methods utilized by their teachers. They also enjoyed and vividly recalled the
occasional hands-on activities during those years. These experiences motivated participants to
continue using inquiry-based practices with their own students.
Numerous studies in the literature note the important role science teachers’ experiences
play in their choice of classroom practices (Bulunuz & Jarrett, 2012; Dreon & McDonald, 2012;
Koc, 2012; Mansour, 2008; Milner, 2011; Varma & Hanuscin, 2008; Wilson & Kittleson, 2012;
Yezierski & Herrington, 2011). However, there were two studies focused on science teachers’
experiences as students that specifically supported this finding. In their study, Bryan and Abell
(1999) found four types of experiences, which influenced one pre-service teacher’s science
teaching and learning practices. The four classifications were: (1) experiences as a science
learner, both positive and negative; (2) experiences as an education student, including her
science methods course; (3) experiences as an observer of other teachers, both as a learner and an
education student; and (4) experiences as a student teacher in her practicum. Eick and Reed
(2002) noted the personal histories of the 12 teachers in their study influenced their science
teacher identities and their choice of practices. The participants’ weekly use of inquiry activities
correlated to their past preferences for learning science. For instance, one participant averaged
four structured inquiry activities per week, because she preferred to learn by seeing and doing
science. In contrast, another participant averaged one to two confirmation activities per week,
because he preferred to have science explained to him. For the participants that regularly used
inquiry, experiences also included “model science courses for teachers, varied teaching and work
experience, and/or experience doing science with scientists” (p. 411).
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Research question 3: How do individual AMSTI middle school science teachers’
beliefs about inquiry influence their ability to sustain inquiry-based methods in their
classrooms? Based on analysis of the phenomenological interview data in chapter 4, the
researcher found the participants’ beliefs about the benefits of inquiry through the AMSTI
program influenced their ability to sustain inquiry-based methods in their teaching practices. The
partcipants believed the inquiry methods of AMSTI improved their teaching practices and
provided their students with several positive outcomes. They also believed the availability of
materials from the AMSTI program facilitated their ongoing use of inquiry. Since the
participants believed their inquiry-based practices provided numerous benefits, they were
encouraged to continue using these practices in their classrooms.
There are numerous existing studies that support the participants’ beliefs that their
students benefit from inquiry (Blanchard, et al., 2010; Chang & Mao, 1998; Geier, et al., 2008;
Gibson, 1998; Hofstein, Shore, & Kipnis, 2004; Marx, et al., 2004; Minner, Levy, & Century,
2010; Roehrig & Garrow, 2007; Wolf & Fraser, 2008). The studies of Anderson (1996) and
Johnson (2006) support the participants’ beliefs that their access to materials influences their
ability to utilize inquiry-based practices on a regular basis. The literature also contains numerous
studies connecting teachers’ beliefs to their classroom practices (Bennett & Park, 2011; Duran,
Ballone-Duran, Haney, & Beltyukova, 2009; Fletcher & Luft, 2011; Leonard, Barnes-Johnson,
Dantley, & Kimber, 2011; Mansour, 2009; Milner, Sondergeld, Demir, Johnson, & Czerniak,
2012; Savasci & Berlin, 2012; Southerland, Gallard, & Calihan, 2011). However, two studies
were focused on the importance of teachers’ beliefs about the benefits of inquiry that specifically
supported this finding. In their study, Haney, Czerniak, and Lumpe (1996) found participants’
believed the implementation of inquiry in their classrooms would “increase student interest and

170

enjoyment in learning science”, “foster positive scientific attitudes and habits of mind”, “help
students learn to think independently”, and “make science relevant to students’ everyday lives”
(p. 981). Wallace and Kang (2004) noted each of their six participants “exhibited a core belief set
in favor of inquiry” (p. 957). Three of the participants felt inquiry could “foster independent
thinking, deep thinking, and problem solving”, which were skills they valued. One participant
believed his students could “gain conceptual understanding from inquiry-based investigations”,
while another believed “using inquiry-based strategies was the best way to enculturate students
into scientific thinking practices”. The final participant believed inquiry stimulated “creativity in
science learning” (p. 957).

Research question 4: How do individual AMSTI middle school science teachers’
understandings of inquiry influence their ability to sustain inquiry-based methods in their
classrooms? Based on analysis of the phenomenological interview data in chapter 4, the
researcher found the participants’ ever-evolving understandings of inquiry influenced their
ability to sustain inquiry-based methods in their teaching practices. While the participants each
had different definitions of inquiry, their current understandings of inquiry were influenced
primarily by their use of AMSTI curricular materials because they had little to no training in
inquiry-based practices during their teacher preparation programs. They also had a vision of what
inquiry would look like in their classrooms in the near future. These ideas included: students
doing hands-on learning and figuring things out in teams, as the teacher facilitates; students
discovering answers for themselves through asking questions and conducting explorations;
students asking questions, doing research, and learning from hands-on discovery; and students
initiating questions, then using prior knowledge and hands-on, minds-on activities to gain
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understanding while the teacher guides them. However, participants indicated they still had more
to learn about using inquiry in their classrooms. Because the participants expressed a desire to
learn more about inquiry-based practices, they were inspired to continue those classroom
practices.
There are many studies in the literature discussing how teachers’ understandings of
inquiry impact their teaching practice (Brand & Moore, 2011; Duran, Ballone-Duran, Haney, &
Beltyukova, 2009; Ireland, Watters, Brownlee, & Lupton, 2012; Kang, Orgill, & Krippen 2008;
Keys & Kennedy, 1999; Keys & Bryan, 2001; Kim & Chin, 2011; Park-Rogers, 2009 ;
Windschitl, 2003; Yoon, Joung, & Kim, 2012). However, two particular studies supported this
finding by noting these continually evolving understandings encourage teachers to utilize
inquiry. During their 2008 study, Moseley & Ramsey discussed how fifteen in-service teachers
broadened their understandings of inquiry. The authors stated teachers’ definitions of inquiry
evolved through their experiences with and reflections on inquiry-based activities in a graduate
level science methods course. The teachers’ ideas of inquiry were grouped into three themes
which emerged from the reflection process: “the process of inquiry, the continuum of inquiry,
and the goal of inquiry” (p. 53). As the teachers developed these new understandings, new
classroom practices emerged. In their study, Varma, Volkmann, and Hanuscin (2009) worked
with 40 elementary pre-service teachers in an undergraduate science methods course. During the
course, the teachers participated in various structued, guided, and open inquiry activities. Prior to
the course, the majority of the teachers had no understandings of inquiry as an instructional
practice. As a result of the course, most teachers indicated they intended to use inquiry-based
methods because “they understood the value of teaching and learning science through inquiry”
(p. 13).
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Implications
Recent reform efforts of science education in the United States have focused on the move
from traditional, teacher-centered, direct instruction methods to more innovative, studentcentered, inquiry-based teaching and learning. The National Science Education Standards (NRC,
1996) have led the push for this type of reform by promoting inquiry as a part of science
learning. The National Science Education Standards noted inquiry is required if students are to
learn the skills and processes associated with science and develop an understanding of scientific
concepts. The inquiry approach stressed in current reforms in science education targets content
knowledge, skills, and processes needed in a future scientifically literate citizenry (Keys &
Bryan, 2001). However, according to a recent report published by the NRC (2012c), “today’s K12 science classrooms generally reflect neither the calls for more fully developed inquiry
experiences in the national science standards nor the research evidence on how students learn
science” (p. 118). While the participants in this study did not experience hands-on science very
often as K-12 students, data from the National Center for Educational Statistics (NCES, 2012e)
indicates students in Alabama are now spending more time on hands-on activities (Figure 26).
Three of the four participants in this study currently teach in the same schools where they were
once students. Their experiences as science students in these schools involved very few inquirybased lessons. Now that they are educators in these same schools, they have implemented and
sustained the use inquiry-based methods with their students, in part through their participation in
the AMSTI program. Therefore, the first implication of this research study suggests as the
AMSTI program provides its structured inquiry curriculum and materials to more schools, and
more teachers begin to implement and sustain inquiry-based practices, more students may
experience hands-on science in grades K-12. A second implication of this research study is that
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as more teachers participate in the AMSTI program, they may realize the benefits of inquirybased methods for themselves and their students, so they may be more likely to implement and
sustain inquiry-based methods in their classrooms.

Figure 26: Percentage of time students spent doing hands-on science activities in 2009 and 2011.
Adapted from “NAEP Data Explorer,” by the National Center for Educational Statistics.
Copyright 2012 by the National Center for Educational Statistics.

As teachers improve their understandings of inquiry, they may be more likely to
implement and sustain inquiry-based methods in their classroom practices. Since the term
“inquiry” is so difficult to define, and practitioners of education need a working definition,
teachers need more opportunities to experience inquiry, both in their teacher education programs
and their professional development offerings. Therefore a third implication of this study is that
teacher education programs should help pre-service science teachers develop their initial ideas of
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inquiry based on the five essential features of inquiry in the National Science Education
Standards and the eight practices for K-12 science classrooms in the Next Generation Science
Standards. During their teacher education programs, pre-service teachers should participate in
inquiry-based activities that model all the levels of inquiry, in order to help them refine their
understandings of inquiry before they enter the classroom. A fourth implication of this study is
that providers of professional development like the AMSTI program might consider where
teachers are in their understandings of inquiry, and provide them with professional development
opportunities that expand their understandings to include the eight practices of the Next
Generation Science Standards.
In 2009, the NAEP science assessment provided students with hands-on tasks and
interactive computer tasks. These tasks were designed to “understand not only what students
know, but how well they are able to reason through complex problems and apply science to reallife situations” (NCES, 2012b, p.1). During the hands-on tasks, students spent 40 minutes using
“materials and laboratory equipment to perform actual science experiments.” While completing
interactive computer tasks, students spent either 20 or 40 minutes solving “scientific problems in
a computer-based environment, often by simulating a natural or laboratory setting” (NCES,
2012b, p. 2). The results of this portion of the NAEP indicated students were successful when the
investigations “involved limited sets of data and making straightforward observations of that
data”. However, students were challenged when investigations “contained more variables to
manipulate or involved strategic decision making to collect appropriate data” (NCES, 2012b, p.
8). Additionally, “the percentage of students who could select correct conclusions from an
investigation was higher than for those students who could select correct conclusions and also
explain their results” (NCES, 2012b, p. 9). The teachers in this study utilized structured inquiry,
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in which they provided their students with questions and the methods to collect data to answer
the questions. Therefore a fifth implication of this study is that as teachers become more
comfortable with inquiry through their use of structured inquiry, they need to incorporate more
guided and open inquiry so that students have more opportunities to answer their own questions,
design their own experiments, and make and communicate their own explanations.

Recommendations for Future Research
The participants in this study had varying understandings of inquiry. Since the term
“inquiry” can have such varied meanings (Abrams, et al., 2008; Blanchard, et al., 2010; Colburn,
2000; Martin-Hansen, 2002; Minner, Levy, & Century, 2010; NRC, 1996; Sunal, Sunal,
Sundberg, & Wright, 2008), future research should continue to investigate teachers’
understandings of inquiry, and how those understandings affect their use of inquiry-based
practices in the classroom.
The participants in this study also believed the scripted inquiry science curriculum
provided by the AMSTI program gave them sufficient teacher autonomy. Fang, Fu, and Lamme
(2004) examined a professional development model designed to move literacy teachers from
scripted curricula to complete autonomy. However, this issue has not been studied in-depth with
science teachers. Future research could clarify whether moving teachers away from structured
inquiry to more guided or open inquiry provides them with more than sufficient autonomy.
There are many barriers to educational reform, and these barriers can occur during any
phase of the reform process. There is existing research on how technical, political, and cultural
barriers affect the implementation phase of reform. Technical barriers include insufficient
training experiences, both in quality and quantity, and time for planning and collaboration with
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others. Political barriers include lack of support and leadership and lack of resources at the
school, district, or even state level. Cultural barriers include stakeholder beliefs and values about
teaching and learning (Anderson, 1996; Johnson, 2006). Through their participation in the
AMSTI program, the participants in this current study overcame some of the barriers to
implementing and sustaining inquiry-based methods of teaching and learning, like the access to
training, resources, and support.
Of all the barriers, beliefs are “a key factor in whether or not instructional practices will
be changed, and how they will be implemented and sustained” (Johnson, 2007, p. 176). Larkin et
al. (2009) reinforced the importance of placing teacher beliefs at center of educational reform. As
the AMSTI program expands into more schools across Alabama, they might focus future
research on teachers’ beliefs about inquiry, and how those beliefs influence teachers’ ability to
implement and sustain reformed practices like inquiry.
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Author
(date)

Title

Research Questions

Anderson
(1996)

Study of
Curriculum
Reform (Volume
I: Findings and
conclusions):
Studies of
educational reform

This study conducted
cross-site case studies
of educational reforms
to identify
implications for
policy, practice, and
research.

Baviskar,
et. al
(2009)

Essential criteria
to characterize
constructivist
teaching: Derived
from a review of
literature and
applied to five
constructivistteaching method
articles

The purpose of this
article was to describe
four essential criteria
of constructivism,
then use those criteria
to evaluate five
articles that claim to
describe constructivist
teaching.

Methodology
(Setting, subjects, variables
and instruments)
Nine middle and high
schools across the US
participated and were
selected based upon their
success implementing
advocated reforms (three
math, three science and
three across disciplines).
The study looked at
outcomes of reform,
resources for implementing
reform, implications for
policy, and implications for
needed research

The authors reviewed five
published articles to
evaluate their claim to have
implemented constructivist
methods of teaching.
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Results and Conclusions

Barriers classified as technical, political,
and cultural. Implications: advocated
reforms are complex but worthy of
pursuit; time is a dilemma for teachers
during reform; the reform process takes
a long period of time; reform requires a
change in beliefs and values of teachers,
parents, and students; teacher learning is
central to reform; parent learning is
important to reform; students engage in
new roles in reform; a breakdown in the
systemic support system can stall
reform; there is no going back on certain
aspects of reform; systemic view is
essential; and reform is an ongoing
process.
Criteria included eliciting prior
knowledge, creating cognitive
dissonance, application of knowledge
with feedback, and reflection on
learning; Three of the articles reviewed
did not adhere to the criteria, while the
other two did strongly. Inquiry-based
methods of teaching are considered to
be strongly constructivist. Constructivist
lessons can be implemented incorrectly
and become “un-constructivist”.

Comments

Barriers to
change and
implications
for reformers
(in general)

Constructivist
theory of
learning

Blanchard, Is inquiry possible
et al.
in light of
(2010)
accountability? A
quantitative
comparison of the
relative
effectiveness of
guided inquiry and
verification
laboratory
instruction

The purpose of this
study was to compare
guided inquiry-based
instruction to more
traditional instruction.

Florian
(2000)

The purpose of this
study was to
investigate the
sustainability of
reform initiatives
centered around
research-based
practices.

Sustaining
educational
reform: Influential
factors

A sample of 1700 students
in 12 middle school and 12
high school science
classrooms completed pre-,
post-, and delayed posttests surrounding a
weeklong forensics unit.
These tests were analyzed
using the Hierarchical
Linear Model. The
Reformed Teaching
Observation Protocol
(RTOP) was also utilized.
Four of eight districts
involved in a state designed
“enhancement initiative”
were selected based on their
successful implementation
of the initiative over its
entire three year period.
Interviews were conducted
with two state officials, a
site coordinator; district
superintendents and
administrators; and school
principals involved in the
initiative. Also, a focus
group of school staff
members was interviewed.
During analysis, interviews
were recorded, transcribed,
and coded.
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Students in the inquiry-based group
showed significantly higher post-test
scores. Also when the teachers had
higher RTOP scores, the students
showed more growth and longer
retention.

Levels of
Inquiry and use
of RTOP in
research.

Four changes sustained: innovative,
research-based instructional practices;
school-community partnerships; use of
technology in instruction; and site-based
management. Factors that enabled
sustaining: ongoing development of
human capacities engaged during the
initiative; school and district cultures
value learning, innovation, and
collaboration; district/ school structures,
policies, and resources support reform
goals; school/district leaders maintain
consistent vision, strategic plan, and
positive relationships; and supportive
activities.

Influential
factors for
sustaining
reform

Johnson
(2006)

Effective
professional
development and
change in practice:
Barriers science
teachers encounter
and implications
for reform

Kelly and
Staver
(2005)

A case study of
one school
system’s adoption
and
implementation of
an elementary
science program

Larkin et
al (2009)

Implementing and
sustaining science
curriculum reform:
A study of
leadership
practices among
teachers within a
high school
science department

What barriers to
science teachers
encounter when
implementing
standards-based
instruction while
participating in
effective professional
development
experiences?
The purpose of this
study was to examine
and discover the
processes used to
adopt and implement a
new science
curriculum.

Two middle schools in
central US participating in
whole-school PD while
implementing inquiry per
NSES were focus of study.
Teacher interviews and
classrooms observations
conducted and analyzed
using barrier to reform
rubric.
A case study approach was
used with K-6 teachers who
implemented the
“Discovery Works”
curriculum. Various sources
of data was collected,
including three
administrations of the SoC
questionnaire from the
CBAM, participant
observations, and
interviews.

In this study, the
authors described and
analyzed a curriculum
implemented and
sustained for over 25
years.

Interviews were conducted
with a department chair,
and five teachers of an
integrated science program,
and a retired department
chair. Interviews were
recorded, transcribed, and
coded for phronetic themes.
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Even with effective PD, science
teachers still encounter technical,
political, and cultural barriers to
implementing reform. The best intended
PD efforts do not address existing
teacher beliefs. Implications include the
need to focus on teacher beliefs and
technical skills during PD.

Barriers to
change and
implications
for reform (in
science)

Even after 2 years, as a group the
teachers remained in the early stages of
concern. Individual teachers showed
varying stages of concern. While many
of the K-6 teachers remained
uncomfortable with teaching science,
they were teaching more science with
this program and believed it was
important for their students to learn
science. Also, the researchers noted that
teachers were slowly changing their
practice from traditional methods of
instruction.
Five common teacher dilemmas during
science education reform are time; ideal
versus reality; changing roles and work;
the preparation ethic; and equity. This
reform survived because it was teacherdriven, with support from school and
district administrators. Reaffirms the
importance of placing teacher values
and beliefs at the center of educational
reform, PD and teacher education.

Case study
research and
CBAM/SoC
use; Also use
of interviews
and
observations
for data
collection

Importance of
teacher beliefs
and barriers to
sustaining
science
education
reform

Minner,
Levy, and
Century
(2010)

Inquiry-based
science
instruction-What is
it and does it
matter? Results
from a research
synthesis years
1984 to 2002

The article sought to
answer the question
“What is the impact of
inquiry science
instruction on K-12
student outcomes”
through a review of
research from 19842002.

Newman,
et al.
(2012)

Evaluation of the
Effectiveness of
the Alabama Math,
Science, and
Technology
Initiative (AMSTI)

This study set out to
determine the
effectiveness of
AMSTI in grades 4–8.
Questions included:
What is the effect of
AMSTI on student
achievement in math,
science and reading;
what is the effect of
AMSTI on active
learning strategies in
math/science; what is
the effect of AMSTI
on math/science
teachers’ reported
level of content
knowledge and
student engagement?

In phase one of the study,
the authors collected reports
from 1984-2002 that
studied at least one K-12
student instructional
intervention while assessing
student outcomes.
In phase two, the authors
coded the studies, and then
in phase three, they
analyzed articles using
additional analysis criteria.
Overall, 138 studies were
included for analysis.
The researchers set up two
experiments, including 40
school districts,
approximately 780 teachers,
and 30,000 students in 82
schools in Alabama.
Subexperiment 1 included
40 schools selected
randomly in 2006, while
Subexperiment 2 included
another 42 schools selected
randomly in 2007.
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The authors found that 71 of the studies
reviewed showed positive impacts on
student content learning and retention,
while 45 showed mixed impact, 19
showed no impact and 3 showed
negative impact. They also found that
hands-on activities are not enough for
conceptual change and that class
discussions are needed to make meaning
of what they observed. Finally, the
authors found that when the instruction
was more student-centered, there was a
statistically significant increase in
student conceptual learning.
The AMSTI program positively affected
student achievement on the SAT 10 in
math, science and reading. The AMSTI
program also increased the use of active
learning strategies in math and science
and increased the level of student
engagement, when compared to nonAMSTI schools.

Definitions of
inquiry

Longitudinal
study on
AMSTI
program; also
details of
AMSTI’s
history and
theory of action

Sawada, et Measuring reform
al. (2002) practices in
science and
mathematics
classrooms: The
Reformed
Teaching
Observation
Protocol

This article described
the development of
the RTOP instrument.
The overall question
that guided this
development was
“How would you
know if a mathematics
or science classroom
was reformed?”

Researchers wrote the
original version of the
RTOP in 1998 using
language focused primarily
on science teaching. They
revised the language of the
25-item protocol, but
organized the items into
three sections: lesson
design and implementation,
content, and classroom
culture.

Schneider
(2005)

Enacting reformbased science
materials: The
range of teacher
enactments in
reform classrooms

The goal of this study
was to describe
teachers’ enactments
of science reform
materials compared to
their intended
enactments.

Sunal
(2009)

Reading 3: The
Assessment of
Inquiry Potential
procedure [Course
handout]

This course handout
described the process
for using the AIP.

Four middle school
teachers’ participated in the
study, based on their use of
curriculum materials
developed for an 8 week
extended inquiry. The
primary source of data was
videotapes of classroom
enactments, which were
analyzed through coding.
The first part of this
handout explained the
meanings of the terms on
the AIP questionnaire.
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The researchers established inter-rater
reliability for the RTOP by viewing
videotaped lessons presented by
exemplar math and science teachers at
the elementary and secondary levels.
They calculated reliability estimates
using a best-fit linear regression of the
section scores and overall scores using
observations of the same classrooms
from two separate observers. Using 32
data points, the researchers estimated
the reliability with an r-squared value of
0.954. This indicated that paired
observers are able to obtain high
reliabilities using the RTOP.
Overall findings show using materials in
a careful way can assist teachers in
enacting reform-based instruction.
These materials are most beneficial
when lesson descriptions are detailed
and consistent. In addition to materials,
PD is essential, along with efforts to
create systemic change in context and
policy.

Use of RTOP
in research; use
of a second
observer for
reliability.

The second part of this handout
provided the questionnaire used to
determine the quantity and quality of
inquiry in curricular materials.

AIP definitions
and
questionnaire

Implementation
of reform
materials
helpful, but PD
is also
required.
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Dear AMSTI Teacher:
My name is Amy Murphy, and I am the Chemistry Specialist for Alabama Science in Motion at
the University of Montevallo. I am also currently pursuing my Doctorate of Education in
Curriculum and Instruction at the University of Alabama. The purpose of my dissertation
research is to understand teachers’ ongoing use of inquiry-based methods of teaching and
learning in their middle-school science classrooms through their participation in the AMSTI
program.
Before I can begin my qualitative data collection during the 2011-2012 school year, I am asking
any and all interested AMSTI teachers of grades 6-8 to complete a demographic survey and
Stages of Concern questionnaire. Based on the feedback I receive from these documents, I will
purposefully select the participants for the qualitative study.
If selected for the qualitative study, participants will be asked to allow me to observe their
classroom practice, and to participate in three interviews (no more than 90 minutes) over the
course of the school year.
Completion of the survey and questionnaire is voluntary, as is participation in the qualitative data
collection during the 2011-2012 school year. All information collected from the survey,
questionnaire, observations, and interviews will remain confidential. As the sole researcher, I
will be the only person that will have access to your responses.
If you are willing and able to complete the survey and questionnaire, please follow the link
below and enter your responses in the spaces provided. The link will take you to a secure
website, so that all of your responses will be safe.
https://spreadsheets.google.com/viewform?formkey=dDNUS1VhaG9WVWJTWWMyX3JCZjdvZkE6MQ

Thank you in advance for your participation. If you have any questions, please feel free to
contact me via email at amykfmurphy@gmail.com, or by phone at 205-410-4551.
Amy Fowler Murphy, Ed.S., NBCT
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While participation in this survey is voluntary, all of the questions in this survey are required.
Your responses will remain confidential.
1. What is your last name?
2. What is your first name?
3. What is the name of your school?
4. What is the name of your school system?
5. What is the current grade level/subject area that you teach?
6. How many years (including the 2010-2011 school year) have you been teaching this grade
level/subject area noted in question #5?
7. Overall, how many years of teaching experience do you have?
8. What is your gender?
a. Male
b. Female
9. What is your race/ethnicity?
a. African American (non Hispanic)
b. Caucasian (non Hispanic)
c. Hispanic
d. Asian
e. American Indian or Alaska Native
f. Native Hawaiian or Other Pacific Islander
g. Other
h. prefer not to answer
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10. Please indicate the highest level of education you have completed. If you are currently
enrolled in a degree program, please select the previous degree.
a. Bachelor’s degree
b. Master’s degree
c. Educational Specialist degree
d. Doctorate degree
e. Other-please explain
11. For the highest degree selected in question #10, please indicate the area of study. Examples
include Education, Administration, Biology, General Science, Curriculum and Instruction,
etc.
12. What grade levels are you certified to teach in Alabama (K-6, 6-12, 7-12, etc)?
13. If you are National Board Certified, please provide the area and level of certification
(Science/Adolescence and Young Adult, Science/Early Adolescence, etc).
14. What does the term “inquiry” mean to you?
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Please answer all of the questions honestly and to the best of your ability.
All of your responses will remain confidential.
Please respond to the items in terms of your PRESENT CONCERNS, or how you feel about
your CURRENT involvement in the AMSTI program.
Some questions may not apply to you. In that case, please mark “0” for your answer.
Please select one number for each question, using the scale below:
Irrelevant = 0
Not true of me now = 1 or 2
Somewhat true of me now = 3, 4, or 5
Very true of me now = 6 or 7
1. I am concerned about students' attitudes toward the innovation (AMSTI program).
0

1

2

3

4

5

6

7

2. I now know of some other approaches that might work better (than the AMSTI program).
0

1

2

3

4

5

6

7

6

7

3. I am more concerned about another innovation (or program).
0

1

2

3

4

5

4. I am concerned about not having enough time to organize myself each day.
0

1

2

3

4

5

6

7

5. I would like to help other faculty in their use of the innovation (AMSTI program).
0

1

2

3

4

5

6

7

6

7

6. I have a very limited knowledge of the innovation (AMSTI program).
0

1

2

3

4
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5

7. I would like to know the effect of reorganization (use of AMSTI) on my professional status.
0

1

2

3

4

5

6

7

8. I am concerned about conflict between my interests and my responsibilities.
0

1

2

3

4

5

6

7

9. I am concerned about revising my use of the innovation (AMSTI program).
0

1

2

3

4

5

6

7

10. I would like to develop working relationships with both our faculty and outside faculty using
the innovation (AMSTI program).
0

1

2

3

4

5

6

7

11. I am concerned about how the innovation (AMSTI program) affects students.
0

1

2

3

4

5

6

7

12. I am NOT concerned about the innovation (AMSTI program) at this time.
0

1

2

3

4

5

6

7

13. I would like to know who will make the decisions in the new system (AMSTI program).
0

1

2

3

4

5

6

7

14. I would like to discuss the possibility of using the innovation (AMSTI program).
0

1

2

3

4
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5

6

7

15. I would like to know what resources are available if we decide to adopt the innovation
(AMSTI program).
0

1

2

3

4

5

6

7

16. I am concerned about my inability to manage all that the innovation (AMSTI program)
requires.
0

1

2

3

4

5

6

7

17. I would like to know how my teaching or administration is supposed to change (with the
AMSTI program).
0

1

2

3

4

5

6

7

18. I would like to familiarize other departments or persons with the progress of this new
approach (AMSTI program).
0

1

2

3

4

5

6

7

19. I am concerned about evaluating my impact on students (with the AMSTI program).
0

1

2

3

4

5

6

7

6

7

20. I would like to revise the innovation's (AMSTI program) approach.
0

1

2

3

4

5

21. I am preoccupied with things other than the innovation (AMSTI program).
0

1

2

3

4
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5

6

7

22. I would like to modify our current use of the innovation (AMSTI program) based on the
experiences of my/our students.
0

1

2

3

4

5

6

7

6

7

23. I spend little time thinking about the innovation (AMSTI program).
0

1

2

3

4

5

24. I would like to excite my students about their part in this approach (AMSTI program).
0

1

2

3

4

5

6

7

25. I am concerned about time spent working on non-academic problems related to the
innovation (AMSTI program).
0

1

2

3

4

5

6

7

26. I would like to know what the use of the innovation (AMSTI program) will require in the
immediate future.
0

1

2

3

4

5

6

7

27. I would like to coordinate my efforts with others to maximize the innovation's (AMSTI
program) effects.
0

1

2

3

4

5

6

7

28. I would like to have more information on time and energy commitments required by the
innovation (AMSTI program).
0

1

2

3

4
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5

6

7

29. I would like to know what other faculty are doing in this area (AMSTI program).
0

1

2

3

4

5

6

7

30. Currently, other priorities prevent me from focusing my attention on the innovation (AMSTI
program).
0

1

2

3

4

5

6

7

31. I would like to determine how to supplement, enhance, or replace the innovation (AMSTI
program).
0

1

2

3

4

5

6

7

32. I would like to use feedback from students to change the (AMSTI) program.
0

1

2

3

4

5

6

7

33. I would like to know how my role will change when I am using the innovation (AMSTI
program).
0

1

2

3

4

5

6

7

34. Coordination of tasks and people is taking too much of my time (with the AMSTI program).
0

1

2

3

4

5

6

7

35. I would like to know how the innovation (AMSTI program) is better than what we have now
(or used prior).
0

1

2

3

4
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5

6

7

36. How long have you been involved with the innovation (AMSTI program), including the
2010-2011 school year?
a. never
b. 1 year
c. 2 years
d. 3 years
e. 4 years
f. 5 years or more
37. In your use of the innovation (AMSTI program), do you consider yourself to be a:
a. non-user
b. novice
c. intermediate
d. old hand
e. past user
38. Have you ever received formal training regarding the innovation (AMSTI program)?
39. If you answered YES to question #38, please indicate how many days of training you have
received and/or what modules you have been trained on.
40. Are you currently in the first or second year of use of SOME OTHER major innovation or
program other than the AMSTI program?
41. If you answered YES to question #40, please describe the innovation.
42. If you are selected to participate further in this study during the 2011-2012 school year, you
will be asked to allow the researcher to observe a multiple day lesson of your choosing, and
to participate in three interviews over the school year (in person and/or via webcam). If you
are still willing to participate in this study, please enter your preferred email address and/or
phone number in the space provided.
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Review of demographic information from initial survey

Current grade taught?



Years at this grade level?



Years teaching overall:



Highest degree earned?



Area of study for that degree?



If applicable, currently working on advanced degree in what area?



Certification in Alabama?



National Board certified?



How much AMSTI training received?



Years with AMSTI counting current year?



Why do you consider yourself a novice, intermediate, or advanced user of AMSTI?

Background

Would you please describe the city (cities) in which you attended school?



How would you describe yourself as a student during your elementary years? Middle
school years? High school years?

Behavior/Experience

Would you please describe your experiences with science classes in elementary school?
Middle school? High school?



Please describe the methods used by your teachers in those science classes.



Would you please describe your experiences with inquiry-based teaching methods in
your teacher preparation coursework and/or field experiences?
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Opinion

From your perspective, why do you think your science classes were taught in the manner
they were?

Sensory

Please describe a vivid experience from your years as a science student (elementary to
high school), including what things looked like, smelled like, sounded like, etc.

Feeling

How did you feel about this experience then, and how did it impact you at that time?

Knowledge

Please describe how this experience, and others impact your current practice as a science
teacher.



How does this experience, and others, relate to your ideas about inquiry?

Closing Questions

What should I have asked you that I didn’t think to ask about your past experiences?



Is there anything you care to add about your past experiences?
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Background

Please describe the path you took to become a certified teacher, including the amount of
science and science ed coursework.



How did you come to teach your current grade level?



Please list any other grades/subjects previously taught, if applicable.



Please describe your other responsibilites at the school, if applicable.

Behavior/Experience

What do you know about inquiry now?



Where/how did you come to know about inquiry?



Why did you want to use the AMSTI program originally?



What are your thoughts about your use of the AMSTI program now?



How has your work with the AMSTI program changed your ideas about inquiry?

Opinion

From your perspective, why do you utilize inquiry in your classroom?



From your perspective, why do you utilize AMSTI in your classroom?



How does the AMSTI program fit with your ideas about inquiry?



From your perspective, how does your school support your use of the AMSTI program?

Knowledge

Would you please describe the AMSTI program in terms of how you use it within your
classroom? Use an example to describe typical learning cycle for an AMSTI lesson.
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Sensory

How has the AMSTI program changed what happens in your classroom?



Based upon your example, if I was a visitor to your classroom, what would I see/hear the
students and teacher doing?

Feeling

Based upon your example, how does your work with inquiry make you feel?



How does your work with AMSTI make you feel?

Closing Questions

What should I have asked you that I didn’t think to ask about your present practice?



Is there anything you care to add about your present practice?
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I. BACKGROUND INFORMATION
Name of Teacher/Code

Announced Observation?
(yes or no, or explain)

Location of class
(district, school, room)
Years of Teaching

Teaching Certification

Lesson Observed

Grade Level

Observer

Date of Observation

Start time

End time

II. CONTEXTUAL BACKGROUND AND ACTIVITIES
In the space provided below please give a brief description of the lesson observed, the classroom
setting in which the lesson took place (space, seating arrangements, etc.), and any relevant details
about the students (number, gender, ethnicity) and teacher that you think are important. Use diagrams
if they seem appropriate.
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Record here events which may help in documenting the ratings.
Time

Description of Events
Lesson Begins
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Lesson Ends
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III. LESSON DESIGN AND IMPLEMENTATION
Never
Occurred

Very
Descriptive

1)

The instructional strategies and activities respected students'
prior knowledge and the preconceptions inherent therein.

0

1

2

3

4

2)

The lesson was designed to engage students as members of a
learning community.

0

1

2

3

4

3)

In this lesson, student exploration preceded formal presentation.

0

1

2

3

4

4)

This lesson encouraged students to seek and value alternative
modes of investigation or of problem solving.

0

1

2

3

4

5)

The focus and direction of the lesson was often determined by
ideas originating with students.

0

1

2

3

4

IV. CONTENT
Propositional Knowledge
6)

The lesson involved fundamental concepts of the subject.

0

1

2

3

4

7)

The lesson promoted strongly coherent conceptual
understanding.

0

1

2

3

4

8)

The teacher had a solid grasp of the subject matter content
inherent in the lesson.

0

1

2

3

4

9)

Elements of abstraction (i.e., symbolic representation, theory
building) were encouraged when it was important to do so.

0

1

2

3

4

10)

Connections with other content disciplines and/or real world
phenomena were explored and valued.

0

1

2

3

4

Procedural Knowledge
11)

Students used a variety of means (models, drawings, graphs,
concrete materials, manipulatives, etc.) to represent phenomena.

0

1

2

3

4

12)

Students made predictions, estimations and/or hypotheses and
devised means for testing them.

0

1

2

3

4

13)

Students were actively engaged in thought-provoking activity that

0

1

2

3

4
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often involved the critical assessment of procedures.

14)

Students were reflective about their learning.

0

1

2

3

4

15)

Intellectual rigor, constructive criticism, and the challenging of
ideas were valued.

0

1

2

3

4

V. CLASSROOM CULTURE
Communicative Interactions
16)

Students were involved in the communication of their ideas to
others using a variety of means and media.

0

1

2

3

4

17)

The teacher's questions triggered divergent modes of thinking.

0

1

2

3

4

18)

There was a high proportion of student talk and a significant
amount of it occurred between and among students.

0

1

2

3

4

19)

Student questions and comments often determined the focus and
direction of classroom discourse.

0

1

2

3

4

20)

There was a climate of respect for what others had to say

0

1

2

3

4

Student/Teacher Relationships
21)

Active participation of students was encouraged and valued.

0

1

2

3

4

22)

Students were encouraged to generate conjectures, alternative
solutions strategies, and ways of interpreting evidence.

0

1

2

3

4

23)

In general the teacher was patient with students.

0

1

2

3

4

24)

The teacher acted as a resource person, working to support and
enhance student negotiations.

0

1

2

3

4

25)

The metaphor "teacher as listener" was very characteristic of this
classroom.

0

1

2

3

4

Additional comments you may wish to make about this lesson.
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Follow up from observation days

Why do you think the lesson I’ve just observed is a good example of what inquiry means
to you?

Background

Think about your practice 3-5 years into the future. Where do you think you will be in
terms of your use of inquiry?



What will you be doing similarly or differently, in terms of inquiry?

Behavior/Experience

How do you anticipate your practice will change in the next few years?



How do you anticipate your school will change?



How do you anticipate the AMSTI program will change?

Opinion

What do you think should change in your practice, your school, and the AMSTI
program?



Why do you think these changes should occur?



How do you think your use of inquiry and/or the AMSTI program will impact other
teachers in your school?

Knowledge

As our knowledge about education, science and technology changes, what changes do
you anticipate in your classroom? In your school? In the AMSTI program?
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Sensory

Imagine your classroom 3-5 years from now: If I was to visit your classroom, what would
I observe/hear the students doing? The teacher?



What would I observe/hear in your school? In the AMSTI Program?

Feeling

Based on your experiences, how will your feelings about inquiry change in the future?



How would you feel about using inquiry-based methods in the future if the AMSTI
program was not available?



How do you feel about the scripted nature of the AMSTI curriculum?



How do you feel about the amount of autonomy in the AMSTI curriculum?

Closing Questions

What should I have asked you that I didn’t think to ask about your future practice?



Is there anything you care to add about your future practice?
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The Reformed Teaching Observation Protocol (RTOP) is an observational instrument that can be
used to assess the degree to which mathematics or science instruction is “reformed.” It embodies
the recommendations and standards for the teaching of mathematics and science that have been
promulgated by professional societies of mathematicians, scientists and educators.
The RTOP was designed, piloted and validated by the Evaluation Facilitation Group of the
Arizona Collaborative for Excellence in the Preparation of Teachers. Those most involved in that
effort were Daiyo Sawada (External Evaluator), Michael Piburn (Internal Evaluator), Bryce
Bartley and Russell Benford (Biology), Apple Bloom and Matt Isom (Mathematics), Kathleen
Falconer (Physics), Eugene Judson (Beginning Teacher Evaluation), and Jeff Turley (Field
Experiences).
The instrument draws on the following sources:
•
National Council for the Teaching of Mathematics. Curriculum and Evaluation
Standards (1989), Professional Teaching Standards (1991), and Assessment Standards (1995).
•
National Academy of Science, National Research Council. National Science Education
Standards (1995).
•
American Association for the Advancement of Science, Project 2061. Science for All
Americans(1990), Benchmarks for Scientific Literacy(1993).
It also reflects the ideas of all ACEPT Co-Principal Investigators, but especially those of Marilyn
Carlson and Anton Lawson, and the principles of reform underlying the ACEPT project. Its
structure reflects some elements of the Local Systemic Change Revised Classroom Observation
Protocol , by Horizon Research (1997-98).
The RTOP is criterion-referenced, and observers’ judgments should not reflect a comparison
with any other instructional setting than the one being evaluated. It can be used at all levels, from
primary school through university. The instrument contains twenty-five items, with each rated on
a scale from 0 (not observed) to 4 (very descriptive). Possible scores range from 0 to 100 points,
with higher scores reflecting a greater degree of reform.
The RTOP was designed to be used by trained observers. This Training Guide provides specific
information pertinent to the interpretation of individual items in the protocol. It is intended to be
used as part of a formal training program in which trainees observe actual classrooms or
videotapes of classrooms, and discuss their observations with others. The Guide, in its present
form, is also designed to solicit trainee thoughts and concerns so that they feel comfortable in
using the instrument. For that reason, a space is provided after each item for trainee comments.
Such input helps all those being trained to achieve a higher degree of consistency in using the
©
instrument. Please keep this in mind in making comments. March 2000 Revision 1 Copyright
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I. BACKGROUND INFORMATION
This section contains space for standard information that should be recorded by all observers. It
will serve to identify the classroom, the instructor, the lesson observed, the observer, and the
duration of the observation.
II. CONTEXTUAL BACKGROUND AND ACTIVITIES
Space is provided for a brief description of the lesson observed, the setting in which the lesson
took place (space, seating arrangements, etc.), and any relevant details about the students
(number, gender, ethnicity, etc.) and instructor. Try to go beyond a simple description. Capture,
if you can, the defining characteristics of this situation that you believe provide the most
important context for understanding what you will describe in greater detail in later sections. Use
diagrams if they seem appropriate.

The next three sections contain the items to be rated. Do not feel that you have to complete them
during the actual observation period. Space is provided on the facing page of every set of
evaluations for you to make notes while observing. Immediately after the lesson, draw upon your
notes and complete the ratings. For most items, a valid judgment can be rendered only after
observing the entire lesson. The whole lesson provides contextual reference for rating each item.
Each of the items is to be rated on a scale ranging from 0 to 4. Choose “0” if in your judgment,
the characteristic never occurred in the lesson, not even once. If it did occur, even if only once,
“1” or higher should be chosen. Choose “4” only if the item was very descriptive of the lesson
you observed. Intermediate ratings do not reflect the number of times an item occurred, but
rather the degree to which that item was characteristic of the lesson observed.
The remainder of this Training Guide attempts provides a clarification of each RTOP item and
the subtest (there are five) of which it is a part.
III. LESSON DESIGN AND IMPLEMENTATION
1) The instructional strategies and activities respected students’ prior knowledge and the
preconceptions inherent therein.
A cornerstone of reformed teaching is taking into consideration the prior knowledge that students
bring with them. The term “respected” is pivotal in this item. It suggests an attitude of curiosity
on the teacher’s part, an active solicitation of student ideas, and an understanding that much of
what a student brings to the mathematics or science classroom is strongly shaped and
conditioned by their everyday experiences.
2) The lesson was designed to engage students as members of a learning community.
Much knowledge is socially constructed. The setting within which this occurs has been called a
“learning community.” The use of the term community in the phrase “the scientific community”
(a “self-governing” body) is similar to the way it is intended in this item. Students participate
actively, their participation is integral to the actions of the community, and knowledge is
negotiated within the community. It is important to remember that a group of learners does not
necessarily constitute a “learning community.”
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3) In this lesson, student exploration preceded formal presentation.
Reformed teaching allows students to build complex abstract knowledge from simpler, more
concrete experience. This suggests that any formal presentation of content should be preceded by
student exploration. This does not imply the converse...that all exploration should be followed by
a formal presentation.
4) This lesson encouraged students to seek and value alternative modes of investigation or
of problem solving.
Divergent thinking is an important part of mathematical and scientific reasoning. A lesson that
meets this criterion would not insist on only one method of experimentation or one approach to
solving a problem. A teacher who valued alternative modes of thinking would respect and
actively solicit a variety of approaches, and understand that there may be more than one answer
to a question.
5) The focus and direction of the lesson was often determined by ideas originating with
students.
If students are members of a true learning community, and if divergence of thinking is valued,
then the direction that a lesson takes cannot always be predicted in advance. Thus, planning and
executing a lesson may include contingencies for building upon the unexpected. A lesson that
met this criterion might not end up where it appeared to be heading at the beginning.
IV. CONTENT
Knowledge can be thought of as having two forms: knowledge of what is (Propositional
Knowledge), and knowledge of how to (Procedural Knowledge). Both are types of content. The
RTOP was designed to evaluate mathematics or science lessons in terms of both.
Propositional Knowledge
This section focuses on the level of significance and abstraction of the content, the teacher’s
understanding of it, and the connections made with other disciplines and with real life.
6) The lesson involved fundamental concepts of the subject.
The emphasis on “fundamental” concepts indicates that there were some significant scientific or
mathematical ideas at the heart of the lesson. For example, a lesson on the multiplication
algorithm can be anchored in the distributive property. A lesson on energy could focus on the
distinction between heat and temperature.
7) The lesson promoted strongly coherent conceptual understanding.
The word “coherent” is used to emphasize the strong inter-relatedness of mathematical and/or
scientific thinking. Concepts do not stand on their own two feet. They are increasingly more
meaningful as they become integrally related to and constitutive of other concepts.
8) The teacher had a solid grasp of the subject matter content inherent in the lesson.
This indicates that a teacher could sense the potential significance of ideas as they occurred in
the lesson, even when articulated vaguely by students. A solid grasp would be indicated by an
eagerness to pursue student’s thoughts even if seemingly unrelated at the moment. The gradelevel at which the lesson was directed should be taken into consideration when evaluating this
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item.
9) Elements of abstraction (i.e., symbolic representations, theory building) were
encouraged when it was important to do so.
Conceptual understanding can be facilitated when relationships or patterns are represented in
abstract or symbolic ways. Not moving toward abstraction can leave students overwhelmed with
trees when a forest might help them locate themselves.
10) Connections with other content disciplines and/or real world phenomena were explored
and valued.
Connecting mathematical and scientific content across the disciplines and with real world
applications tends to generalize it and make it more coherent. A physics lesson on electricity
might connect with the role of electricity in biological systems, or with the wiring systems of a
house. A mathematics lesson on proportionality might connect with the nature of light, and refer
to the relationship between the height of an object and the length of its shadow.
Procedural Knowledge
This section focuses on the kinds of processes that students are asked to use to manipulate
information, arrive at conclusions, and evaluate knowledge claims. It most closely resembles
what is often referred to as mathematical thinking or scientific reasoning.
11) Students used a variety of means (models, drawings, graphs, symbols, concrete
materials, manipulatives, etc.) to represent phenomena.
Multiple forms of representation allow students to use a variety of mental processes to articulate
their ideas, analyze information and to critique their ideas. A “variety” implies that at least two
different means were used. Variety also occurs within a given means. For example, several
different kinds of graphs could be used, not just one kind.
12) Students made predictions, estimations and/or hypotheses and devised means for
testing them.
This item does not distinguish among predictions, hypotheses and estimations. All three terms
are used so that the RTOP can be descriptive of both mathematical thinking and scientific
reasoning. Another word that might be used in this context is “conjectures.” The idea is that
students explicitly state what they think is going to happen before collecting data.
13) Students were actively engaged in thought-provoking activity that often involved the
critical assessment of procedures.
This item implies that students were not only actively doing things, but that they were also
actively thinking about how what they were doing could clarify the next steps in their
investigation.
14) Students were reflective about their learning.
Active reflection is a meta-cognitive activity that facilitates learning. It is sometimes referred to
as “thinking about thinking.” Teachers can facilitate reflection by providing time and suggesting
strategies for students to evaluate their thoughts throughout a lesson. A review conducted by the
teacher may not be reflective if it does not induce students to re-examine or re-assess their
thinking.
238

15) Intellectual rigor, constructive criticism, and the challenging of ideas were valued.
At the heart of mathematical and scientific endeavors is rigorous debate. In a lesson, this would
be achieved by allowing a variety of ideas to be presented, but insisting that challenge and
negotiation also occur. Achieving intellectual rigor by following a narrow, often prescribed path
of reasoning, to the exclusion of alternatives, would result in a low score on this item. Accepting
a variety of proposals without accompanying evidence and argument would also result in a low
score.
V. CLASSROOM CULTURE
This section addresses a separate aspect of a lesson, and completing these items should be done
independently of any judgments on preceding sections. Specifically the design of the lesson or
the quality of the content should not influence ratings in this section. Classroom culture has been
conceptualized in the RTOP as consisting of: (1) Communicative Interactions, and (2)
Student/Teacher Relationships. These are not mutually exclusive categories because all
communicative interactions presuppose some kind of relationship among communicants.
Communicative Interactions
Communicative interactions in a classroom are an important window into the culture of that
classroom. Lessons where teachers characteristically speak and students listen are not reformed.
It is important that students be heard, and often, and that they communicate with one another, as
well as with the teacher. The nature of the communication captures the dynamics of knowledge
construction in that community. Recall that communication and community have the same root.
16) Students were involved in the communication of their ideas to others using a variety of
means and media.
The intent of this item is to reflect the communicative richness of a lesson that encouraged
students to contribute to the discourse and to do so in more than a single mode (making
presentations, brainstorming, critiquing, listening, making videos, group work, etc.). Notice the
difference between this item and item 11. Item 11 refers to representations. This item refers to
active communication.
17) The teacher’s questions triggered divergent modes of thinking.
This item suggests that teacher questions should help to open up conceptual space rather than
confining it within predetermined boundaries. In its simplest form, teacher questioning triggers
divergent modes of thinking by framing problems for which there may be more than one correct
answer or framing phenomena that can have more than one valid interpretation.
18) There was a high proportion of student talk and a significant amount of it occurred
between and among students.
A lesson where a teacher does most of the talking is not reformed. This item reflects the need to
increase both the amount of student talk and of talk among students. A “high proportion” means
that at any point in time it was as likely that a student would be talking as that the teacher would
be. A “significant amount” suggests that critical portions of the lesson were developed through
discourse among students.
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19) Student questions and comments often determined the focus and direction of classroom
discourse.
This item implies not only that the flow of the lesson was often influenced or shaped by student
contributions, but that once a direction was in place, students were crucial in sustaining and
enhancing the momentum.
20) There was a climate of respect for what others had to say.
Respecting what others have to say is more than listening politely. Respect also indicates that
what others had to say was actually heard and carefully considered. A reformed lesson would
encourage and allow every member of the community to present their ideas and express their
opinions without fear of censure or ridicule.
Student/Teacher Relationships
21) Active participation of students was encouraged and valued.
This implies more than just a classroom full of active students. It also connotes their having a
voice in how that activity is to occur. Simply following directions in an active manner does not
meet the intent of this item. Active participation implies agenda-setting as well as “minds-on”
and “hands-on.”
22) Students were encouraged to generate conjectures, alternative solution strategies,
and/or different ways of interpreting evidence.
Reformed teaching shifts the balance of responsibility for mathematical of scientific thought
from the teacher to the students. A reformed teacher actively encourages this transition. For
example, in a mathematics lesson, the teacher might encourage students to find more than one
way to solve a problem. This encouragement would be highly rated if the whole lesson was
devoted to discussing and critiquing these alternate solution strategies.
23) In general the teacher was patient with students.
Patience is not the same thing as tolerating unexpected or unwanted student behavior. Rather
there is an anticipation that, when given a chance to play itself out, unanticipated behavior can
lead to rich learning opportunities. A long “wait time” is a necessary but not sufficient condition
for rating highly on this item.
24) The teacher acted as a resource person, working to support and enhance student
investigations.
A reformed teacher is not there to tell students what to do and how to do it. Much of the initiative
is to come from students, and because students have different ideas, the teacher’s support is
carefully crafted to the idiosyncrasies of student thinking. The metaphor, “guide on the side” is
in accord with this item.
25) The metaphor “teacher as listener” was very characteristic of this classroom.
This metaphor describes a teacher who is often found helping students use what they know to
construct further understanding. The teacher may indeed talk a lot, but such talk is carefully
crafted around understandings reached by actively listening to what students are saying.
“Teacher as listener” would be fully in place if “student as listener” was reciprocally engendered.
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VI. SUMMARY
The RTOP provides an operational definition of what is meant by “reformed teaching.” The
items arise from a rich research-based literature that describes inquiry-oriented standards-based
teaching practices in mathematics and science. However, this training guide does not cite
research evidence. Rather it describes each item in a more metaphoric way. Our experience has
been that these items have richly intuitive meaning to mathematics and science educators .
Further information about the underlying conceptual and theoretical basis of the RTOP, as well
as reliability and validity data and norms by grade-level and context, can be found in the
Reformed Teaching Observation Protocol MANUAL (Sawada & Piburn, 2000).
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QUESTIONNAIRE FOR ASSESSING INQUIRY POTENTIAL
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Sentence Filter
1. Is the sentence a non-assertion? i.e. Is it a question, directive, exclamation, wish, or
imperative rather than an assertion?
a. If yes, tally and eliminate.
b. If no, go to 2.
2. Is the sentence a program information statement? i.e. Does it state something about the
program, about student characteristics, about how students may react to something, or
about how to do something?
a. If yes, tally and eliminate.
b. If no, go to 3.
3. Is the sentence a non-cognitive statement? i.e. Does the sentence fail to make logical
sense in its context, or does it appeal to the emotions?
a. If yes, tally and eliminate.
b. If no, go to 4.
4. Is the statement not about science subject matter? i.e. Does it state information about
history, geography, or some other subject matter rather than science?
a. If yes, tally and eliminate.
b. If no, go to 5.
5. Is the sentence pseudo-science? i.e. Does it merely state a generality? Is it a make-believe
or magical statement? Is it an anthropomorphic statement? Is it an inaccurate assertion?
a. If yes, tally and eliminate.
b. If no, go to 6.
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Knowledge Claim Analysis
If the sentence has not been eliminated by one of the above questions, it is a scientific assertion
which claims to provide some valid knowledge about scientific subject matter. Use the next four
questions to determine the nature of that knowledge claim.
6. Is the knowledge claim theoretical? i.e. Does the sentence use terms which students can’t
understand? Or does it tell them something which they can’t verify?
a. If yes, tally and eliminate.
b. If no, go to 7.
7. Is the claim methodological? i.e. Does it state something about the nature of science or
the scientific method?
a. If yes, tally and eliminate.
b. If no, go to 8.
8. Is it a definition?
a. If yes, tally and eliminate?
b. If no, go to 9.
9. Is it experiential? i.e. Does it state something which the student can understand and
verify?
a. If yes, tally and go to 10.
b. If no, re-ask questions 1 through 8 and tally appropriately.
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Analysis of Verification Methods
10. Does the material state conditions for the claim which will aid the students in verifying
(testing) the assertion?
a. If yes, tally and go to 12.
b. If no, go to 11.
11. Can the students (or teacher and students) design an experiment (test) to verify the
knowledge claim?
a. If yes, tally and go to 12.
b. If no, reclassify this assertion as 6, adjust tallies, and eliminate.
12. How will the student verify the assertion?
a. By a laboratory activity (including an examination of nature)? If yes, tally and go
to 13.
b. By an examination of photographs, illustrations, etc? If yes, tally and if
approproiate, go to 14.
c. By teacher demonstration? If yes, tally and go to 14.
d. By teacher lecture or another authority source? If yes, tally and eliminate.
e. By some other method? If yes, indicate method, tally, and if appropriate, go to 14.
13. What type of laboratory method will be used? For each response a through d, tally and go
to 14.
a. confirmation? (A concept or principal is presented and the student simply does an
activity to confirm it. He/she knows what is supposed to happen and a procedure
is carefully outlined for him/her to follow.)
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b. structured inquiry? (The student is presented with a problem but does not know
the results beforehand. The procedures are outlined. The selection of activities
and materials is structured to enable her/him to discover relationships and to
generalize from the data collected.)
c. guided inquiry? (Only the problem to be investigated is given. The student directs
his/her own procedures and methods of collecting data from which concepts or
principals are discovered and generalized.)
d. open inquiry? (The student formulates both the problem and the procedures for
solving the problem, interprets the data, and arrives at conclusions.)
14. What procedures will be used to interpret or evaluate the results of the inquiry? Tally
appropriately and start analysis of next sentence.
a. individual data collection?
b. pooling of data for class examination?
c. individual lab report?
d. some other procedure?
e. none
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DEFINITIONS FOR ASSESSING INQUIRY POTENTIAL
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NON-ASSERTIONS
Non assertions are filtered out here. Assertions are sentences used to make a knowledge claims.
Sentences are most easily identified as assertions by first determining that they are not
non-assertions. Non-assertions are questions, directives, exclamations, wishes, imperatives.
Non-assertion examples:
 "But have you ever really looked to see what happened?"
 "How are they alike?"
 "Place four toothpicks in the metal pan."
 "Observe what happens."
 "But they are as tall as trees!"
 "We must stop polluting our air and water."
In many cases, the teacher is directed to ask a question. The question is followed by an answer in
parentheses (teacher information). The answer is not a knowledge claim for the student;
therefore, it should be classified as a "question" or a "non-assertion."
Many sentences are directives for the student or the teacher. These often may be easily spotted
by use of verbs such as:
ask
explain
encourage
invite
arrange

suggest
remind
warn
have
check

place
make
observe
let
give

INFORMATIONAL
Informational assertions about the program are filtered out here.
Informational sentences are assertions about the program. They may be statements about how
students have responded to the science curriculum program in the past; about student
characteristics, about what to expect from students when they encounter specific demonstrations
or lab procedures; or about how to do something such as set up a lab.
Informational examples:
 "In the unit, children were introduced to the distinction between open and closed
circuits."
 "Children cannot identify the actual arrangement of connecting wires by making
inferences about the connections from the evidence they gather with the circuit tester."
 "Children should make the record and identify complete connected sub-systems before
the folder is opened."
 "This time children may add heat, light, energy to their responses.”
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"Children who remember chemical changes from the previous unit may is be able to give
a correct response to the last question on page 10.”

NON-COGNITIVE
Non-cognitive assertions are filtered out here.
If the sentence is in the cognitive domain, it will appeal to logic and reasoning rather than
emotions. Some non-cognitive statements make no logical sense in the context in which they
occur.
Cognitive examples:

appeal to emotion
o
"You are all alone."
o
"It was an unhappy time

no logical sense
o
"You know the answer."
o
"You've known this ...."

NON-SCIENCE SUBJECT MATTER
Non-science assertions are filtered out here.
Statements about science subject matter rather than geography, history, art, etc.?

PSEUDO-SCIENCE
Pseudo-scientific statements are filtered out here. Pseudo-scientific statements are confusing and
non-verifiable. They may fall into one of 5 sub-categories:


Make-believe statements that refer to pictures as though they were the actual objects or
events to be observed, or they may pretend that students are experiencing sense
perceptions from the objects pictured.
Examples: "Here is a piece of wood. Here is what was left after the wood burned." "Here
is a woods in Pennsylvania. Now look again: what do you see on the ground? The ground
is covered with living plants and dead leaves and trees."

These statements may also pretend that students are experiencing sense perceptions.
Example:
"You can see the light and feel the heat
Make-believe sentences may also discuss what other children have done or seen and
expect the student to draw inferences from them.
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Examples: "Here is what one class in Ohio observed in about an hour. And an hour later."
"One student built a fire. He added charcoal to the fire.”
 Generalities are assertions so vague that the student is unable to verify their knowledge
claims.
Examples: "Some rivers were once clear and clean." "How many? Two or two
thousand?"


Anthropomorphic statements ascribe human attributes to human things or suggest that
inanimate objects can change or move through their own volition.
Example: "And the sand and mud changed to rock

 Inaccurate statements contain assertions believed by the community of scientists to be
untrue.
Example: "All plants need air."
 Magical concepts may be suggested by the wording of some sentences.
Examples: "Think what happens to a puddle on a sunny day. The water vanishes!"
"Something you can't see is able to do work."

THEORETICAL
Theoretical statements are filtered out here. These statements include theoretic terms, i.e. words
that denote something whose existence can only be inferred by students (especially elementary)
–not observed directly. They cannot be verified by children who are incapable of acquiring or
using the required sophisticated equipment and logical operations necessary for their verification.
Some terms that are theoretic for elementary students are: atoms, molecules, energy, gravity,
species, element, compound, electrons, protons, neutrons.

METHODOLOGICAL (Epistemological)
Methodological statements are filtered out here. These statements indicate the tentative and
revisionary nature of scientific knowledge; e.g.: how scientists acquire knowledge, what we can
or cannot know, and how we know what we know.

Methodological examples:
 "A fundamental belief of modern science is that two experiments will have the same
results if the experimental conditions are identical."
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"The choice (of terms to use) may frequently be revised as new observations or ideas are
considered."
"It is important that they understand that investigations result from unanswered questions
and that investigations test hypotheses or predictions."

DEFINITION
Definition statements are filtered out here. These statements only provide information about how
we have agreed to use words. If all the information in the statement can be obtained by
consulting a dictionary, the statement is a definition and should be treated as such. A definition
may be true only because it has been agreed that, in the given context, the word will have a
specific meaning. (The use of italics or bold-face type are often quick clues to identifying
assertions which are definitions.)
Definition examples:
 "Fungi belong to a large group of plants without chlorophyll."
 "Candle wax is a fuel that gives off light and heat when it burns."
 "Charcoal is almost pure carbon."
Sometimes a definition statement is not easily identified. Some clues to their recognition are:
1. The statement remains true if the predicate is replaced by "means,"
2. A predicate may be followed or preceded by a list of examples.
3. The truth of the statement can be demonstrated by equivalent word substitutions for
subject or predicate or both.
4. The truth of the statement can be established without examining the phenomena in
nature.

EXPERIENTIAL
Experiential statements are filtered out here. Experiential statements are knowledge claims that
can be verified by the student. They may refer to a single event; or they may be generalizations.
In either case they must contain no theoretic terms, all words must be fully understood, and some
natural phenomenon must be observed for verification.
Experiential examples:
 "A light bulb will operate only when there is a complete path of suitable material
linking it to an electrical power source such as a battery."
 "Heat sugar and it turns black."
 "Water runs through sand quickly (faster than through humus)."

"It takes heat to make the liquid rise in the thermometer."
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